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Measure COLOUR wit/ colour
and see what you are doing

THE LOVIBOND TINTOMETER

Lovibond Colour Scale and Colour Measuring Instruments are in international use for over 60 years,
by Industrial Control and Research Laboratories. The visual Colour Measuring Instrument designed
for the exact assessment of the material under test is simple and efficient. There are various
models and each is chosen according to work intended such as:

OILS, FATS, GREASES & WAX, ANIMAL, VEGETABLE or MINERAL: The grading and specification of
these in Lovibond units are in internationally accepted usage.

BEERS, WINES, SPIRITS & SOFT DRINKS: Grading, standardizing, blending, etc.

COLOUR-USING INDUSTRIES: Widely used for standardizing, specifying and matching Paints, Pigments,
Printing Inks, Dyestuffs, Cosmetics, Plastics, Textiles and Paper Making.

SHELLAC, VARNISH & RESINS: There are various Lovibond specifications used internationally.

FOOD INDUSTRIES: Used in the bottling, canning, preserving and confectionery trades for ensuring uniformity
of colour and checking quality and purity.

WATER TREATMENT: Checking and analysing drinking, swimming pool, boiler water, and sewage.

CHEMICAL ANALYSIS: All colorimetric chemical analysis can be carried out easily and ecfficiently on the
Tintometer.

MEDICAL: Routine or research tests in the clinical or pathology sections. Blood, urine, cerebro-spinal fluid
and other examinations, and tests for blood levels of drugs in chemotherapy.

ENGINEERING: Boiler-water and lubricant tests. Metallurgy.

LEATHER: The testing of tanning solutions, by international agreement.

AGRICULTURE: The chemical analysis of soil, plant tissues, fertilizers, fodder, and nutrient solutions.

ART: The carc and restoration of paintings in Art Gallerics.

TELEVISION: The grading and matching of phosphors and cathode ray screens.

Please ask for technical leaflets dealing with your own particular field of work
and prices

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHI
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TUNE YOUR MICROSCOPE'!

Sounds fantastic, but it is a fact with the

Bausch & Lomb
NEW 3D STEREOMICROSCOPES

STEREO
ZOOM

CONTINUOUSLY
VARIABLE POWER

THE BEGINNING OF
A NEW TRADITION
IN MICROSCOPE
DESIGN

You turn a knob to tune your radio to the required station, likewise you just turn the knob

of the new model B & L Stereomicroscope to get the brilliant stereo image ZOOM to the

exact magnification you need. No individual objectives, no nosepiece ! Not just a few fixed powers,
but any power within the wide stereo range.

Made by

BAUSCH & LOMB OPTICAL CO., U.S.A.

SOLE AGENTS
MARTIN & HARRIS (PRIVATE) Ltd.
(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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Laboratory and Industrial Vacuum Equipment and
Measuring Instruments
by
Messrs ARTHUR PFEIFFER, Germany

e R R P i

Manufacturers of

High Vacuum Equipment like

VACUUM PUMPS s DIFFUSION PUMPS = ELECTRIC &
MERCURY VACUUM GAUGES = HIGH VACUUM

PLANTS FOR METAL COATING, etc.

‘Service after Sales a Speciality’

ROTARY OIL SEALED VACUUM PUMP

For further particulars write to Sole Agents

TOSHNIWAL BROTHERS PRIVATE LIMITED

198 JAMSHED]JI TATA ROAD, BOMBAY |

Branches at Ajmer - Calcutta - New Delhi - Madras

RO-TAP SIEVE SHAKERS
with
AUTO TIME SWITCH

Also

WARBURG’S APPARATUS
COLD INCUBATORS
B.O.D. INCUBATORS

BI-METAL THERMOSTATS

HOT & COLD
THERMOSTATIC BATHS

etc.

Manufactured by

UDAY SCIENTIFIC INDUSTRIES PRIVATE Ltd.

5 BHABANATH SEN STREET, CALCUTTA 4
Gram : UDAYINDUST Phone : 55-3777
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Prompt deliveries

from in-coming shipments

against Qur Inpwl Licence

GERMAN
METAL TESTING MACHINES

FOR

Tension &
Compression

Permanent
Stability

Relaxation
Durability
Fatigue
Hardness

Impact Energy

Etc., etc. HARDNESS
TESTER

Manufacturers

VEB WERKSTOFFPRUFMASCHINEN, Leipzig
(formerly LOUIS SCHOPPER, known the world over for 75 years)

Sole Distributors

BLUE [x] STAR

BLUE STAR ENGINEERING €O. (Bombay) PRIVATE LTD.
KASTURI BUILDINGS, JAMSHED]I TATA ROAD, BOMBAY |
Also at CALCUTTA, DELHI, MADRAS

PENDULUM
IMPACT TESTER

PsBS-111
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SCIENCE AND CULTURE

REVISED ADVERTISEMENT TARIFF*
(From August 1958)

ORDINARY PAGE

No. of Insertions Full Page Half Page Quarter Page
Rs. Rs. Rs.
Twelve 720 380 210
Six 375 200 110
One 75 40 22

SPECIAL POSITIONS

Full Page Half Page Full Page Half Page
Rs. Rs. Rs. Rs.
Cover (Front) 180 — Page facing Contents 90 —_
Cover (Back) 170 — Page facing Text Matter 90 50
Cover (Front Inside) 130 70 Page facing Inside Front Cover 90 50
Cover (Back Inside) 130 70 Page facing Inside Back Cover 90 50
Page facing Editorial 100 — Page facing Advertisers’ Index 90 50

Ten per cent discount will be allowable on twelve consecutive insertions in special position

*The revision will be without prejudice to existing contracts and will take effect after the expiry of the
contracted period.

For particulars write to
ASSISTANT SECRETARY, INDIAN SCIENCE NEWS ASSOCIATION
92 UPPER CIRCULAR ROAD, CALCUTTA 9

From
A MICRO
to
A PHYSICAL BALANCE
you may depend on

€ROYy BALANCES

for their

SENSITIVITY, CONSTANCY &
DURABILITY

Manufactured by

Keroy /Ziwt/ Limited

Service Station & Office Factory
332 LATAFAT HUSSAIN LANE Phone 335 NADESHWAR
CALCUTTA 10 24-3840 VARANASI CANTT.
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PLAT'NUM LABORATORY A

ELECTRODES

Electrodes are very useful
in electrochemical and mi-
crochemical analysis. They
are available in wide range
to suit different purposes,
can be manufactured as per
requirements. Some of the

types: Fischer,Heavy Fischer

and Paddle type.

L
TIPPED TONGS TRIANGLES SPATULAE

APPARATUS

&
CO.

TRADE MARK

DISHES

Available from 50cc to 700cc capacity. Have
rounded thick base to withstand heavy wear.
Semi — Microchemical Dishes from 10cc to
30cc are also available. Supplied with pouring
lips. Lids, crucible or watchglass types also
manufactured.

CRUCIBLES, DISHES, WIRES, TIPPED FORCEPS, SPOONS,
BOATS, FILTER CONES, WIRE GAUZE, FOILS. ETC.

All Items Manufactured From ‘Special
Platinum’ Guaranteed 99.9%, and Over.

ALL ITEMS AVAILABLE FROM READY Tel: 40024.
Grams: ‘CRUCIBLE’

STOCKS.

Replacement & Reshaping of damaged Plati-

num apparatus undertaken.

Any article in Platinum manufactured and
supplied as per specifications furnished.

ILLUSTRATED CATALOGUE ON

REQ UEST.

Pioneer Manufacturers In India

RAVINDRA & CO. (piaTinum)

i1, DR. ANNIE BESANT ROAD, WORLI, BOMBAY. 18.
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JOURNAL OF THE INDIAN BOTANICAL SOCIETY

The J. Indian bot. Soc. is a Quarterly now running Volume 38 (1959).

The Annual Subscription is Rs. 30.00 or £ 2-10-0 or § 7.50 for a complete volume
of four numbers.

Back numbers of the Journal and the following Special Publications of the
Society are available:

s THE FLORA OF INDUS DELTA — Rs. 5.50
= PROFESSOR M. O. P. IYENGAR COMMEMORATION VOLUME — Rs. 30.00

= HISTORY OF BOTANICAL RESEARCHES IN INDIA, BURMA & CEYLON:
Part I — Mycology & Plant Pathology by Pror. S. N. Das Gurpra — Rs. 5.50
Part II — Systematic Botany of Angiosperms by Rev. Fr. H. Santaravu, S.J.— Rs. 4.70
Part III — Palaeobotany by Dr. A. R. Rao — Rs. 4.50

= MEMOIR I OF THE SOCIETY — Rs. 8.50

Further particulars from:

THE BUSINESS MANAGER & TREASURER, INDIAN BOTANICAL SOCIETY
UNIVERSITY BOTANY LABORATORY
MADRAS 5, INDIA

ELECTRONIC INSTRUMENTS

= Stabilized Power Supply Units = Scalers = Pulse Generators
= Oscillators, Audio, H.F. & U.H.F. = H.F.Titration Apparatus
* Dielectric Polarization Measurement Apparatus, etc. etc.

EMISSION RADIO & VARIETIES

120 LOWER CIRCULAR ROAD, CALCUTTA 14
Phone : 24-2513
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CALCUTTA |

BIOLOGICAL SUPPLIES

DEMONSTRATION PREPARATIONS

GORDHANDAS DESAI PRIVATE LIMITED

P-7 MISSION ROW EXTENSION 4/2B ASAF ALI ROAD 22 LINGHI CHETTY STREET

TURTOX

pledges absolute satisfaction in

PRESERVED MATERIALS
BOTANICAL MATERIALS

PLASTIC MOUNTS
SKELETAL PREPARATIONS
ANATOMICAL MODELS
BIOLOGICAL MODELS
BIOLOGICAL CHARTS
KEY CARDS
QUIZ SHEETS
MICROSCOPE SLIDES
LANTERN SLIDES
APPARATUS

Sole Agents

PHEROZSHAH MEHTA ROAD, BOMBAY |

Branches

NEW DELHI MADRAS |
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ASSOCIATED SCIENTIFIC
CORPORATION

MANUFACTURERS & DEALERS IN
SCIENTIFIC GLASS APPARATUS &

EQUIPMENT
: 232B UPPER CIRCULAR ROAD
z CALCUTTA 4
)

G g B X
: ASCINCORP Phone { i .. 352001
| 3 > o> - - oo P aad |
Gram: MAYBLOOM Phone: 55-5032

RSSOCIATED SUPPLY AGENCY

4B NOYAN SAHA LANE
CALCUTTA 3

REAGENT BOTTLES

Conical shoulder, wide-
neck, standard ground
joint socket and flat
stoppers, octagonal,
pressed with semi- A

v 3
S0

hollow body

JENA

TWIN HEAD
BOTTLE
FILLING

MACHINE

Overall Height

6 feet

FREDERICK HERBERT

POST BOX No. 6055, BOMBAY 5
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The New
handy and
easy-to-carry

MICROSCOPE

MODEL MiIl

suitable for
field work

Available as

x Monocular
or

* Binocular

WILD Binocular Research Microscope
MII BRGL with dust-proof steel hood and
leather carrying strap

Extra Attachments for :
* POLARISING * DARK GROUND * PHASE CONTRAST
* PROJECTION + PHOTOMICROGRAPHY, ETC. ETC.

Equipped with modern, High Precision Swiss Machines, Tools, Gauges and Collimators
and with an expert Swiss trained Engineer, our SERVICE DIVISION undertakes repairs
to Wild Microscopes and other Optical and Fine Mechanical Instruments.

SOLE AGENTS
Branch Office:

RA]'DER'I{AR &-' CO- 44/6 Regal Building

Sadhana Rayon House, Dr. D. Naoroji Road Connaught Place

BOMBAY NEW DELHI |
Telephone : 26-2304 Telegram : TECHLAB

OUR SUB-AGENTS :

VULCAN TRADING CO. PRIVATE LTD.
38C Mount Road, Madras 6
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SIEVES

8-inch diam. = Up to 250 mesh
&

for
SOIL
CEMENT
CONCRETE
Testing Equipment

Write to:

SCIENTIFIC EQUIPMENT WORKS

1/777 TILAK MARG, DELHI 6

Telegram: CHEMBIO Telephone: 27029

Acetic Acid

(ANALYTICAL REAGENT)
Melting Point . ................ 16:7°C.

Maximum amount of impurities

Non-volatile Matter .......... 0:0019,
Chloride ................... 0:00029,
Sulphate ............. ... ... 0:00049%,
Heavy Metal (Pb) ............ 0-0005%,
IO e e e 0-00029,

Empyreuma passes § hr. Bichromate Test

THE INTERNATIONAL CHEMICAL
INDUSTRIES

103B UPPER CIRCULAR ROAD
CALCUTTA

N
—_—

MANUFACTURERS OF

NEUTRAL GLASS
AMPOULES

For further particulars, write to:

BOMBAY SCIENTIFIC
GLASS WORKS

ARAB HOUSE, KHETWADI 13TH LANE
BOMBAY 4
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Stanton's new

streamlined for sp”eed
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Uftramatic balances

7

Now in full production, this
latest Stanton Achievement has all
the good looks and performance
of a thoroughbred precision
instrument, streamline-built for
speed and accuracy.

GREATER EASE OF USE

A large easily accessible pan space— dual
release at bench level — counter indicator for
weights adjacent to graticule screen at base
of balance.

GREATER WEIGHING SPEEDS

Both hands can be used — partial- release
switch eliminates slow starting — convenient
banking of colour marked weight loading
dials.

INCOMPARABLE RELIABILITY

Applied load design of provendependability—

fitted with Stanton Synthetic ~ Sapphire
( Corundum ) Planes — agate arrestment
bearings and knife guards — stainless steel
weights Class * A’ adjustment.

And dial weight loading up to 200 grammes
We shall be glad to send you our illustrated leaflet. Mention Pamphlet SIR |3

Uime and labows savny
(TNIZICEIITB  -THE LAST WoRD IN AUTOMATIC (WEIGHING

MARTIN & HARRIS ( PRIVATE) LTD., Savoy Chambers,
Wallace Street, Fort, Bombay. Tel: 30073

Sole Agents in India for STANTON INSTRUMENTS LTD., 119 Oxrorp StrEer, Lonpon W.1
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M. RAMCHANDRA & SONS

Estd. 1920

We offer

PHYSIOLOGICAL,
PATHOLOGICAL,
BIOLOGICAL &
PHARMACEUTICAL
LABORATORY
REQUIREMENTS

such as:

AUTOCLAVES, INCUBATORS,
DISTILLATION PLANTS,
OVENS, VACUUM STILLS,
FILTERS, BATHS & ALL
SORTS OF GAS, WATER &
VACUUM TAPS, ANIMAL CAGES
& BOTTLE FILLING UNITS

‘RAM DOOT"’ 12B KELEWADI
GIRGAUM, BOMBAY 4

BOROSIL

LABORATORY GLASSWARE

such as
FLASKS, BEAKERS, CONDENSERS, MEA-
SURING FLASKS, MEASURING CYLINDERS,
PIPETTES & ANY SPECIAL APPARATUS
MADE TO DESIGN

and
PENICILLIN VIALS, VACCINE BULBS —
WHITE & AMBER
'y

ALL OTHER APPARATUS & EQUIPMENT
MANUFACTURED TO CLIENT’S DESIGN

INDUSTRIAL & ENGINEERING
APPARATUS CO. PRIVATE Ltd.

CHOTANI ESTATES, PROCTOR ROAD
GRANT ROAD, BOMBAY 7

Estd. 1944
ASHA SCIENTIFIC COMPANY

Lotlikar Mansion, 503 Girgaum Road
BOMBAY 2

Telegrams: ASHACOM

DIRECT IMPORTERS
OF

LABORATORY APPARATUS,
INSTRUMENTS & EQUIPMENT

AUTHORIZED DEALERS OF

“PYREX”

LABORATORY & SCIENTIFIC
GLASSWARE

[ Made in England ]

Your orders and enquiries — Please

Al6
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NEW, POTENT ANTISPASMODIC

for oral admunistration

PYRAPEN

A combination of a new antispasmodic (a piperidinomethyl-pyrazolone compound)
and a new antacid (magnesium aluminium silicate).

PYRAPEN is the newest and least toxic member of the group of anti-
spasmodics and clinical reports are most encouraging.

CHARACTERISTICS
® Possesses both neurotropic and musculotropic antispasmodic action.

§
§
§
g
§
§
§
2
2 ® Relicves spasmodic conditions of the gastro-intestinal tract, due to gastric
and duodenal ulcer, hyperacidity, hypermotility of the stomach and intestine,
§ yp y, hyp y
2 gastritis associated with increased sccretion, motility, pyloro-spasm irrespective
4 of peptic ulcer, intestinal colic, lead colic, ctc.
§
§
§
§
§
§
)
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
N
§
§
§
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N

® Acts by local concentration on account of low systemic absorption.

® The combination with Magnesium Aluminium Silicate offers special advantage
in that the pH of the gastric juice is maintained within effective limits and

there is no interference with gastric digestion.

Available in the form of tablets which have been processed in such a way that
the individual ingredients (the antispasmodic compound and the antacid) have
been kept separate to maintain increased stability and efficacy.

Produced by

BENGAL IMMUNITY CO. LTD.

153 DHARAMTALA STREET
CALCUTTA 13
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Please send SCIENTIFIC INSTRUMENTS

your enquiries for for
Research Laboratories, Schools,
= PHYSICS, CHEMISTRY Factories, etc.
& BIOLOGY LABORATORY
INSTRUMENTS & APPARATUS SURVEYING & METEOROLOGICAL
INSTRUMENTS

s MICROSCOPES — ALL TYPES
MICROSCOPES & MICROTOMES

s« LABORATORY GLASSWARES TESTING APPARATUS
of Coal, Coke, Oil, Sugar, Rubber, Paper,
= PORCELAIN & SILICAWARES Textile, Yarn, Cement, Soil, Grain, etc.
s OVENS, INCUBATORS & OTHER CRUSHERS & GRINDERS
EQUIPMENT THERMOMETERS & TEMPERATURE
REGULATORS
to
INTERNATIONAL AGENCIES Write for free English Catalogues to
Lucky Mansion, 79 Ghoga Street OG Aw A SEIKI CO LTD
BOMBAY 1 ® e

No. 184, 2-CHOME, HYAKUNIN-CHO

Gram: ‘ SCIENAPP’ Phone ; 253753
am Ciine GRS SHINJUKU-KU, TOKYO, JAPAN

We manufacture

‘PINCO’ Gas Plant, Burners, Taps
Incubators: Hatching & Bacteriological
Thermostatic Baths, Ovens & Hot Plates
Vacuum Pumps, Ovens & Stills
Laboratory Shakers & Stirrers

Autoclaves & Sterilizers

Automatic Distilled Water Stills

Glass Density Apparatus

Physical, Chemical & Biological Apparatus,
Models & Charts

* K K X ¥ ¥ ¥ K ¥

etc. etc.  etc.
‘PINCO’ GAS PLANT We repair
for Educational, Research and Industrial Labora- * All types of Optical, Mechanical, Electrical,
tories, Hospital and also for cooking purpose Electronic & Survey Instruments

PRECISION INSTRUMENT CORPORATION (INDIA) PRIVATE LTD.

46 DHARAMTALA STREET, POST BOX No. 8905, CALCUTTA 13

Telegram: Telephone:
PINCO, CALCUTTA 24-3271
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CENTRIFUGES IN MODERN DESIGN

(MADE IN GERMANY)

= Modern streamlined appearance = Robust and well
proved universal motor for a.c./d.c., fitted with sup

= Strong metal case ensures safety = Speed: 4200 r.p.m

Available types:
ROTOFIX 11 4 < 15 ml. each — Angle head

255 x 320 mm.  Weight: 21 Ib. 6 < 15 ml. each — Angle head
A Small Centrifuge with the Big Performance

OTHER MODELS ALSO AVAILABLE

IMPORTERS :

THE SUMMIT SURGICALS

FURNISHERS OF LABORATORY APPARATUS, SURGICAL & HOSPITAL REQUISITES

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
Phone : 38689 Gram : * SURGESUMIT *

pressor = Resilient mounting, no vibrations = Balancing
unnecessary = Four-stage speed regulator = Versatile
interchangeable heads = Medico-white enamel finish

Equip your
laboratory &

with /
LABORATORY & PHARMACEUTICAL

CHEMICALS, ANALYTICAL & LABORATORY

LABORATORY REAGENTS,

AMINO ACIDS, STAINS, G L A S S

DRUGS, VITAMINS,

ETC. APPARATUS

L]
Directly imported by

Sole Selling Agents
S. MATHURADAS & CO.
P.O. BOX No. 2113 GHARPURE & CO.

PRINCESS STREET P-36 ROYAL EXCHANGE PLACE EXTN.
BOMBAY 2 CALCUTTA I
Gram: MEENAMO e Phone: 22-2061

Gram : ** SMATHURCO " Phone : 30273
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CHEAP & SIMPLE
source for GAS
for all type of

HEATING
PLANTS AVAILABLE IN VARIOUS CAPACITIES

Also Manufacture

BURNERS FOR INDUSTRY, LABORATORY, KITCHEN
LABORATORY FITTINGS, OVENS, BATHS, STILLS, ETC.
ATOMIC ENERGY EQUIPMENT, REMOTE CONTROL TONGS,
ORE DRESSING EQUIPMENT, ETC. ETC.

Stainless Steel Plant and Equipment Fabricators

GANSONS PRIVATE LTD., p.o.B. 5576 BOMBAY I4

For
Scientific— Medical —Industrial
LABORATORY EQUIPMENT

Beck Kassel Microscopes & Accessories
‘Nedoptifa’ Phase-contrast Microscopes
Refractometers, Spectroscopes, Telescopes
Metrohm pH Meters & Stirrers
Memmert Ovens & Incubators
Palmer’s Physiology Apparatus
Bosch Balances, BHG Centrifuges
Summira Calculating Machines
Blue Seal Microslides and Coverslips
Cambridge Instruments
British Thermostatic Controls
TIM-India Laboratory Equipment

CONTACT

J. T. JAGTIANI

National House, 6 Tulloch Road, Apollo Bunder
BOMBAY |
Post Box 332 Grams: FACMARE Phene: 35229
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FOR
FACTORY
WORKSHOP
AND
LABORATORY

COMPOUND HEATERS
FURNACES

GAS FLOW HEATERS
GLUE HEATERS

HOT PLATES
HUMIDITY CABINETS
IMMERSION UNITS
KETTLES FOR WAXES

Humidity test cabinet, of intermediate capacity, from
the ‘B-W"” range. Performance characteristics include:
relative humidity from 40 to 99 per cent plus; tempera-

ture control to 0.5°C. or better; dry heat to 100°C.;

PLASTIC DIP POTS wet heat to 70°C.; refrigeration to 0°C.; auto-controlled
SALT BATHS rapid cyclic temperature variation, under damp heat
SOLDER POTS conditions, adjustable for frequency and amplitude.

TINNING BATHS

TROPICAL CHAMBERS

VACUUM IMPREGNATING PLANT
WAX POTS

SPECIALLY DESIGNED
EQUIPMENT LONDON & BLETCHLEY, ENGLAND

Sales Agents in India:

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LTD.

INDIA HOUSE B-5 GILLANDER HOUSE SUNLIGHT INSURANCE

FORT STREET P.O. BOX 2136 BUILDING

P.O. BOX 119 CALCUTTA 26-27 ASAF ALI ROAD
BOMBAY NEW DELHI
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We manufacture

AMYL CINNAMIC ALDEHYDE ALPHA,

IONONE 100 PER CENT, IONONE ALPHA &

BETA, GERANIOL & CITRONELLOL PURE,

METHYL IONONE, HYDROXYCITRONELLAL

100 PER CENT, EUGENOL, CITRAL, GERANYL
' ACETATE, GUM STYRAX

and other

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

‘SACHEWORKS’,

other toilet articles

S. H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2

Gram :
BOMBAY-DADAR

;mmm#mwm‘“-

;

' Direct Importers
for

* LABORATORY CHEMICALS

* PHARMACEUTICAL
CHEMICALS

* FINE CHEMICALS

* VITAMINS
* STAINS, etc.

-0

1 Please refer to:

. B. BABULAL & Co.

71 PRINCESS STREET
POST BOX No. 2409, BOMBAY 2

b Gram : PETROLIUM Phone : 28465
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CURRENT SCIENCE

(Estd. 1932)
HEBBAL P.O., BANGALORE 6

The Premier Science Monthly of India devoted to
the publication of latest advances in pure and
applied sciences

Conducted by the
CURRENT SCIENCE ASSOCIATION

with the editorial co-operation of
eminent scientists in India

ANNUAL SUBSCRIPTION
India:Rs. 12 Foreign:Rs. 16; £ 1-4-0; $4.00

ADVERTISEMENT RATES
INDIA FOREIGN

(per insertion) (per insertion)
Full page Rs. 75 Rs. 100
Half page 45 60
Quarter page 28 40

Further particulars from

THE MANAGER
CURRENT SCIENCE ASSOCIATION
HEBBAL P.O., BANGALORE 6
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Through thick and thin Pyrex

S oo

. 2

o

Everyone who makes glass
apparatus needs PYREX Tubing.
The PYREX catalogue lists no
fewer than 80 standard lines, all in

healthy demand. Who uses all this

looks for PYREX

Pyrex tubing

is made from the same borosilicate
glass as other PYREX laboratory and scientific
glassware. It is therefore
heat-resistant
mechanically strong
chemically durable
—and functionally matches all other
PYREX glass apparatus

Sizes 2 mm to 100 mm o/diam—the largest
size-range available in borosilicate glass

Thickness Standard Wall, Heavy Wall, Extra Heavy.
Also Capillary range

Length Tubing is supplied in standard lengths

of approximately 5 feet

SPECIAL problems concerning manipulated tubing can
be referred to the PYREX Service Department, who
will gladly construct special laboratory equipment to

your drawings, in consultation (if necessary) with your
scientific and technical staff

® Obtainable from all main dealers

are always improving their

tubing? Hospitals, research labs
for Government and industry,

universities, schools. PYREX

production methods to attain
even higher standards of quality.
This is one good reason (among
many) why everyone who is

looking for quality glassware

PYREX

Regd. Trade Mark

Laboratory

BRAND

and scientific

glass

INDUSTRIAL SALES EXPORT DIVISION JAMES A JOBLING & CO LTD
WEAR GLASS WORKS SUNDERLAND ENGLAND
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EX-STOCK ‘PYREX, BRAND

( MADE IN ENGLAND)

Laboratory Glassware

Also
MICROSCOPES — SLIDES — FILTER PAPERS
(Made in China)
available from ready stock

For further details please contact

LABORATORY FURNISHERS

DHUN MANSION, VINCENT ROAD
DADAR, BOMBAY 14

Telephone : 62761

Branch: AHMEDABAD

D e e g g R e A s R T s I e e o Yo T P N NN

i T e e S e

BA LA N CES for SCHOOLS, COLLEGES, INDUSTRIAL
LABORATORIES & RESEARCH INSTITUTES

No. 5x

CATALOGUES SENT ON REQUEST

MANUFACTURED BY:

SCIENTIA INDUSTRIES (INDIA) PRIVATE Ltd.

34 BANER])I BAGAN LANE, SALKIA, HOWRAH
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Indian skill can make

THE MAKERS OF RENOWNED ¢ BASYNTH ” BRAND A.R. ACIDS AND CHEMICALS HAVE
INDIA

THE PLEASURE TO OFFER TO THE SCIENTIFIC RESEARCH WORKERS OF

A NEW PRODUCT OF THE ENGINEERING SECTION :

HIGH VACUUM ROTARY PUMP

Laboratory Model
SINGLE STAGE & TWO STAGE

with or without Air Ballast

* ALL INDIAN MATERIALS & CONSTRUCTION

* 1959 MODEL: TSRP/30, TWO-STAGE PUMP

WITH AIR BALLAST GADGET

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.

P.O. JADAVPUR UNIVERSITY, CALCUTTA 32

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

INDEX TO ADVERTISERS

AsHA ScienTiFic Co., BoMBAY

ASSOCIATED INSTRUMENT MANUFACTURERS (INDIA) PRIVATE
Ltp., CaLcuTTA o 0

ASSOCIATED SCIENTIFIC CORPORATION, CALCUTTA
ASSOCIATED SUPPLY AGENCY, CALCUTTA

B. BasuraL & Co.,
Basic & Synturtic CHEMICALS PRIVATE LTD., CALCUTTA
Works Ltbp.,

BomBay

BENGAL CHEMICAL & PHARMACEUTICAL
CALCUTTA

Bencar Immunity Co. Lro., CaLcuTTA

BHARAT ELECTRONICS LTD., BANGALORE

BLue Star ENGINEERING Co.
BomBay

(BOMBAV) Private Ltp.,
Bompay SciENTIFIC GLAss WORks, BomBay

Britisu DrRuc Houses (INp1A) PrivaTe Ltp., BomBay
CENTRAL GrLAss & Ceramic REsEARCH INSTITUTE, CALCUTTA
Ltp.,

CRAFTSMAN PRIVATE

BomBAay

ELecTRONIC  CORPORATION

CURRENT SCIENCE ASSOCIATION, BANGALORE

EMisstoN Rapio & VARIETIES, CALCUTTA

FreEpeErRICK HERBERT, BoMBAY

GANsoNs PrivaTE L1p., BoMBAY ...
GuArPURE & Co., CALCUTTA

GORDHANDAS DEsat PrivaTE Ltp., BoMBAY

H. Reeve ANGeL & Co. Lrp., LoNDON

Inpiax BotanicaL SocieTy, MADRAS

Inpian Resinous Propucts Co., BomBay

INDIAN ScIENCE NEWS ASSOCIATION, CALCUTTA

INDUSTRIAL & ENGINEERING APPARATUS Co. PRIVATE LD,
BomBay
INSTRUMENT RESEARCH LAnonnoav L-ru CALCUTTA
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INTERNATIONAL AGENCIES, BOMBAY &

INTERMATIONAL CHEMICAL INDUSTRIES, CALCUTTA

James A. Josring & Co. LTp., SUNDERLAND, ENGLAND ...

J. T. JacTiANI, BOMBAY ...

Keroy (Private) Lrp., CALCUTTA

LABORATORY FURNISHERS, BOMBAY ...

MarTiN & HARrR1s (PRIVATE) LTD., BoMBAY

MEGHNA INDUSTRIES PRIVATE L1D., CALCUTTA ...

MoTtwANE PRIVATE LTD., BoMBAY

M. RAMCHANDRA & Sons, BoMBAY ...

OGawa Seikr Co. Ltp., Tokyo, JAPAN

PrECISION INSTRUMENT CORPORATION (INDIA) PRIVATE L'm,
CALCUTTA

Raj-DER-KAR & Co., BoMBAY

RaviNDrRA & Co. (PraTINUM), BoMBAY

ScieNTiA INDUSTRIES (INDIA) PRIVATE LTD., HOWRAH

SciENTIFIC APPARATUS MANUFACTURING Co., BoMBAY

ScientiFic EQuipMENT WoORKS, DELHI

SciENTIFIC INSTRUMENT Co. LTD., ALLAHABAD ...

S. H. KrLkAR & Co. (PrivaTE) LTD., BoMBAY

S. MatHUrRADAS & Co., BoMBAY

STANDARD METAL Co., CALCUTTA

STANTON INSTRUMENTS LTD., LONDON

SuMMmIT SURGICALS, BoMBAY 8

TeMPo INDUSTRIAL CORPORATION (vauc) L'm, BoMBay

TosHNIWAL Bros. PRIVATE Ltp., BoMBAY

UpAy SCIENTIFIC INDUSTRIES PRIVATE LTp., CALCUTTA

UNnigue TRADING CORPORATION, BoMBAY

VEB CaARL ZEISS, JENA ...

Vortas Ltp., BoMBAY
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Specifications never tell the complete story.
Quality, for example, is not included, because it cannot be measured, only evaluated.
Quality is made of many things—the engineer’s approach to the design problem and
how well he solves it...the workmanship that translates his thoughts into reality...
the care and individual consideration given each product during calibration to assure
exceptional performance...

Adherence to these principles requires that all concerned with the
instrument’s creation be dedicated to Quality—the intangible specification which at
General Radio guarantees that every instrument is built to last. Since 1915, the
General Radio trademark has been a hallmark in the electronics industry. Behind
it stands a company that has consistently produced the finest in electronic test
equipment; a firm where quality began as a principle, and has become a tradition.

GENERAL RADIO CO., U.S. A.

Distributors :

MOTWANE PRIVATE LIMITED

Incorporating:
EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED
and
CHICAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED
1909 FIFTY YEARS SERVICE 1959

Electrical, Mechanical & Electronic Engineers and Contractors
127 Mahatma Gandhi Road, Post Box No. 1312, Bombay-1.  Phone: 252337 (3 lines)  Grams: 'CHIPHONE" all offices
Branches at: Calcutta, Lucknow, New Delhi, Madras, Bangalore and Secunderabad

SISTA'S-EE-62
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Current Topics

CENTRAL SCIENTIFIG INSTRUMENTS
ORGANIZATION

THE DECISION TAKEN RECENTLY By THE COUNCIL OF
Scientific & Industrial Research to set up a Central
Scientific Instruments Organization is a measure of
considerable significance.

Under the stimulus of the First and the Second
Five-Year Plans the number of institutions for
teachmg and research in science and technology has
increased several-fold and there has been a growing
demand for instruments required for teaching and
research. There has also been a demand for a large
variety of drawing and survey instruments as well
as for industrial and control instruments. This in-
creasing demand coupled with restrictions on im-
ports created a serious situation and it was realized
that the indigenous industry stands in need of imme-
diate development and expansion. The matter was
taken up by the Planning Commission and a com-
mittee was set up in April 1957 to examine the
question in detail and recommend steps for promot-
ing the production of scientific instruments in the
country. The committee recommended the set-
ting up of a central organization charged with the
responsibility of taking steps to further the develop-
ment and production of all categories of scientific
instruments in the country.

Reliable information is not available on the num-
ber and types of instruments which are being im-
ported at present. The present value of imports is
estimated at ten crores of rupees while the value
of indigenous production amounts hardly to one
crore of rupees. It will be one of the responsibilities
of the organization to bridge this gap as expeditiously
as possible. An cstimate made by the Planning
Commission reveals that on an average 2 per cent
of the capital value of new plant and machinery is
accounted for by control or measuring equipment.
In the Third Plan there is likely to be considerable
increase in the import of capital plant and as such
the value of scientific instruments imported is likely
to increase to twenty or thirty crores of rupees by
the end of the Third Plan.

The organization will take effective steps to sti-
mulate production by not only removing bottlenecks
where they exist but also by providing suitable
machinery and technical know-how when needed.
It may be possible to arrange for these facilities by

" obtaining foreign collaboration but by and large it

would be desirable to put up design and development
cells at some of the larger manufacturing centres to
undertake the solution of specific problems.

In any contemplated large-scale expansion pro-
gramme the availability of trained technical per-
sonnel will be a vital factor. At present, only one
or two institutions in the country are providing ad-
vanced courses in instrument technology. It is
apparent that active steps will have to be taken to
increase the output of both instrument engineers and
technicians.

While increased production is necessary it will be
equally desirable that quality and reliability of the
instruments are not sacrificed and necessary provision
should be made for quality control. The industry
will gain in strength only through insistence on work-
manship and standards of quality and performance.
In achieving this objective the Indian Standards
Institution can contribute greatly by laying down
norms for quality and performance of various types
of instruments.

REFRESHER COURSE ON HIGH VAGCUUM
TECHNIQUES

UNDER THE JOINT AUSPICES OF THE UNESCO AND THE
National Physical Laboratory (N.P.L.), a regional
training course will be held in the N.P.L. buildings
from 18 January to 12 February 1960. Trainees for
the course will be chosen from Afghanistan, Burma,
Ceylon, India, Nepal and Pakistan. The course will
be directed by Prof. A. Reimann, Research Professor
of Physics, University of Queensland (Australia).
The rapid progress in high vacuum technology and
even more rapid strides of its applications in industry,
especially after the Second World War, have evi-
dently induced the organizers to select this subject
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for the course. Such progress has been made possible
by the applications of the fundamental laws of basic
sciences; in turn, the development of the subject
is making valuable contributions both to the promo-
tion of studies in basic sciences as well as extensive
technological developments in industry.

Contributions towards the development of better
types of vacuum pumps include: gas ballasting in
rotary pumps, commissioning of blowers used at
atmospheric pressure as booster pumps for low pres-
sure work, better understanding of fractionation
process in oil-vapour pumps leading to the intro-
duction of a self-purifying stage for purging vola-
tile components in pumping fluids, reduction of
back streaming in vapour pumps and pumping
by new mechanisms such as ‘ion-pumping’ and
¢ getter-pumping ’.

Significant improvements are reported regarding
pressure measurements in vacuum systems. Con-
ventional gauges are now made more robust to suit
industrial needs, and improved to cover wider ranges
or even modified for use in ranges other than the ones
in which they have been normally used. New types
like the magnetron gauge are available for very low
pressure measurements.

Leak detection is no longer a hit-and-try method;
it is now a systematic procedure based on scientific
principles. A variety of techniques ranging from
the simple  backing space technique ’ using a Pirani
gauge to costly mass spectrometric methods involving
the use of helium as a probe gas are now available for
spotting leaks of various magnitudes. Side by side
compact mass spectrometers based on different
methods of focussing ions are available for the mea-
surement of the relative partial pressures of gases
and vapours in evacuated systems. Vacuum techno-
logists are ever conscious of ‘ vacuum cleanliness .
Synthetic elastomers are replacing the use of wax and

grease, making way for the introduction of metal -

gaskets in vacuum seals. Use of alloys containing
metals of low volatility together with the advent of
argon arc-welding of stainless steel have facilitated
the fabrication of vacuum chambers that can stand
high temperature baking for degassing.

500

Societies for the promotion of vacuum technology
have been started in industrially advanced countries
and these have recently formed themselves into an
international union for exchange of ideas. Methods
of imparting education in vacuum technology are
receiving serious consideration in many universities
and we are already witnessing the birth of a new
branch of engineering — Vacuum Engineering. Scal-
ing up in size and capacity of laboratory designs
and the large outlay involved in setting up industrial
vacuum plants have led to standardization of equip-
ment. The National Standards Committees of U.S.A.,
England, France, Germany and Japan exchange
information on standards for nomenclature, units,
pumping equipment and measuring techniques with
a view to reaching agreement as far as possible.

The outcome of this tremendous progress is the
consciousness on the part of the scientist and the
technologist of the scope for future work. The fifty
years old vapour pump is still designed by trial and
error methods though backed by enlightened ex-
perience rather than by any complete theory. Un-
solved problems in connection with the newer methods
of pumping are many. Although several pitfalls in
the procedures adopted for the measurement of
speeds of evacuation of pumps have come to light
recently, there is still want of agreement on funda-
mentally correct concepts in adopting a unified proce-
dure for rating the performance characteristics of
vacuum pumps. Accuracies obtainable in pressure
measurements in vacuum systems still defy the effort
of several standardizing laboratories.

In this refresher course the younger generation will
have an opportunity to learn about new developments
in the subject from experts conducting the course;
the more advanced workers can discuss various un-
solved problems in the subject and critically assess
the contributions; and research workers who use
vacuum techniques as a tool for furthering advances
in the various disciplines of science can have an
accelerated course in the subject and thus save the
effort of having to weed through literature that is
widely scattered.

C.B.



Symposium on Microorganisms, Enzymes & Vitamins

Symposia on (1) The Biology and Bio-

chemistry of Microorganisms, (2) Enzymes
and (3) Vitamins, which were inaugurated by
Dr S. Bhagavantam, continued for three days
(28-30 August 1959) and were attended by over
200 scientists including 50 delegates representing
most of the centres of biochemical research in the
country.

The first day of the session was presided over by
Major General S. L. Bhatia who gave an illuminating
address on the ‘“ Progress of Physiology and Bio-
chemistry in India ”.
of the second day, Dr P. S. Sarma gave a lucid
account of the varied contributions of the late Prof.
K. V. Giri in the field of enzymes. Dr V. N. Patwar-
dhan, who guided the deliberations of the third
and final day of the symposium, reviewed the
mode of action of vitamin D. Dr V. Subrahmanyan
gave an interesting account of the work carried
out by the Department of Biochemistry during
his professorship. Prof. M. Sreenivasaya described
the elegant physico-chemical and ultramicro methods
developed by him for the study of enzyme systems,
and referred to his work on the nutrition of inverte-
brates including those of the lac insect, the rice moth
and the silkworm.

In addition to the 69 papers presented before the
session, there were four thought-provoking evening
lectures: (1) Pentose Phosphate Metabolism by Dr
D. P. Burma of the Bose Institute (B.I.), Calcutta;
(2) Purification of Enzymes by Dr B. K. Bachhawat
of the Christian Medical College (C.M.C.), Vellore;
(3) Protein Synthesis by Dr P. M. Bhargava of the
Regional Research Laboratory (R.R.L.), Hyderabad;
and (4) Coenzyme Q by Dr T. Ramasarma of
the Indian Institute of Science (I.I.Sc.), Banga-
lore.

THE Indian Institute of Science Golden Jubilee

Twenty-one papers were presented during the first
session under three sections: General Microbiology,
Agricultural and Industrial Microbiology and Meta-
bolism of Microorganisms. Investigations on ther-
mal destruction of pathogenic bacteria at the Dairy
Research Institute (D.R.I.), Bangalore, have shown
that Mycobacterium tuberculosis Hy,Rv, Eberthella
typhosa and Shigella sonmei inoculated into milk do
not survive when subjected to Holder and H.T.S.T.
methods of processing and that the fat in the cream
inhibits the growth of the tubercle bacillus. Studies
undertaken at I.I.Sc. on the nutrition and meta-
bolism of Pseudomonas convexa var. hippuricum,

Presiding over the proceedings .

isolated from soil, have led to the discovery of a new
pathway of benzoate breakdown by the bacteria,
involving salicylate, a mechanism different from the
classical scheme of the metabolism of the aromatic
ring. Investigations on the growth of Pseudomonas

fluorescens at R.R.L. have revealed that the rate of

increase of bacterial mass during logarithmic phase
continuously decreases, and hence the metabolic
activity of individual bacterium also decreases. Im-
portant findings have emerged from studies carried
out at I.I.Sc. on the cytology of yeast. The presence
of a mucleus and a vacuole has been demonstrated
as well as the occurrence of nuclear and vacuolar
membranes which show the general similarity of the
structure of yeast and plant nuclei. Three papers
on sewage treatment from I.I.Sc. dealt with bacteria
in sewage. It was shown that bacteria in sewage,
singly or collectively, were inefficient in clarifying
and oxidizing sewage. Activated sludge process was
reported to remove 90 per cent of phosphorus from
the sludge and yield an effluent free from fatty
matter.

A process developed on a pilot plant scale at the
National Chemical Laboratory (N.C.L.), Poona, was
reported to yield a product comparable with imported
desizing agents. The production of bacterial pro-
tease, a substitute for pancreatin and papain in
pharmaceutical products, was described in a paper
from the Indian Institute of Biochemistry and Ex-
perimental Medicine, Calcutta. A similar protease
from microorganisms which can serve as a substitute
for rennin for cheese production has been developed
at D.R.I. Antagonism between microorganisms in
soil was discussed in three papers from the Anna-
malai University, and it was reported that a strain
of Streptomyces levendulae produced maximum
antibiotic (mycothricin) in a soya peptone-cerelose
medium.

In a paper entitled ““ Microbial Synthesis of Pro-
tein in Relation to Biogenesis of Nucleic Acids”
from B.I. and reporting the results of studies car-
ried out using P?* and S%, it was revealed that
in the resting cells of Azotobacter vinelandii, the
conditions under which nucleic acid synthesis is -
inhibited lead to a decrease in protein synthesis,
but, on the contrary, the incorporation of P into
nucleic acid continues uninterrupted even when
protein synthesis is inhibited. The purification of
hydrogenase from D. desulfuricans by ion exchange
and cellulose chromatography was described in a
paper from N.C.L., and it was shown that iron and
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FMN were necessary for hydrogenase activity when

methylene blue was employed as the hydrogen -

acceptor. The effect of metal chelating agents like
a,0'-dipyridyl, E.D.T.A. and 8-hydroxyquinoline on
the nicotinamide deamidating enzyme systems pre-
sent in cell-free extracts of L. arabinosus, A. niger,
Neurospora crassa, S. cereviseae, pigeon liver and chick
kidney has been investigated at the University Bio-
chemical Laboratories (U.B.L.), Madras. It has been
observed that the enzyme systems are inhibited by
the chelating agents. The inhibition by a,a’-di-
pyridyl is reversed by Fe' ™" in the case of enzyme
systems of Corcyra cephalonica, pigeon liver and
chick kidney, while those of A. niger and N. crassa
are reversed by Mg* * and Mn™ " respectively.
Seventeen papers were presented at the session
on enzymes. Evidence was presented, in a paper
from C.M.C., to show that enzyme systems are in-
volved in the transport of fatty acids into cells.
The uptake of Cl%-stearate, which is stimulated
by the addition of phosphate and glucose, has been
found to be inhibited by fluoride, iodoacetate or
cyanide, suggesting that both oxidative and glycolytic
pathways are important. The detection and puri-
fication of a stereospecific dihydrolipoic acid de-
hydrogenase were reported, for the first time, in
a paper from B.I.; a 60 to 70-fold enhancement
in the activity of the enzyme has been achieved
by purifying it. The enzyme is DPN-linked and
specific for dihydrolipoic acid and its amide; the
reaction is irreversible when lipoic acid is employed
as the substrate. Studies on the specificity of (i) pec-
tin methyl esterase, (ii) pentosonase and (iii) trans-
glycosidase present in tea leaves, discussed in a
paper from the Tocklai Experimental Station, Cinna-
mara, have shown that the enzyme reacts with
maltose with the formation of maltotriose, malto-
tetrose and glucose. The formation of a disaccharide

containing glucose and arabinose has been observed.

by employing arabinose as the acceptor of glycosyl
residues and maltose as the donor.

The purification and properties of glutamic-oxalace-
tic transaminase from human and ox brain were des-
cribed in a paper from C.M.C., and the results of a
comparative study of the enzyme from the two
sources with regard to their susceptibility towards
sulphydryl reagents, pH optima and affinity towards
pyridoxal phosphate were presented. Purified ox
brain transaminase has shown complete dependence
on pyridoxal phosphate for its activity even without
using a pyridoxal phosphate binding reagent to dis-
sociate it from the holo-enzyme. A new type of
enzymatic transamination reaction in which glyoxy-
late transaminates with a number of amino acids to
produce glycine, was reported in a paper from I1.I.Sc.
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Isonicotinic acid hydrazide and L-penicillamine, at
low concentrations, have been found to inhibit the
enzyme but the inhibition can be reversed by pyri-
doxal phosphate. Unequivocal evidence has been
adduced to show that the enzyme is a metallo-enzyme.
Studies on the incorporation of P3? into phosphate
fractions of Neurospora crassa, strain E_ | 5297A, and
the results of analysis of the various fractions were
presented in a paper from U.B.L. These studies
have revealed that after the removal of lipid, extrac-
tions by water at pH 8-2 solubilized further a fraction
containing some non-dialysable phosphorus com-
pounds which are only partially split to orthophos-
phate even on prolonged hydrolysis with N hydro-
chloric acid. The method of purification of a natu-
rally occurring inhibitor of glutamine synthesis
present in the galls of Pomgamia glabra and the
characteristics of the partially purified inhibitor werc
described in a paper from I.I.Sc.; the possible signi-
ficance of the inhibitor in the nitrogen metabolism
of plants was also discussed. The inhibitor is thermo-
labile and non-dialysable, suggesting thereby that it
is a high molecular weight protein.

Seventeen papers were presented at the last session
of the symposium on vitamins. The application of
the maleic anhydride reaction to the study of cis-trans
isomers of vitamin A, and the preparation of visual
pigments were described in a paper from I.I.Sc.
Vitamin A, has been found to occur mainly in all-
trans form in fish liver oils. The isolation of crys-
talline retinene, and retinene,-oxime was also report-
ed. Another paper from I.I.Sc. reported the results
of recent investigations on the occurrence of flavin
nucleotides in plants. Very little free riboflavin has
been found in plant materials. However, the radicles
of germinating seedlings are reported to contain
almost all the FAD and the major portion of the total
flavin, while the cotyledons and the plumules contain
FMN as the major flavin.

A paper from the Indian Cancer Research Centre,
Bombay, discussed the possible role of nicotinamide
analogues in carcinogenesis. To explain the un-
controlled growth in tumours, the possibility of the
malignant cells developing a capacity for obtaining
their energy requirements through hexose monophos-
phate pathway was suggested. The resistant strains
of mice were discussed in the light of this hypothesis.
Some interesting examples of species specificity in
the mechanism of pyridine nucleotide synthesis by
erythrocytes were reported in a paper from the
Nutrition Research Laboratories, Hyderabad. Of
the seven species investigated, only human and
guinea-pig erythrocytes have been observed to be
capable of synthesizing DPN from nicotinamide
and glucose. Human and monkey erythrocytes also
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synthesize appreciable amounts of DPN from nico-
tinic acid and glucose in the presence of glutamine,
whereas this metabolic pathway does not seem to
operate in the guinea-pig. Red blood cells of the

Theory of Thin Elastic

SYMPOSIUM on the ‘Theory of Thin
A Elastic Shells’, sponsored by the International

Union of Theoretical and Applied Mechanics .
(IUTAM), was held at Delft, Holland, under the
Chairmanship of Prof. W. T. Koiter from 24 to
28 August 1959. Twenty-five invited research papers
were read at the symposium.

On 25 August, the session started with a welcome
address by Dr C. H. Van der Leeuw, President of the
Board of Governors of the Technological University
of Delft, followed by introductory remarks by Prof.
F. K. G. Odqvist, President of JTUTAM, who ex-
plained how the symposium on selected topics like
‘ Theory of Thin Shells ’ fulfilled the objectives laid
down by TUTAM.

Dr C. B. Biezeno, Honorary Chairman of the sym-
posium, gave an excellent résumé of the work done
in shell theory and pointed out avenues which still
remain to be explored.

The symposium mostly dealt with non-linear
and axially asymmetric problems. W. T. Koiter
(Netherlands) showed that the assumptions of a
plane stress permitted a scientific classification of
all linear theories. He pointed out that Love’s first
approximation for the strain ecnergy as the sum
of stretching energy and bending energy has a con-
sistent first approximation, both in the linear and
the non-linear theories. His assumption of a plane
stress was questioned by Eric Reissner (U.S.A.) and
others.

W. Zerna (Germany) gave results of his analysis
taking into account a non-linear stress-strain relation
of the form proposed by Kauderer, while B. R. Seth
(India) showed that, by using finite components of
strain and the strained state as a reference frame-
work, a thin cylindrical shell could be deformed
into a conical one by applying normal surface loads.

monkey are able to synthesize DPN from nicotinamide
only in the presence of glutamine, suggesting that
nicotinamide is converted into nicotinic acid prior
to incorporation into DPN.

Shells—A Symposium

W. A. Nash (U.S.A.) showed that Berger’s method of
neglecting the second invariant of the strain energy
gave good results for finite amplitude oscillations of
rectangular plates and deflections of spherical shells.
P. M. Naghdi (U.S.A.) showed that the problem
of shallow shells reduced to a system of coupled
non-linear partial differential equations involving the
axial displacement and a stress function. With some
approximation they reduced to the systems obtained
by Grigolyuk (U.S.S.R.) and Reissner. Buckling of
shallow spherical and conical shells was extensively
discussed by B. Budiansky, P. Seide, N. J. Hoff
(U.S.A.) and J. Singer. There did not seem to
be any agreement between the results obtained by
them. Budiansky took into account the ‘ waviness’
of the shell deformation and the boundary layer of
localized deformation.

J. W. Cohen (Netherlands) and Reissner dealt
with helicoidal shells. Cohen showed that the classi-
cal stress-strain relations were insufficient and that
the consequent inconsistency in the stress calcula-
tions could be removed by slightly altering the
equation of equilibrium. Reissner took into account
the effects of transverse stress and normal stress
deformation and found that the state of stress in
such a shell could be split into two parts —one of
inextensional bending and the othef of membrane
or moment free state.

The symposium left open the question of what
would constitute a comprehensive theory of thin
shells. Most of the approximations made in existing
literature were shown to be inconsistent with the
order of approximation permitted in the problem.
This explains the wide divergence in design calcula-
tions. A direct attack on the problem through the
fundamental equations of elasticity can be expected
to give better results.
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A New Glass Spectrograph

HEINRICH SCHELLER

VEB Carl Zeiss, Jena

HE new glass spectrograph, designed by VEB

Carl Zeiss, Jena, is a versatile instrument

which can be employed with equal facility in
research and industrial laboratories as well as in
organic and inorganic analysis. The optical prin-
ciple of this new instrument is mainly based on that
of Zeiss’s former * spectrograph for physicists ’, ope-
rating with the Foersterling three-prism set. The
instrument has many desirable qualities which make
it eminently suited to rough conditions of handling
in an industrial laboratory: it is of robust build,
manipulation is easy and simple, and rearrangement
of its components can be effected rapidly.

The design of the instrument is based on the
principle of the three-prism spectrograph, with two
cameras of different focal length and of large relative
aperture for the spectrographical recording of the
Raman emission of organic substances or of other
low light intensity phenomena, e.g. luminescence,
flame and converter spectra. The three-prism spec-
trograph is a high-dispersion glass instrument, which,
in conjunction with an autocollimation camera, of
130 cm. focal length, is suitable for the detection and
quantitative determination of rare earths, analysis of
tungsten-based high-alloy steels and hard metals,
titania or zirconia-based ceramic products.

Basic optical construction

The prism set, in accordance with the well-known
Foersterling principle, consists of two 63° prisms,

between which is located an Abbe prism with «
constant deviation of 90°.  The collimator objective,
a double lens achromatic system of ¢. 30 cm. focal
length, is exactly adjusted for infinity for a mean
wavelength range. The high-speed camera lens sys-
tems are three-component systems of 12 or 27 cm.
focal length. In conjunction with the collimator,
they yield an excellent definition of lines in addition
to a plane image of the spectral region under study.

Mechanical design

Particular attention has been paid in this instru-
ment to the mechanical rigidity and the manipula-
tion arrangements, so as to ensure the quick and
accurate setting of prisms, extension of objective,
turning of the plate holder and its run, etc. No
adjustment is necessary when the cameras are inter-
changed.

To fulfil the demand for rigidity, the prism set has
been provided with a very firm base and an enclosed
casing. Pivot bearings have been reduced from
three to two without impairing the optical func-
tion of the prism set. The prism set is rotated on
the outside by a large, easily readable scale drum.
The entire adjusting range is subdivided into 3000
intervals ensuring a setting accuracy for the prism of
15 arc-seconds per interval.

A rail guide is provided for attaching the 130
cm. long, cantilever autocollimation camera to the

casing of the prism. Tts relativelv long carrier base

Fra. 1
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ensures that the camera is correctly focussed on the
prism set. The autocollimation mirror (Fig. 1) is
securely attached on the other side of the prism
casing, viz. a cylinder rod on the mirror support is
inserted in a V-bearing on the wall of the casing; a
screw bolt from below holding both parts firmly
together. The mirror adjustment, once set, needs no
further attention.

The collimator and the autocollimation camera
have symmetrical precision slits. The range of the
slit width is 0-3 mm. with a setting accuracy of 0-001
mm. The density of the spectral lines does not,
however, depend on the reproducibility of the slit
setting but rather the density of the continuous back-
ground which, for the quantitative Raman analysis,
should be kept as constant as possible.

The lens systems of the collimator and the camera
are set and adjusted by a rack and pinion assembly.
The setting can be read off on a mm.-scale with
a vernier reading up to 0-1 mm. The 12 cm.-focal
length camera is adjusted by means of a micrometer
screw with a 1/100 mm. division (Fig. 2). The plate
holders are rotatable (correct to 1/10 arc-degrees)
about vertical axes to permit precise adjustment of
photo plates in the focal plane of the spectrum.
The plate-holder guide, which serves for exposing
several spectra on’ one plate, is fed by a threaded
spindle of 1 mm. pitch (Fig. 2). The accuracy of the
plate-holder guide and a stop device on the spindle
wheel ensure that spectra are placed at regular dis-
tances exactly beneath one another as required for
accurate comparison of spectra. By means of a
remote control, it is possible to operate and read all
settings for each of the three combinations from the
operating position, i.e. from the light source (spark

stand or Raman lamp). The plate holders of the
camera ensure reproducible positions for the photo-
graphic plate, which is remarkable in view of the low
depth of field of the high-speed cameras.

Illuminating devices

The optical bench method of mounting has been
maintained for setting up the illuminating devices
and, if required, it can be easily exchanged for other
methods of mounting. Provision has been made for
a three-lens condenser system with intermediate
image formation of the light source, especially suit-
able when using small-size light sources and a one-
lens system for large light source, such as flames,
Raman cells, fluorescent plane emitters, jet flames,
etc. A second bench (Fig. 1), parallel to the first
and separated by spaces, carries the light source,
usually a spark stand and the first illuminating con-
denser. The second illuminating condenser is con-
nected to a unit with the requisite mirror as an
illuminating fixture.

Optical data and performance

The optical data for the instrument are given in
Table 1. Due to the limitations of the prism an
effective aperture corresponding to a diameter of
50 mm. is realized. From this the values of the
effective aperture ratios (Table 1) can be calculated.

The comprehensive spectral region commences with
the transmittance of the glass at ¢. 3600 A. and
extends up to the limit of infrared sensitized photo-
graphic emulsion at ¢. 10,000 A. The camera (f=12
cm.) with a medium setting of the prism covers the
entire visible region from 4000 to 8000 A. in one
spectrogram 30 mm. in length. The autocollimation

F1G6. 2 — THREE-PRISM SPECTROGRAPH WITH CAMERA FOCAL LENGTH EQUAL TO 12 ¢M. (RAMAN ILLUMINANT IS IN FRONT
OF THE COLLIMATOR)
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TABLE 1— OPTICAL DATA

FocAL RELATIVE EFFECTIVE LENGTH DISPERSION
LENGTH APERTURE APERTURE OF THE (4./mm.)
OF SPECTRUM IN THE REGION OF
CAMERA FROM
cm. 4000 To 4000 5000 8000
8000 A. A, A, Al
mm.
12 142:0 1:2:4 30 42 105 441
27 1:45 1:54 67 19 47 196
130 1222 1:26 640 2 5 20

TABLE 2 — RESOLVING POWER OF THE CAMERAS

AT 5200 A.
FocaL  TYPE OF PLATE RESOLVING POWER R= %
LENGTH —A—— A
OF (A%) Aa*
CAMERA A. "
cm.
12 Mikrat 1-10 8 4700
27 do 0-50 10 10000
130 Photo-technical 0-16 34 32000

*Ag is the dispersion in w on the plate corresponding to
the resolving power of the instrument.

camera requires c. 6 consecutive exposures to re-
present the requisite spectral region of ¢. 640 mm.
length. This does not imply any restriction for using
the long-focus camera, since the emission spectra
analyses to be solved by this maximum-dispersion
instrument do not as a rule call for the entire spec-
trum, but for one or two selected regions only.

The resolving power (AA) of the instrument and
the dispersion (Aa) on the photographic plate, corres-
ponding to the resolving power, with different camera
focal lengths and photographic plates, are given in
Table 2.

The three recorded curves (Fig. 3) give an idea of
the resolving power of the three types of cameras.
The same portion of the iron spectrum at 5200 A. was

taken with each camera and the spectra were recorded -

in such a manner that the curves have almost the
same length. The resolution of 0-16 A. is seen in
curve A for the autocollimation camera on lines
Fe=5208-60 A. and Cr=5208-44 A. Curve B for
the =27 cm. camera shows that the Fe lines at
5215-2, 5216-3 and 5217-4 A., each having a wave-
length difference of 1-1 A., are so clearly separated
that it is possible to achieve a separation of 0-5 A.
The curve C obtained with the =12 c¢m. camera
shows the separation of the same three Fe lines.

A further example of the efficient resolving power
of the 130 cm. camera is provided by the recorded
curve of the He-doublet (Fig. 4) at 5875:62 and
5875-87 A. with a 0-25 A. wavelength separation,
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5227.2 A.

5216.2 A.

5208 A.
dA=1.1A,
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F1G. 3 — RECORDED CURVES OF THE IRON SPECTRUM AT
5200 A. WITH A CAMERA FOCAL LENGTH OF (A), 130 cm.;
(B) 27 cm.; anp (C) 12 cm.

dr=0.25 A.
He 5875.62 A.

Fig. 4 — TYPICAL CURVES OF THE He-DOUBLET AT 5875 A.
RECORDED WITH THE AUTOCOLLIMATION CAMERA (X 500)

F1G. 5 — TYPICAL CURVE OF THE CYANOGEN BANDS AT 3883 A.
RECORDED WITH THE AUTOCOLLIMATION CAMERA (¥ 20)

showing three different qualities of the optical system.
It is possible, by visual evaluation of the resolution
of this pair of lines, to clearly discern useful prism
sets (right) from faulty ones, perhaps with striations
or strains (centre and left). The curve in Fig. 5 gives
an idea about the resolution of the cyanogen band
at 3883 A.  The double-peaks are attributable to car-
bon isotopes. They correspond to wavelength differ-
ences of 0:066 A. and thus to a resolving capacity
R = A|AX = 59,000.



Ionospheric Absorption & Electron Collisional Frequency

in the F Region

Y. S. N. MURTY#*, R. N. SINGH & S. R. KHASTGIR?

Banaras Hindu University, Varanasi

Manuscript received 1 June 1959

The total absorption of radio waves proceeding vertically upwards through
the E layer and suffering reflection from the F layer has been determined over
a range of frequencies from nearly 3 to 7 Mc/s. by measuring the most probable
values of the signal amplitudes of the first and second orders of ionospheric
reflection. In some measurements, continuous photographic records of the
signal amplitudes of the first and second orders of ionospheric reflection have
been simultaneously taken and the method has proved useful for the quick and
accurate study of the variation of the ionospheric absorption with frequency.

The electron collisional frequency (v) in the F region has been calculated by
applying Appleton’s modified formula (connecting the electron collisional fre-
quency with reflection coefficient and group path) near the critical penetration
frequency. The mean value of » in the F region has been found to be 4 kc/s.

which agrees well with the values obtained by other workers.

N the present communication some experimental
results on the total absorption of the radio waves
in an ionospheric region over a range of frequen-

cies using pulsed transmission at vertical incidence .

have been reported.  Also, a description is given as to
how the effective electron collisional frequency in the
F region of the ionosphere over Varanasi is obtained,
following the method of Appleton! and based on his
formula relating the apparent reflection coefficient of
an ionospheric region with the difference between
the group and the optical paths within the region.

Measurement of absorption

In the experimental study of ionospheric absorp-
tion with vertically directed radio pulses of short
duration, the total absorption is obtained from the
apparent reflection coefficient of the ionospheric
region determined directly from the observed signal
amplitudes of the first and second orders of iono-
spheric reflection.  As there is often appreciable fading
of the radio signal, the usual procedure? is to take the
arithmetic mean of a large number of varying signal
amplitudes observed at regular short intervals over
a certain length of time. In the present experiments
carried out between 0500 and 0600 and between 2130
and 2300 hrs IST, the most probable values of the

*Present address: Defence Science Organization, New
Delhi.
tPresent address: University Science College, Calcutta.

signal amplitudes were taken instead of the arith-
metical mean values and the apparent reflection co-
efficient (P) of the ionospheric region was obtained from

p=2Es L. 1)
E,
where E; and E, were the most probable values of the
signal amplitudes for the first and second orders of
ionospheric reflection. The total absorption of the
waves as expressed in db. was then obtained from

k= —20logyyP .. ... ...... (2)

over a range of frequencies from 3 to 7 Mc/s.

In a few sets of observations, simultaneous fading
records of the first and second orders of reflection were
taken continuously on the same photographic film
and the amplitude distribution curves were drawn
from the fading records to find the most probable
values of the signal amplitudes. It is evident that
this method of taking simultaneous and continuous
photographic records of the first and second orders
of the ionospheric reflections for a number of frequen-
cies over a range is much quicker than the method of
taking isolated observations at regular short intervals
for the different frequencies within the range and is
suitable for studying absorption during periods where
the ionospheric ionization changes rapidly.

The frequencies employed in this investigation are
greater than the critical penetration frequency of the
E layer at the time of the experiments, so that the
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observed reflections are from the F region. As the
ordinary magneto-ionic component is much stronger
than the extraordinary component for these frequen-
cies, the weak extraordinary echo is well covered by
the strong ordinary echo, so that the height of the
unresolved F echo could be taken as the amplitude
of the ordinary component. Thus, the total absorp-
tion suffered by the ordinary component in the iono-
spheric region is obtained from the determination of
the apparent reflection coefficient of the I¥ region,
for the range of frequencies under investigation.

Results

The signal amplitudes of the first and second order
echoes at regular intervals of 10 sec. were noted for
about 2 min. The apparent reflection coefficient
of the ionospheric region as obtained from equa-
tion (1) was used in finding the total absorption
of the waves. The results of three different sets
of observations are shown in Fig. 1. Two typical
records of simultancous reading of the first and
second order echoes on a frequency of 3-8 Mc/s.
are depicted in Figs. 2A and 2B. The most pro-
bable values of the signal amplitudes of the first
and second order echoes in Fig. 2A as obtained
from the amplitude distribution curves drawn for
the purpose, gave the values of the apparent re-
flection coefficient of the F region and the total
absorption as 0-8 and 1-9 db. respectively. The
corresponding values obtained from Fig. 2B are
0-343 and 9-3 db. The maxima and minima in
Fig. 2B are evidently due to the steady drift of the
F region irregularities.

20FEB.1958

Discussion

Explanation of the absorption curves — To explain
the variation of the observed ionospheric absorption
during early morning hours (before sunrise) and early
night hours with the frequency of the exploring radio
waves, it is to be noted that the overall ionospheric
absorption is due to (i) collisional loss in both the non-
deviating and the deviating regions of the ionosphere,
(i) loss due to partial reflection, and (iii) losses due

20
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FIG. 2 — SIMULTANEOUS FADING RECORDS OF THE FIRST AND SECOND ORDER F ECHOES
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to scattering from ionospheric irregularities, of which
the contribution due to the collisional loss is the most
important. Considering the collisional loss alone,
it is expected that for frequencies slightly higher than
the critical penetration frequency of the E layer, the
decrease of the mnon-deviative absorption with fre-
quency would be more than the increase in the devia-
tive absorption in the F region, so that the combined
absorption would decrease with frequency and that
at frequencies midway between the critical penetra-
tion frequencies of the E and F regions, the decrease
of the non-deviative absorption would be almost
balanced by the increase of deviative absorption, so
that the combined absorption would be more or less
constant over the middle region. As the critical
penetration frequency of the I region is approached,
the increase of deviative absorption would prepon-
derate over the decrease of non-deviative absorption
with frequency and the observed absorption curve
would show a distinct rise tending towards a large
value at the critical penetration frequency of the
F region. In the absorption curves shown in Figs.
1A and 1B, the initial increase in the observed absorp-
tion is to be attributed to the presence of the sporadic
E region, where partial reflection is expected at fre-
quencies in the neighbourhood of the critical penetra-
tion frequency of the sporadic E region, giving rise
to an increase in absorption®. The presence of the
sporadic E echo was confirmed, on frequencies be-
tween 3 and 4 Mc/s., at the time of the absorption
measurements.

Estimation of the electron collisional frequency
Our measurements of the electron collisional fre-
quencies in the F region were based on the formula
of Appleton!:

logp= (P P).......... :
og P 5 ( ) 3)

C

where P' and P are the group and optical paths,

P the apparent reflection coefficient, ¢ the velocity
of light and v the electron collisional frequency,
which is very much less than the frequency f of the
exploring wave. This relation was also expressed
in the differential form:

Thus by determining the apparent reflection co-
efficient for two different frequencies near the critical
penetration frequency of the F region from the most
probable values of the amplitudes of the first and
second order echoes and finding the change in the
group path corresponding to the frequency difference,
the electron collisional frequency was found with
the help of equation (4). According to our measure-
ments, the mean value of the electron collisional fre-
quency in the I region was found to be 4 kcfs.
agreeing well with the values obtained by other
workers*.
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Recent developments in molecular and allied devices for the generation
and amplification of microwaves are briefly reviewed. Simple expositions
of the principle of operation and representative experimental arrangements

of the Maser and the Mavar type of devices are given.

The possibilities of

developing devices using plasma interaction and Cerenkov radiation are
also briefly outlined. The relative advantages and disadvantages of the
various classes of devices and their present states of development are critically

discussed.

netrons, travelling wave tube amplifiers or

backward wave oscillators for the microwave
band are composed mainly of two parts, viz. (a) a
delay line and (b) an electron beam. The delay line
supports a slowly moving electromagnetic field, and
d.c. energy from the electron beam is transferred to
the a.c. field through suitable coupling provided
between the two. The constructional features, how-
ever, have two disadvantages. Firstly, with the
increase of the operating frequency the elements of
the delay line become extremely small making their
fabrication difficult. Secondly, the electron beam,
which is derived from a hot cathode, introduces
appreciable amount of noise, and this limits the
sensitivity of the device. In recent years investi-
gations have been made to develop active elements

CONVENTIONAL active elements like mag-

which are not subject to the above two limita- -

tions. Several different methods of generation
and amplification of microwaves have already
evolved out of these investigations. These methods
almost invariably involve transference of energy
to the desired field through energy stored in
a molecular system. The purpose of this article
is to report in brief the results achieved so far
with these methods. To save space the discussions
will be made only in general terms and description
given of a few typical experimental arrangements
suggested so far.

Classification of the molecular devices

Of the various methods suggested for the construc-
tion of active microwave elements free from the
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limitations of conventional microwave tubes, the
most promising are the following two: (a) microwave
amplification by stimulated emission of radiation
(Maser) and (b) modulated amplifier by variable
reactance (Mavar) or the parametric amplifier.

Apart from the Maser and the Mavar, devices
involving the use of plasma oscillations and the
Cerenkov radiation have also been suggested. In-
vestigations on these two methods have, however,
to the knowledge of the authors, been so far largely
theoretical. Turther, their performance as regards
noise is still somewhat obscure. These can, therefore,
be considered very briefly at this stage.

Microwave amplification by
stimulated emission of radiation

Basic physical principles — Consider a molecular
system with a series of discrete energy levels E,, E,,

Egysvsvinss , E,—E; being the ground state and
§ M 5 , E, the outer states in the order of
increasing energy content. The number of molecules

Ny, N,, Nj,......... N, in these various states, under
condition of equilibrium would follow a Boltzmann
distribution law so that

Ny > Ne> owsw >Ny
Under this condition, there would be a net absorp-
tion of an incident radiation flux of frequency fi
given by
_ Ey—E,
The situation is, however, different if the molecular
system is exposed to a stimulus that disturbs the
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condition of thermal equilibrium leading, for example,
to a new distribution with

Ny > N

the primes denoting the population densities in the
disturbed state. A radiation flux of frequency f,
will now cause more molecules to make transition
from the higher to the lower energy state than in the
reverse direction. There will then be a net release of
energy which will add to the incident radiation field
and result in amplification. This, in brief, is the
basic theory of action of a Maser.

Depending upon the method of upsetting the
condition of thermal equilibrium, a Maser may be of
several types. The more important ones of these
are: (a) two-level Masers and (b) three-level Masers.

Two-level Masers — The first two-level Maser using -

ammonia was built at Michigan in 1930 employing
the phenomenon of ammonia inversion. Townes! and
his co-workers, in 1955, used the same phenomenon
to construct the first useful Maser. (Incidentally,
the term Maser is also due to these authors.) It is
known that the ammonia molecule is of pyramidal
form with the three hydrogen atoms at the corners
of the base and the nitrogen atom at the apex.
The nitrogen atom may be either at a point on one
side of the base or at its mirror image due to the
base. These two positions represent two different
energy states*. Emission or absorption associated
with the so-called inversion phenomenon takes place
when the N-atom changes place from one of these
positions to its image on the other side of the base.
Normally, in an assemblage of ammonia gas, the
N-atoms mostly occupy the position corresponding
to the lower of these two states. It is, however,
possible to sort out the molecules in the higher energy
state by taking advantage of the fact that the two
types of molecules are polarized oppositely with
respect to an external electric field. This was done
by Townes and his co-workers by using the molecular
beam technique in the manner shown in Fig. 1. - The
lens gives a non-uniform electric field in which the two
types of molecules drift in opposite directions — the
excited ones moving towards and the normal ones
away from the axis. The axial part of the beam with
the excited molecules is separated and allowed to
interact with a cavity. A weak source of signal of
frequency equal to that of ammonia inversion sets up
a field in this cavity and this stimulates a transition of
the excited molecules to the ground state in a coherent
manner before they can relax to that state in the
normal way. The radiation amplified occupies a
narrow band of frequencies around 23,870 Mc/s.

*For simplicity, the various possible vibrational states have
been disregarded.

OUTRUT GUIDE

INPUT GUIDE

Masers of the type described above have inherently
low noise figure*8 (the lowest noise figure reported
is as low as 1 db.), have a narrow bandwidth and
give extremely low power —a few millimicrowatts
at the most. As oscillators*!*, Masers possess a
very good frequency stability —1 in 10° — which
makes them suitable for use as standards of frequency.

Three-level Masers — Basov and Prokhorov!® pro-
posed a ‘ three-level ° Maser in 1955. Their study
was, however, confined to the gas type Maser. The
more practical form of this — the solid state Maser —
was first .proposed by Bloembergen'® and operated
successfully by Scovil et al'?. To understand its
working we consider a solid that gives a system of
discrete energy levels E,, E, and E; with N,, N, and
Ng particles in the equilibrium state!® (Fig. 2).
Obviously,

N; > Ny > Ny

An increase in the density created in the upper state
E, by some disturbing agency would normally decay
to the equilibrium value after some time which is
determined by the so-called ‘time of relaxation’.
With a sustained disturbing agency, the density at the
higher state would be governed by the strength of
this agency on the one hand and time of relaxation
on the other. In a three-level solid state Maser, a
strong disturbing field from a source — called the’
‘pump’—at a frequency f,3 is applied so that
transitions from state 1 to 3 occur at a rapid rate.
The relaxation time is simultaneously increased to a
fraction of a millisecond by cooling the sample. This
helps to create a condition such that

N3 > N,
Stimulated emission may now be obtained at the
frequency
Ey—E,
Jog= T

by applying a weak field at the same frequency.
Amplification of this latter field, therefore, results.

One can also introduce in the solid a suitable im-
purity that causes most of the particles excited to
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state 3 to make an immediate transition to state 2
so that
2 > Ny

Amplification of a signal at the frequency f;, can,
therefore, be obtained. It is to be noted that the
process of amplification consists essentially in pump-
ing into the signal a portion of the power delivered
by a source working at a different frequency.

It is clear that the solid used must provide discrete
and non-equispaced energy levels. The solids found
suitable for this purpose belong to the class of para-
magnetic salts. The required energy states are
provided by the alignment of the spins of the un-
paired electrons in these solids with respect to an
externally applied magnetic field. One of the exten-
sively used!” solids is lanthanum ethyl sulphate with
0-5 per cent of non-magnetic La ion replaced by
paramagnetic gadolinium ions [La(Gd)(C,H;SO,)s,
9H,0]. Cerium impurity to the extent of 1 in 500
has been found to be useful for Maser action. An-
other material used!®-22 is the crystal of cobalt potas-
sium cyanide [K3Co(CN)g] with 0-5 per cent Cr.
Under the normal condition of operation the power
of the so-called ‘' pump’
ciently high value so as to attain the condition
Nj= N;—the ‘condition of saturation’ as it is called.
This ensures the optimum of output and a minimum
of noise contributed by spontaneous fluctuations of
population in the various levels.

The basic experimental arrangement?3 for a three-
level Maser is shown in Fig. 3. The disturbing
“pump ' field, which is of higher frequency, is fed
through a section of waveguide and the signal through
a piece of strip line. The guide is of silver-plated
stainless steel to reduce both the r.f. and the heat
losses. The circulator device for isolation between
the input and the output cavity is shown separately.
In a typical operationl” with H = 2850 oersted in-
clined at 17° to the crystal axis, f;; was 17,500 Mc/s.
and f;, was 9000 Mc/s.
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is maintained at a suffi- .

The outstanding advantage of a three-level Maser
over a two-level one is that while the latter is essen-
tially a fixed frequency device, the former is tunable
over a fairly good frequency range — its frequency of
operation being a function of the magnetic field
(about 2-8 Mc/s. per oersted for the arrangement
shown in Fig. 3). Bandwidth is, therefore, much
larger here — limited in practice by the Q of the
resonant system. A bandwidth of 10 Mc/s. with
10 db. gain has been reported®* while a value ot
several 100 Mc/s. has been achieved with lower gain.
Typical output is 107410 W. Noise temperature
of a few °K. is usual?»?® — in sharp contrast with the
value of the order 102°K. for conventional tubes.
Noise can be reduced indefinitely by increasing the
pumping power and by reducing the temperature.
Unfortunately, the full benefit of the extremely low
noise figure, thus obtained, cannot be utilized as the
associated circuit elements, e.g. the feeder lines,
contribute more noise than the Maser itself2”2, As
such, from the point of view of noise alone it is not
necessary to operate the Maser at extremely low
temperature. However, low temperature helps to
improve the gain-bandwidth product which varies
inversely as the temperature.

The system described above can be made to oscillate
by increasing the pumping power level to a high
value. In the above example, 15 microwatts of
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power at 9000 Mc/s. was obtained with 0-2 W. of
pumping power.

Parametric amplifier or the Mavar

Basic physical principles — In the Mavar, a reso-
nant circuit is coupled to a non-linear energy storage
element whose value is made to vary by a source
working at a different frequency. Energy is extrac-
ted from this latter source and transferred to the
resonant circuit. The mechanism of transfer is pro-
vided by the bound electrons contained in the mate-
rial. Nevertheless, amplification may be explained
in classical terms involving constants of the bulk
material or, in other words, in terms of the concept of
equivalent circuit parameters and hence the name
¢ parametric *. A more recent and descriptive term

is the acronym Mavar (modulated amplifier by.

variable reactance, suggested by Weiss).

The principle of operation of a Mavar using a
mechanical system had been given as early as 1883
by Lord Rayleigh®. A later study using an electro-
mechanical system is due to Hartley*® who gave a
set of general relations between the power and the
frequencies of oscillations. The study had been
extended and put on an elegant theoretical founda-
tion by Manley and Peterson®* and by Manley and
Rowe®. These studies showed that when oscillations
of two different frequencies f, and f; (f, > f,) are
simultaneously coupled to a non-linear reactance a
series of frequencies mf, 4 nf, (m and n positive
integers) are generated. Considering a simple system
in which only f, 4 f,=f, and f, —f,=f_ may be sus-
tained, Manley and Rowe gave the following power
relations:

PlZ _ 4P : “Pﬁ i

f; = f— f~— .......... (1)
and S=——_T = (2)

. P MRERAL SR

positive P denoting power leaving the reactor and
negative P the power absorbed by it. Since P, and P __
are always positive it is apparent from (1) that power
is always absorbed at the frequency f,. TFor oscilla-
tions at the lower frequency f; the position is more
interesting. If only the sum frequency £, is sustained
and the difference frequency f_ is completely sup-
pressed, then P, is negative' and power at f, is absorbed.
Under such a condition

showing that power generated at the sum frequency
is f,/f; times the power absorbed at the signal fre-
quency. This provides the basis of the so-called up-
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F1G. 4 — EQUIVALENT CIRCUIT OF A MAVAR AMPLIFIER
(A) WiTHOUT AND (B) WITH THE IDLER CIRCUIT ADDED

converter mode of operation® of the Mavar. If,
however, oscillations at f_ are sustained and those
at f, completely suppressed, we find that P; is posi-
tive showing that the reactor supplies power at the
frequency f,. Bearing equation (1) in mind, one can
say that the reactor in the presence of a circuit sus-
taining the difference frequency f_ absorbs power from
the source at f, and delivers a part of it to build up
oscillations at the frequency f,. In terms of the
language of circuitry, the non-linear reactor con-
trolled by the source at the higher frequency effec-
tively couples a ‘ negative resistance ’ to the circuit
supporting the lower frequency f. This provides
the basis of the so-called ‘ negative resistance * mode
of operation of the Mavar. The same result is
obtainable by sustaining any of the other difference
frequency components mf,—nf,. In principle the
‘pump’ can have any frequency greater than f.
But best results are always obtained with a degene-
rate frequency relationship, i.e. f, = 2f,.

For the negative resistance type of Mavar, an
auxiliary circuit sustaining the difference frequency
is needed. This is called the ‘idler circuit’. The
source at frequency f, which is the ultimate source of
power is called the ‘ pump ’ and plays the role of the
h.t. supply of the conventional vacuum tube amplifier.
Figs. 4(A) and 4(B) show the equivalent circuit of a
Mavar amplifier without and with the idler circuit
respectively.
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Since the ohmic resistance in the signal circuit is
neutralized, the only noise that is significant is that
contributed by the demodulator in the case of an up-
converter Mavar and by the idler circuit in the case
of a negative resistance Mavar.

Experimental Mavars with promising performances
have been rteported®** by several investigators.
These involve the use of (a) ferrites providing a non-
linear inductor, (b) reverse biased semiconductor
diodes ‘giving a non-linear capacitor’ and (c) a
modulated electron beam providing a mnon-linear
inductor or a capacitor.

Ferromagnetic Mavar — A negative resistance
ferromagnetic Mavar usually employs a ferrite as
the non-linear inductor®®*, Three different modes
of operation are possible with such an clement.
These are the magnetostatic, the semi-static and
the electromagnetic modes.

In the magnetostatic mode*® of operation, the signal,
the pump and the idler frequencies are chosen to equal
three of the so-called magnetostatic resonance modes
of the ferrite sample in an appropriate d.c. magnetic
field. The pump frequency is selected to equal the
uniform precession frequency defined by w, = YH,,,
where Y is the gyromagnetic ratio. The remaining
frequencies f; and f_ are also sustained by the ferrite
sample satisfying the condition of parametric ampli-
fication. The magnetostatic modes are, however,
varied and many and a large number of pairs whose
frequencies.add up to w, are possible. This involves
the possibility of pick up and wastage of power in the
modes having undesired frequencies.

In the semi-static mode, the ferrite sample is placed
in a cavity which is resonant to either f; or f_, oscil-
lations at the other frequency being sustained by the
ferrite — one magnetostatic mode of which has an
identical frequency. The value of the applied d.c.
magnetic field is adjusted to excite a uniform preces-
sion frequency equal to the pump frequency f, — the
latter being so chosen that no two magnetostatic
modes can add up to the pump frequency.

DIRECTION OF
MAGNETIC FIELD

FERRITE DISKS AT
TOP ANO BOTTOM

cAITY

F1G. 5 — SKETCH OF A TYPICAL FERROMAGNETIC MAVAR
OPERATING IN THE ELECTROMAGNETIC MODE
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Fic. 6 ARRANGEMENT OF A NEGATIVE RESISTANCE TYPE
PARAMETRIC AMPLIFIER USING A REVERSE BIASED DIODE

TUNING SCREW,

In the electromagnetic mode a cavity is used
that is simultaneously resonant to f; and f_. The
only magnetostatic mode used is the once having the
uniform precession frequency o,

For practical manipulation, an electromagnetic
mode of operation is the best, although, for the same
output, the magnetostatic mode requires much less
pump power. Fig. 5 shows a typical ferromagnetic
Mavar® operating in the electromagnetic mode with
a ‘pump’ frequency of 9000 Mc/s. and signal fre-
quency of 4500 Mc/s. Signal power is coupled to a
shielded strip line cavity, half wavelength long, by
means of a coaxial probe and pump power is fed into
the device through a waveguide orthogonal to the
strip line. Manganese ferrite discs at the top and
bottom of the strip line near its centre support
the pump frequency when a magnetic field is applied
at an angle of 45° to the strip line as shown in
Tig. 5. Gain of the order of 8 db. is realizable
and, with high values of pump power, oscillations at
4500 Mc/s. have been observed.

Variable capacitance Mavar — Heffner and Kotze-
bue3> have described a negative resistance Mavar
using the non-linear junction capacitance of a reverse
biased diode. The device shown schematically in
Fig. 6 consists essentially of a rectangular cavity in
which the diode (zero bias capacity = 1 upF. and
spreading resistance = 5Q) is placed between central
posts.  With the help of tuning screws, the cavity
can .be made simultancously resonant at 3500, 2300
and 1200 Mc/s. The pump frequency, 2500 Mc/s.,
is coupled to the cavity by means of a loop, and two
probes are provided to serve as signal-in and signal-
out terminals at cither the 1200 Mc/s. or the 2300
Mc/s. resonance, the coupling for the former being
made stronger. With pump power up to 100 milli-
watts, amplification is obtainable; beyond this, the
device oscillates at both the frequencics. Net gain
up to 40 db. has been obtained. The bandwidth
at 19 db. gain is 1-0 Mc/s. The saturated power
output is 1-5 milliwatts and noise figure less than
4-8 db.
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Recently Brand et al.3% have constructed a negative
resistance amplifier using two diodes in a balanced
hybrid system. A noise figure of 2-7 db. has been
achieved.

In a typical up-converter arrangement duc to
Herrmann ¢t al.®® the signal is introduced at 460
Mc/s. and the ‘ pump " at 8915 Mc/s. The output at
the sum frequency, viz. 9375 Mc/s., was detected by a
superheterodyne receiver using balanced point con-
tact crystals. Gain obtained was 9 db. and the noise
figure was 2:0 4- 0-5 db. Broad band amplification
as predicted by theory has not, however, been
achieved.

Uhlir#* and others have developed special types of
diffused junction diodes with the high and right
degree of non-linearity of the junction capacitance
and it is with such diodes that once can achieve
good Mavar action.

Electron beam Mavar — Bridges®® has utilized an
electron beam to produce Mavar action. It is well
known that if an clectron beam is made to pass
through a cavity containing two equal gaps separated
by a drift space L, an effective impedance is produced
by the beam across the cavity which is a function of
the drift angle «. For values of « == an radians,
where n is any integer, the beam presents a pure
reactance which can be varied by modulating the
clectron beam. In Bridges' arrangement, shown in
Fig. 7, this is done by passing the beam through a
cavity resonant to the pump frequency which, for
simplicity and better gain, is made equal to twice the
signal frequency. The noise figure of the device is
improved by making « = (2n 4 1)r radians, so
that induced noise current components at the
signal frequency at the two gaps are equal in ampli-
tude but opposite in phase and, therefore, cancel out.
An experimental tube built on this principle with a
pump frequency of 8300 Mc/s. and signal frequency of
4150 Mc/s. produced a gain of 20 db. at a power level
of 140 milliwatts.

Another type of Mavar, similar to the above
but emploving space charge waves imposed on a

modulated electron beam, has been suggested by
Adler®® and others®-%2, When an electron beam is
modulated by an r.f. signal, a pair of travelling space
charge waves, one called the slow and the other the
fast wave, are produced. In conventional travelling
wave tubes, the former is utilized to produce gain.
This, however, sets a minimum limit for the noise pre-
sent in such devices. While the fast wave component
does not set such a limitation, it cannot provide gain
through conventional travelling wave interaction.
A device has, therefore, been suggested which employs
the fast wave interaction only in its input and output
sections, the amplitude of the wave in between being
increased by parametric amplification. This can be
accomplished by modulating the beam with the help
of a pump oscillator as a result of which the fast wave
grows exponentially with distance along the beam
at the expense of the pump power. Practical
Mavars based on this principle have been constructed
by Adler®® and Adler et al.*. '

It may be noted that electron beam type of Mavars
are not actually of molecular type although these
work on the same principle.

Travelling wave devices

As has been stated already, present-day Masers
possess comparatively limited bandwidth, of the
order of 1 to 10 Mc/s. This is a consequence of the
sharp resonance of electron spin systems. A straight-
forward way to increase the bandwidth would, there-
fore, be to place the material in a non-uniform
magnetic field so that the resonant frequencies are
distributed. A suggested® approach to the prob-
lem is to make use of the non-uniform d.c. field of a
few hundred gauss around a straight wire carrying
a current of a few amp. The wire has a helix
wound around it, supporting a travelling r.{. field as
in a travelling wave tube and both the wire and the
helix are embedded in a paramagnetic salt at 4°K.
(Fig. 8). Pulsed changes of current direction in the
centre wire will now periodically activate the ampli-
fier by the same technique as discussed previously.

Increased bandwidth through travelling wave
interaction has also been achieved with a variable
capacitance Mavar. Thus, Engelbrecht® of the Bell

6. 8

SCHEMATIC DIAGRAM OF A TRAVELLING WAVE MASER
USING A PARAMAGNETIC SALT
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Telephone Laboratories has described an experimental
travelling wave amplifier using four stages of diodes
arranged in tandem and in such a phase relationship
that a growing wave is generated as the signal travels
down the line of successive stages. This arrangement
was found to give a bandwidth of 20 Mc/s. at a
signal frequency of 400 Mc/s. Gain achieved was
10 db. with a noise figure of 3-5 db. only.

Cullen® and others® have proposed various forms
of travelling wave Mavars using non-linear inductance.
These devices are, however, still in a very early stage
of development.

Amplifier with low frequency pumping

The use of a high power pump source at a higher

frequency puts a limitation on the operation of the .

Maser or the Mavar higher up in the frequency
spectrum. This drawback may be removed by using
two or more pump sources at frequencies lower than
f- In order to achieve this with a Mavar, use has to
be made of a reactance having a higher than quadratic
order of non-linearity. The frequency relationship
in this case, according to Bloom and Chang®, would
be as shown in Fig. 9. Chang® and Chang and
Bloom® have successfully tested the practicability
of such an arrangement in the u.h.f. range. Chang
used both a Ni-Mn ferrite as a non-linear inductor
and a reverse biased diode as a non-linear capacitor.
With the diode and with f, =380 Mc/s., f,, and f,
=300 Mc/s., and f; = 220 Mc/s., a stable gain of 20
db. was obtained with 30 milliwatts of pump power.
Sustained oscillations were obtained when the gain
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exceeded 40 db., the output power being 1 milliwatt.
The noise figure was nearly 10 db. and the bandwidth
0-3 per cent.

Devices based on plasma interaction

As mentioned already, most of the work®”*! relating

to plasma oscillations as source of microwaves are
theoretical and are extensions of the discussions of the
original work of Bohm and Gross®. These discus-
sions have established the possibility of growth of
the so-called electrostatic type of plasma waves and
of generating sustained oscillations in a plasma
through interaction with an electron beam shot into
the same. It has also been shown that regenerative
feedback required for oscillation may be achieved by
using a plasma of such a length that standing waves
are produced, the reflected component of waves sup-
plying the feedback. Some experimental evidence®
in support of these deductions has also been reported.

The most serious difficulty in the way of construct-
ing a practical plasma oscillator in the millimetre
waveband is the high input power required to main-
tain the requisite plasma density in a gaseous dis-
charge. This difficulty is not so serious with a plasma
in solid, but unfortunately, attenuation and colli-
sional damping of waves in solids constitute a major
disadvantage of a device using solid state discharge.

A somewhat different approach to the use of a
plasma for generating microwaves consists of utilizing
shock-excited plasma of short duration in a reverse
biased p-n junction®. From the characteristic of
such a junction (Fig. 10) it is noted that the portion
marked AB is the region where a breakdown occurs.
One of the ways in which a breakdown can occur is
through the so-called avalanche effect®#. In this,
an intense localized field in the depletion layer of the
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F1G. 10 — CHARACTERISTIC OF A REVERSE BIASED P-N JUNC-
TION
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junction causes a nearby clectron to gather cnergy
sufficient for initiating a chain process of formation
of electron-hole pairs. Unfortunately, in ordinary
junctions, all impurity centres are not identical and
are also scattered at various places of the junction
and the breakdowns at these various centres are not
coherent. In recent years, specially designed junc-
tions have been described®® for which the breakdown
occurs as a whole through a single micro-plasme
giving rise to a narrow current pulse and it is possible
to generate microwave signals by utilizing a har-
monic of such pulses. Moll, Uhlir (Jr) and Senitzsky®,
using the arrangement shown in Fig. 11, successfully
produced an avalanche effect in a specially designed
silicon diode and obtained a signal at 3000 Mc/s., the
microwave pulses being generated at the onset of the
breakdown current. The duration of the pulses was
c. § microsec. and the power was 32 db. above the
noise power. Simple calculation showed that this
was also the theoretically expected value.

Devices based on Cerenkov effect

It was Ginsburg®” who had first suggested in 1947
that the Cerenkov effect could, in principle, be used
to produce microwaves. One of the main difficulties
was that such a source would give a continuous
spectrum whereas in most radio applications, oscil-
lators running on a single frequency are desired.
Again, the radiation emitted would be incoherent
leading to very little useful output. A way out of
the first difficulty is to use circuit or resonator systems
having definite modes so that the cnergy of the
Cerenkov radiation will be concentrated into these
modes, resulting in a line rather than a continuous
spectrum.  Using conventional transmission line and
circuit theory, Pierce® has considered the effects of

the interaction of charges moving close to distributed
circuits and has shown that the Cerenkov radiation
is an example of a transfer of energy from a moving
charge to a dispersive circuit when the velocity of the
former is equal to the wave velocity of the circuit.
Regarding coherence, proposals have been made of
using a highly bunched electron beam.

The first experimental investigations for the gene-
ration of microwaves utilizing the Cerenkov effect
were carried out by Danos et al.® in 1953. In their
arrangement, a flat electron beam, bunched at a
frequency of 24,000 Mc/s., was allowed to pass as
closely as possible to the surface of a dielectric
material (polycrystalline TiO,). Radiation from the
dielectric was picked up by a microwave horn and
detected with a crystal diode. Approximately 107
watt of Cerenkov radiation at a wavelength of 1:25
cm. was obtained.

Recently, a slightly different type of a microwave
generator utilizing the Cerenkov effect has been
constructed by Minakova and Volkova at the Univer-
sity of Moscow. In the arrangement used by them,
clectrons move freely through a narrow hole drilled
in a suitable material, the radius of the hole being
small compared to the wavelength of the Cerenkov
radiation. The first experimental model generated
waves in the 2-10 cm. band and had an output of
only a few milliwatts. Generators of shorter waves
are stated” to be under development.

Conclusion

The developments of the Maser and the Mavar for
generation and amplification of microwaves have
opened up one of the most promising avenues of
investigation in the field. Their outstanding advan-
tages are the extremely low noise figure and the
possibilities of application in the domain of sub-milli-
metre waves. The former enables one to detect very
weak signals —as for example those from extra |
terrestrial bodies. The latter holds out promise for
bridging the gap between the infrared and the con-
ventional microwaves.

From the standpoint of noise alone Masers appear
to give the most suitable method. Nevertheless,
their constructional complexities, e.g. use of d.c.
magnetic field and cooling arrangement, as also their
extremely low power output, are great disadvantages
from the practical point of view. Further, a tunable
Maser, like the three-level one, makes use of para-
magnetic resonance, and a good amount of research
on paramagnetic materials is required before Masers
can be adapted for use over an appreciable range of
frequencies. Frequency stability of Maser oscil-
lators is, however, good and these will certainly find
use as standards of frequency although other types of
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standards with much better frequency stability have
been successfully constructed.

Mavars give quite good power output. In.respect
of noise, however, the ‘ negative resistance ' type is
worse than Masers. This drawback arises mainly
out of the noise generated in the idler circuit and it
has been suggested™ that cooling of this circuit might
be a remedy for this trouble. But that would again
make the whole arrangement a little awkward from
the practical point of view. Further, the ‘ negative
resistance© Mavars are also inherently unstable
devices; as such, the bandwidth of the system is res-
tricted. The up-converter mode of operation is free
from these troubles, but this requires the use of a
demodulator. Also, it is not possible to see how this
mode of operation can give a gain which is equal to
that obtainable with the ‘ negative resistance * mode.
One disadvantage of the Mavar is the use of circulator
for isolating the input from the output. The circu-
lator is a costly device and would make the system
expensive. A directional coupler is better in this
respect but it entails a higher insertion loss and
restricts the available power output. It may be
noted that the problem of isolation does not arise in
case of a Maser using a transmission type of cavity™",
Recently, a Maser amplifier system without requiring
any non-reciprocal element has also been proposed.

Travelling wave operation would overcome to a
great extent the bandwidth limitation of  negative
resistance” Mavars. Further, their noise figure,
although a little higher than that obtainable with
Masers, is still very low — lower at least than that of
the associated external circuit elements. With a
little progress towards achieving stability, it is likely
that Mavars with this mode of operation will surpass
the others in practical applications.

With regard to materials, the reverse biased junc-
tion diode appears to be the most promising one.

These are simple, compact, rugged, inexpensive and .

non-selective with respect to frequency. These also
give a higher degree of non-linearity which makes
them more suitable than anything else for four-level
operation using a lower pump frequency. Since a
pump frequency lower than the signal frequency is
convenient from the practical point of view, the
importance of this last advantage is significant.
However, the temperature sensitivity of these diodes
is still a practical difficulty. This remains to be over-
come. Other alternatives, e.g. ferrites, are compara-
tively free from this handicap. But an electron beam
type of Mavar is the best from this point of view;
it is also better suited to the existing tube making
techniques —a consideration which will also influence
considerably the course of future investigations on
Mavars.
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Plasma oscillations and Cerenkov radiation also
hold out promise of interesting developments, parti-
cularly in the sub-millimetre range. But many
practical difficulties have to be overcome before these
can yield results which can place them on the same
footing as Maser and Mavar in the field of microwave
electronics.

Acknowledgement
Thanks are due to Prof. S. K. Mitra and Profl.

J. N. Bhar for kindly going through the manuscript
and making suggestions for improvement.

References

1. Gornon, J. P., ZeiGer, H. J. & Towxngs, C. H., Phys.
Rev., 99 (1955), 1264.

2. Summoba, K., Takauasi, H. & Townks, C. H., [. phys.
Soc., Japan, 12 (1957), 686.

3. MuLLER, M. W., Phys. Rev., 106 (1957), 8.

4. WitTKE, J. ., Proc. Inst. Radio Engrs, N.Y., 45 (1957).

291.

5. STRANDBERG, M. W. ., Phys. Rev., 106 (1957), 617.

6. HELMER, ]. C., Phys. Rev., 107.(1957), 902.

7. Ausor, L. IE,, GrorpmaINE, J. A, Townes, C. H. & Wang,
T. C., Phys. Rev., 107 (1957), 1450.

8. Gorpox, J. P. & Wurrg, L. D., Phys. Kev., 107 (1957),
1728.

9. Ramsey, N. K., Phys. Rev., 78 (1950), 695.

10. Surmvopa, K., Wang, T. C. & Towxes, C. H., Phys. Rev.,
102 (1956), 1308.

11. Towngs, C. H., /. appl. Phys., 28 (1957), 920.

12. BonaNowmI, J., HERRMANN, J., PriNs, . DE & KaArTAS-
CHOFF, P., Rev. Sci. Instrum., 28 (1957), 879.

13. Javan, A. & Wang, T. C., Bull. Amer. phys. Soc., 2 (1957),
209.

14. WeLLs, W. H., /. appl. Phys., 29 (1958), 714.

15. Basov, N. G. & ProkHOROV, A. M., . exp. theor. Phys.,
U.S.S.R., 28 (1955), 249 (Translation: Soviet Phys.,
J. exp. theor. Phys., 1 (1955), 184].

16. BLOEMBERGEN, N., Phys. Rev., 104 (1956), 324.

17. ScoviL, H. E. D., Fenkr, G. & Semer, H., Phys. Rev.,
105 (1957), 762.

18. Javan, A., Phys. Rev., 107 (1957), 1579.

19. MCWHORTER, A. L. & MEeveRr, |. W., Phys. Rev., 109
(1958), 312.

20. KingstoN, R. H.,
(1958), 916.

21. MEVYER, J. W., Electronics (Engng ed.), 31 (1958), 66.

22. ArTMAN, J. O., BLoEMBERGEN, N. & SHAPIRO, S., Phys.
Rev., 109 (1958), 1392.

23. Scovir, H. E. D., Bell Lab. Rec., 36 (1958), 243.

24. Morris, R. J., KyHL, R. L. & STRANDBERG, M. W. P>,
Proc. Inst. Radio Engrs, N.Y., 47 (1959), 80.

25. WEBER, ]., Phys. Rev., 108 (1957), 537.

26. MCWHORTER, A. L., MEYER, J. W. & StrUM, P. D,
Phys. Rev., 108 (1957), 1642.

27. Arams, F. R. & KRraYER, G., Proc. Inst. Radio Engrs,
N.Y., 46 (1958), 912.

28. MCWHORTER, A. L. & Arams, F. R., Proc. Inst. Radio
Engrs, N.Y., 46 (1958), 913.

29. RAvYLEIGH, JouN WiLLiam StRUTT, Phil. Mag., Ser. 5
(April 1883); The Theory of Sound, Vol. I (Dover Publi-
cations, New York), 1945, 81.

30. HartLEY, R. V. L., Bell Syst. tech. /., 15 (1936), 424.

31. MANLEY, J. M. & PEtrerson, E., Trans. [mon.] Amer.
Inst. elect. Engrs, 65 (1946), 870.

32. ManLEY, J. M. & Rowg, H. L&, Proc. Inst. Radio Engrs,
N.Y., 44 (1956), 904.

33. UHLIR, A. (Jr), Proc. Inst. Radio Engrs, N.Y., 44 (1956),
1183.

34, Werss, M. T., Phys. Rev., 107 (1957), 317.

35. HEFFNER, H. & KorzeBuk, K., Proc. Insl. Radio Engrs,
N.Y., 46 (1958), 1301.

36. Branp, F. A., MaTttHEl, W. G. & Saap, T., Proc. Inst.
Radio Engrs, N.Y., 47 (1959), 42.

Proc. Inst. Radio Engrs, N.Y., 46



37.

39.
40.

I

in the same laboratory.

. HErrMANN, G. F., UeNxoHARA, M. & UHLIR,

. BrinGes, T.

. ASHKIN, \.,
52. Wabg, G. & ADLER, R., Proc. [ust. Radio IEngrs, N.Y .,

CHAKRAVARTI: DISTRIBUTION OF SUSCEPTIBILITIES OF A POPULATION

OcucHl, B., Kita, S., INnace, N. & Oxajivma, T., Proc.
Inst. Radio Engrs, N.Y., 47 (1959), 77.
A (Jr)

Proc. Inst. Radio I'ngrs, N.Y., 46 (1958), 1301.
LeeNov, D., Bell Syst. tech. J., 37 (1958), 989.
SALZBERG, B. & Sarp, E. W., Proc. Inst. Radio Fingrs,

N.Y., 46 (1958), 1303.

. UHLIR, A. (Jr), Proc. Inst. Radio Lngrs, N.Y., 46 (1958),

1099.
J.. Proc. Inst. Radio Engrs, N.Y., 46 (1958),
494,

. ADLER, R., Proc. Inst. Radio I:ngrs, N.Y., 46 (1958), 1300.
. ADLER, R., HRBEK, G. & Wabg, G., Proc. Inst. Radio

Engrs, N.Y., 46 (1958), 1756.

. Laxpbon, V. D., R.C.4. Rev., 10 (1949), 387.

. SunL, H., Proc. lust. Radio Engrs, N.Y., 44 (1956), 1270.
. SuHL, H., Phys. Rev., 106 (1957), 384.

. Sunr, H., /. appl. Phys., 28 (1957), 1225.

. WALKER, L. R., Phys. Rev., 105 (1957), 390.

. Lourserr, W. H. & Quartg, C. F., Proc. Inst. Radio Iingrs,

N.Y., 46 (1958), 707.
J. appl. Phys., 29 (1958), 1646.

47 (1959), 79.

. Smrru, W. V., L.B.M.J., 1 (1957), 232.
. ENGELBRECHT, R. S,

AIEE-IRE Solid State
Research Conference, Ohio State University, Ohio, 1958;
Proc. Inst. Radio Engrs, N.Y., 46 (1958), 1655.

55. CurLLeN, A. L., Nature, Lond., 181 (1958), 332.
. TieN, P. K. & Sunt, H., Proc. Inst. Radio Engrs, N.Y.,

46 (1958), 700.

Device

57.
58.
59.

60.

08.
69.

70.
71,

72.
73.

74.

BrooMm, S. & Cuang, K. K. N., /. appl. Phys., 29 (1958).
594.

CHANG, K. K. N,
(1959), 81.

Cuang, K. K. N. & Broowm, S., Proc. Inst. Radio Engrs,
N.Y., 46 (1958), 1383.

Bouwm, D. & Gross, E. P., Phys. Rev., 75 (1949), 1851,
1864; 79 (1950), 992.

Proc. Inst. Radio Engrs, N.Y., 47

. LamperT, M. A., ]. appl. Phys., 27 (1956), 5.
. Boyp, G. D., FieLp, L. M. & GouLp, R. W., Phys. Rev.,

109 (1958), 1393.

. Mott, J. L., UHLIR, A. (Jr) & SENITZSKY, B., Proc. Inst.

Radio Engrs, N.Y., 46 (1958), 1307.

. McKavy, K. G., Phys. Rev., 94 (1954), 877.

. WoLFF, P., Phys. Rev., 95 (1954), 1415.

. Reap, W. T. (Jr), Bell Syst. tech. J., 37 (1958), 401.

. GINSBURG, V. L., C.R. Acad. Sci., U.R.S.S., 56 (1947),

253. Translated by Defence Science Information
Service, Defence Research Board, Canada, T 103 R,
1954.

PIERCE, J. R., /. appl. Phys., 26 (1955), 627.

Danos, M., GeEscHwIND, S., LAsHINSKY, H. & van
TRIER, A., Phys. Rev., 92 (1953), 828.

TamwMm, 1. E., Times Sci. Rev., Winter 1958, 12.

HE¥FNER, H. & WaDE, G., J. appl. Phys., 29 (1958).
1321.

Stirch, M. L., /. appl. Phys., 29 (1958), 782.

S1EGMAN, A. E., Proc. Inst. Radio Engrs, N.Y., 45 (1957).
1737.

AUTLER, S. H., Proc. Inst. Radio Engrs, N.Y., 46 (1958),
1880.

Variations in the Distribution of Susceptibilities of a
Population

N. K. CHAKRAVARTI

Defence Research Laboratory (Stores), Kanpur

Manuscript received 11 October 1958

An attempt has been made to explain the nature of the variations, which occur
from day to day and in the same laboratory, of the distribution of the suscep-
tibilities of an insect or animal population to a drug or poison. A theory has
been proposed according to which there is a maximal dose at which every in-

dividual of a population succumbs.

That the theory is plausible has been shown

by an analysis of the data obtained by the author in an earlier investigation
[Seasonal variations in the mortality of Culex fatigans Weid exposed to DDT,
Proc. Indian Sci. Congr. (Forty-sixth Session), Pt III (1959), 22], in which it has
been shown that the variations are seasonal, even after making corrections
for the changes in temperature and humidity, and that the mean and the slope
of the dose-response relationship increase or decrease together.

T is well known that the distribution of suscep-
tibilities of an animal or insect population to a
drug or poison changes from day to day even

It is for this reason that in

any biological assay for estimating the potency of an

unknown preparation, a parallel experiment has to be

carried out with the reference standard.

It is not

permissible to make an assay with the standard
preparation, determine the dose-response relationship,
and use this relationship for assaying an unknown
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preparation at any subsequent time. The reason for
this is that the same relationship may not hold good
at any subsequent period. The dose-response rela-
tionship can only change when there is a change in
the distribution of the susceptibilities of the test
animal or insect population.

Sollmann? has referred to experiments by various
workers on the change in the susceptibility of both
cold-blooded and hot-blooded animals to poisons as a
result of changes in temperature. Jeppson ef al.?
and Munson et al.3 have studied the effect of changes
in temperature on the susceptibility of insects to
poisons. Bordas and Navarro?, Burnett® and Bar-
low and Hadaway® have studied the effect of changes
in humidity on the susceptibility of insect pests to
insecticides. Ranganathan and Koshi? have studied
the effects of temperature and humidity on the mor-
tality of mosquitoes by DDT. The effect of change
in the season on the mortality of the mosquito Culex
fatigans Weid exposed to DDT has been studied by
the author [Chakravarti, N. K., Proc. Indian Sci.
Congr. (Forty-sixth Session), Pt III (1959), 22].

Direct measurement of the susceptibility of an
animal or insect to a poison is generally not possible.
It is the effect of the administration of a drug or
poison that is observable. In quantal response
assays, where the effect is generally death, the ob-
servation is the percentage response to a given dose
of the poison. The hypothesis of log-normal distri-
bution of susceptibilities has provided satisfactory
explanations of the observed results. Even though
other transformations are available, and some may
have more theoretical justification, yet the assay
techniques developed and generally used are based
on the assumption of the ‘susceptibilities being log-
normally distributed. This assumption is made in
this study also. Since a normal distribution is, com-
pletely specified by specifying its mean and standard

deviation, when the susceptibility changes, both the .

means and standard deviations may vary.

In this paper a relationship is established between
the mean and standard deviation of the susceptibility
distribution. The importance of this relationship
to pest control measures arises from the fact that the
maximal effective dose of a poison is constant, no
matter what the season, temperature or humidity is,
provided the same insect population is considered.
However, if different populations are considered, or
if the insects develop resistance to the poison, the
population should be considered as different, and the
same maximal effective dose does not apply.

Theory

Let x be the logarithm of the susceptibility of an
individual of a population to a poison. Then « is
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distributed normally. Let the mean be m and
standard deviation ¢. If p be the proportion of
response to a dose C, then:

'bZ\/ler;jo exp. §-(x-—m)?20%}dx

log €

N \/IZ‘J )

(log C--m)lo

exp. (—2%/2)dz

x—m
where z=2__"
o

If Y is the normal equivalent deviate corresponding
to p, we have

log C—m 1 Lom
e e e Iop

a a a

Y

Hence the regression coefficient of ¥ on log C is 1/s.
If the dose-response relationship is

Y=a+Db log C

we have b=1Jo, or e=1/b.

Let the maximal dose be €¥, at which all the indivi-
duals succumb. If the dose is larger than X, every
individual will succumb. However, since the theore-
tical susceptibility distribution is assumed to be log-
normal, whose tail extends to infinity, it may be
considered that there is a fixed large chance p, for
response when this dose is administered. That is

1
bo= \/Z

Jﬂm exp. (—z%2)dz

(K—m)|c

-

If Y, is the normal equivalent deviate corresponding
to p,, we have Y,= (K—m)/o.

The hypothesis now put forward is that K remains
the same, whatever may be m or ¢.  Since p, is fixed,
Y, is fixed and can be considered as a constant.  Thus

K—m

Y,=——" or Yo=K
G

m or m=K-aY,

Thus m and o are linearly related. From any
particular assay, ¥ and the regression coefficient
b=1/S (where S is the estimate of o) are determined.
Hence, substituting these values

) 1 _
or, that & and 1/ are linearly related.

Verification of the theory

From studies on the distribution of susceptibilities
of insect or animal population to a drug or poison,
Chakravarti (loc. cit.) obtained a series of dose-



CHAKRAVARTI: DISTRIBUTION OF SUSCEPTIBILITIES OF A POPULATION

tesponse relationships. The seasonal indices of b and
LD-50 showed a marked similarity of movement.
For each of these relationships, the %, i.e. the mean
log dose values® were also determined. A regression
was fitted between s and % and the following equation
was obtained:

£=2-209 - 0-563S

The significance of the regression coefficient (Y,)
was tested (Table 1) and was found to be highly
significant.

TABLE 1 — ANALYSIS OF VARIANCE

SOURCE OF d.f. S.S. M.S. F

VARIATION
Regression 1 0-078 0-078 31-2%
Dev. from regres- 127 0-437 0-0025 —
sion
Total 128 0-515 — —

*Highly significant.
2.30

"3 +

w

Lo}

0 220 -

© .

o] e %

- .

E 2 o 4

& T ¥

Z 2.0 oo .\

18 - s

2.00) " b 1§ ¥ y
0.06 0.12 0.18 0.24 0.30

Yo=s

F1G. 1 -— GRAPH SHOWING THE DATA (S = 1/b VERSUS ¥) AND
THE FITTED LINE

The data with the fitted line are shown in Fig. 1.
It is clear that there is no apparent curvature, so that
no further subdivision of the sum of squares due to
non-linear components is necessary. This verifies the
theory.

Discussion

Since b= 1/o, when the slope is large, ¢ is small;
and when the slope is small, o is large. However,
when o changes, m changes in such a manner that the
least susceptibility of the population remains the
same. Hence, if the minimum dose of a poison to
obtain 100 per cent kill is worked out, it remains
fixed, even if the distribution of susceptibilities shows
a marked change, due to normal causes, namely the
changes in temperature, humidity, season, etc. This
presupposes that the insect population has not under-
gone any fundamental change. Hence, if other
factors are the same, the dose of insecticides to be
used in pest control operations is the same. But
other factors generally do not remain the same.
For example, Barlow and Hadaway® have found
that the availability of DDT on mud surfaces changes
with humidity. If it could be so arranged that the
availability of an insecticide at the surface, which
establishes contact with the insect pests, does not
change, a maximal dose which could be used in all
seasons, can be determined.
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Performance of a Pulsed Heat Exchanger
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Data are reported on the effect of pulsations on heat transfer efficiency.
Employing three heat exchangers the values for the overall heat transfer co-
efficient have been obtained over a wide range of Reynolds numbers and at fre-
quencies of 40, 81 and 160 cycles/min., the pulses being damped to various degrees

at each of the frequencies.

The results, which show that pulsations can be used

to improve heat transfer coefficients, are discussed in the light of the conflicting

data reported in the literature.

in a heat transfer equipment is to reduce the

film thickness of the fluid or, in an extreme
case, to break the film, thus decreasing the thermal
resistance across it. One of the methods for impart-
ing agitation is the use of pulsations or vibrations.
A notable patent on the subject is that of Andreas!
who employed a mechanically vibrated heat ex-
changer. There have also been other patents*® but
they provide little information.

The earliest reported data on the use of pulsations
to enhance heat transfer efficiency are perhaps those
of Martinelli and co-workers™®. They showed that
steady-unidirectional flow data can be used for pre-
dicting heat transfer performance under conditions
of periodic flow and observed that pulsations have no
effect in the region of turbulent flow for water.
Marchant® determined the overall heat transfer
coefficient (U) for water heated by steam over a wide
range of Reynolds numbers using a constant pulse

THE object of employing any type of agitation

amplitude and three different frequencies, 10, 25 and

60 cycles/min. He found a slight improvement in U
in the viscous region but observed no effect in the
turbulent region.

On the contrary, Morris!® and Webb! observed no
difference in heat transfer between steady and
pulsating flows in the viscous region while West and
Taylor'?, who extended this investigation to the
turbulent region, found a considerable improvement
in the water side heat transfer coefficient (k). These
investigators worked at a fixed frequency of 100
cycles/min. and varied the pulse amplitude which they
expressed in terms of a pulsation ratio.

It has also been reported that pulsations en-
hance heat transfer efficiency both in the viscous and

“Present address: Tata Chemicals 1.td, Mithapur.
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turbulent regions, the difference being only in the
extent of improvement. Using oil in his experiments,
Linke!® observed a four-fold increase in the vis-
cous region as against a rise of only 35 per cent in
the turbulent region. Use of vibrations has been
observed! to improve convective heat transfer.

Results on the effect of vibrations and pulsations
on the heating of a compressible fluid like air have
also been reported. No increase in heat transfer was
found in the turbulent region® while an improvement
of about 50 per cent was observed in the viscous
region's. Havemann e¢f all? report improvements
only at certain Reynolds numbers and within a
limited range:of frequencies.

It is thus clear that the data reported in the
literature are fragmentary and, for liquids in parti-
cular, conflicting. The present study was undertaken
with the object of investigating the effect of pulsa-
tions on the heating of water over a wide range
of Reynolds numbers in the turbulent region at
different values of pulse frequency and amplitude.

Experimental procedure

Equipment — A flow diagram of the experimental
assembly is shown in Fig. 1. Briefly, water from a
reciprocating pump entered a modified air chamber
where the pulses were damped to the required ex-
tent, passed through 10 ft of calming section where
they were regulated, and finally entered the heat
exchanger.

The reciprocating pump served not only to pump
the liquid into the system but also to impart pulses
to the liquid stream through the modified air cham-
ber. The air chamber that is usually fixed on the
discharge port of a reciprocating pump was replaced
by a larger chamber (4 in. diam. X 25-5 in. height)
provided with an air connection at the top to enable
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PRINCIPAL DIMENSIONS OF HEAT EXCHANGERS
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F1G. 2 -~ CONSTRUCTIONAL DETAILS OF HEAT EXCHANGER B

adjustment of air volume (or liquid level) in it. The
air vessel operates by expelling the liquid at the end
of the delivery stroke due to the pressure developed
inside it during the commencement of the stroke,
thus evening out the flow in the delivery line. It
was thus possible to obtain flows with various degrees
of pulsation by controlling the liquid level in the
chamber as indicated by a gauge glass.

The pulse amplitude was expressed by a ‘ pulsa-
tion ratio " after West and Taylor!2. This expresses
the ratio of the maximum air volume to the minimum
volume enclosed in the air chamber, filled with the
liquid to the required level, during one complete
stroke of the piston. Change in frequency was
accomplished through a system of pulleys specially
prepared for the purpose.

Three heat exchangers of different sizes were as-
sembled in parallel and used one at a time. A sketch
of exchanger B is shown in Fig. 2. The liquid

(flowing through the innermost pipe) was heated by
steam passed through the annular space between
this pipe and the next. Radiation losses were mini-
mized by first introducing the steam into the outer
annulus through four holes on the outermost pipe and
then letting it into the inner annulus through 15
equidistant holes on the second pipe. The total
heated length of the pipe was 16 ft. Exchanger C
was only 4 ft in length. The outermost pipe had two
holes for steam inlet while the middle one was pro-
vided with five holes. TFor each of the exchangers,
both the annuli were provided with condensate out-
lets. The exchangers were given a slight tilt in order
to avoid accumulation of condensate and to ensure
its free flow.

Procedure — In carrying out a run, the pump was
started and the liquid height in the air chamber
adjusted to the required value by manipulation of
the air valve on the chamber. Steam was introduced
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and its pressure regulated so that the gauge installed
on the exchanger showed a steady value. It usually
took about half an hour for the system to reach steady
state. The liquid and condensate rates were then
measured at regular intervals; the run was stopped
only after two consecutive readings showed a constant
value. During a run, care was taken to maintain the
liquid level in the air chamber at a constant height,
and the maximum and minimum air heights were
recorded at regular intervals to obtain a represen-
tative average pulsation ratio for the entire run.
For obtaining data at different Reynolds numbers,
the flow rates were varied by means of a bypass
introduced before the calming section.

Results and discussion

The three heat exchangers shown in Fig. 1 were
necessary in order to cover a wide range of Reynolds

numbers. Preliminary runs were made with these
exchangers using water at various flow rates and the
data were plotted as U versus Ng,. All the points
were found to lie on a smooth curve, thus establish-
ing that the results obtained from these exchangers
could be collectively used to analyse the effect of
pulsations at different Reynolds numbers.

The effect of pulsations would be to increase the
value of the water side heat transfer coefficient which
would be reflected in an increase in the magnitude of
U. The data obtained in this investigation have,
therefore, been presented in terms of U.

In calculating U from the experimental data, the
measurement of the steam side temperature is of
considerable importance. West and Taylor used in
their calculations the temperature corresponding to
the pressure before the steam entered the system.
This choice of pressure assumes negligible pressure

TABLE 1 —HEAT TRANSFER DATA

Rux WATER CIRCULATING REYNOLDS OVERALL
No. FLOW RATE WATER TEMP. NUMBER HEAT
Ib.[hv °F. TRANSFER
—A— COEFFICIENT
In Out U)
B.itau.[hr[sq.
TY°F.
Steady-unidirectional flow
148 612 776 1810 8650 174
143 691 779 1764 9430 205
90 492 842 1994 10300 233
89 541 837  198-5 11250 252
88 768 833 1931 15700 305
87 987 82-:8 1877 19550 37
86 1315 82-8  180-1 25300 428
117 1500 81:5 1756 37800 448
113 1840 798 1692 44900 500
116 2050 83-8 1672 49900 518
115 2420 83-8  160-2 57000 532
112 2540 806 1580 59000 551
114 3610 828 1476 80300 626
f = 81; P.R. = 1-035
147 626 776 1787 8730 197
85 474 840 1994 9940 —
84 640 84:0 1960 13300 226
83 690 840 194-2 14200 282
82 832 832  190-8 16800 293
81 930 82-8 1879 18550 331
80 1065 82:6 1846 20800 354
79 1300 824 1805 24900 427
f = 81; P.R. = 1-095
146 457 78:5 1877 6690 164
144 511 772 1832 7570 172
78 547 82:4 197-6 11250 251
77 728 82:8  192:8 14600 303
76 852 824 1895 17100 332
75 1065 82:8 1841 20800 363
74 1290 842 1784 24800 402
f=81;P.R. =118
106 517 82:4 1994 10850 247
105 660 824 1944 13450 285
104 840 824  190-8 16850 336
103 978 83-3  186-8 19400 358
102 1370 842 1792 26300 417

TABLE 1. - HEAT TRANSFER DATA — contd
Rux~ WATER CIRCULATING REYNOLDS OVERALL
No. FLOW RATE WATER TEMP. NUMBER HEAT

Ih.[hr R TRANSFER
—Hr COEFFICIENT
In Out

f=281; P.R. =129

()
B.ta.[hr]sq.
ft|°F.

145 439 774 1864 6350 153
101 557 842 202:0 11700 282
100 824 84-2 1918 17000 334
99 1035 842 1864 20600 375
98 1260 842 1816 24400 415
97 1460 83-4 1787 28100 453
97h 1470 842 1778 28200 463
f=281;P.R. - 20
96 633 842 1972 13200 285
95 794 842  192:4 16500 311
94 1070 842 1850 21100 378
93 1615 842 1735 30200 455
92 1790 83-:3  170-0 32800 476
91 2080 833 1656 37500 506
109 2420 806 1589 56500 535
107b 3300 80-6 1481 73500 556
f=160; P.R. = 1-18
150 201 770 1840 2840 231
151 305 77-8 1706 4100 271
152 365 77-8 1652 4800 297
153 925 77-8 1292 10200 358
154 1050 77-:0 1292 11600 413
155 1520 778 120-2 15600 458
f=160; P.R. = 200
157 403 770 1598 5130 297
158 665 77-8  140-0 7780 335
159 728 770 1364 8350 340
160 1280 762 1230 13500 438
161 1350 770 1225 14100 448
162 1615 == — 30200 —_

f, frequency in cycles/min.; P.R., pulsation ratio.
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drop across the many small holes through which

the steam passes before entering the heating jacket.
As this assumption is evidently incorrect, the
temperature of steam in the heating annulus was
determined by a pressure gauge attached to this
annulus.

In Table I are recorded the data obtained for steady
flow and at a frequency of 81 cycles/min. for five
different pulsation ratios. The calculated values of
U are tabulated for different Reynolds moduli.
Only those runs have been included for which the
energy balance error was less than 6 per cent.  The
Reynolds number for both pulsed and unpulsed runs
was calculated from the average velocity obtained by
dividing the total volumetric flow per unit time by
the cross-sectional area of the pipe. The values of
U for steady flow were determined by making runs
at a pulsation ratio of unity, i.e. with the air chamber
kept empty of liquid. The steady flow values ob-
tained in this investigation are generally slightly
higher than those calculated from known equations
for the steam and water sides at corresponding Rey-
nolds numbers. On the other hand, the steady flow
data of other investigators tend to be lower, pre-
sumably due to scale formation. In order to com-
pare pulsed and unpulsed operations, therefore, it is
advisable to obtain these data on the same equip-
ment.

The values of U for steady flow are plotted as
1/U versus 1/V*® in Fig. 3. It can be seen that
a straight line is obtained, thus showing that
the trend of U7 values obtained is correct and
dependable.

Curve 1 in Iig. 4 is a plot of Ng, versus U at f
= 81 cycles/min. It is evident that pulsation at this
frequency has no effect on U in the entire range of
Ny, investigated. This is contrary to the observa-
tions of West and Taylor who, at a higher value of f
(100 cycles/min.) and at Ny, = 37,000, observed an

improvement to the extent of 70 per cent. Our data
confirm the results of Marchant that low frequency
pulsation has no effect in the turbulent region.
Further confirmation of these results was provided by
runs made at f = 40 cycles/min. and at two different
pulsation ratios. Since these data almost coincided
with the steady flow results of Table 1, they have not
been reproduced here.

Runs were also made at f = 160 cycles/min. using
two different pulsation ratios; the results which are
recorded in Table I and plotted in curve 2, Fig. 4,
clearly show that use of higher frequencies enhances’
heat transfer efficiency. At lower values of Reynolds
number the improvement is more marked than at
higher values, indicating that there is a decreasing
response of U to the imposition of pulsation as the
flow becomes increasingly turbulent. The conclu-
sions of Linke!® are somewhat similar, although he
only reports a broad comparison between the effects
in the viscous and turbulent regions. From Fig. 4
we see that at Ng, = 5000, there is an improvement
of about 130 per cent as against about 30 per cent at
Ng. = 20,000. As the values of Ny, employed by
Linke are not known, a direct comparison with his
results cannot be made.

The effect of pulsations in the turbulent region at
any given average Reynolds number is the resultant
of two opposing influences: (a) increase in /4 due to an
increase in the instantaneous value of Ng, during the
upsurge of the pulse and (b) decrease in % due to a
decrease in the instantaneous value of N, during the
downsurge of the pulse. The average value of 7 is,
therefore, a complex function of the severity and
nature of the pulse. The data obtained for water in
this investigation suggest that unless the pulsations
are of sufficient severity, the average value of & does
not increase.

In the laminar region, where the entire body of the
liquid is in viscous flow, the effect of pulsations is not
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likely to be significant due to the absence of a distinct
film., The data of Webb and Morris support this
view. On the other hand, it has been suggested from
theoretical considerations!® that when pulsations are
imposed on a fluid in viscous flow, some kind of a
turbulence is created in the entire body of the liquid
which should greatly improve heat transfer rate.
Experimental evidence for this is also reported'®!¢.
Obviously, the nature of the pulse is of great impor-
tance in the viscous region.

Summary

The effect of pulsations on the heating of water
(in the turbulent region) by steam in a tube-and-shell
type heat exchanger has been investigated. For
the type of pulsations resulting from the use of a
reciprocating pump, the broad observations are:
(1) unless the pulse frequency exceeds a certain value,
the effect is not perceptible; (2) the improvement in
U due to pulsation decreases as the Reynolds number
is increased; beyond a certain Reynolds number the
effect is almost negligible; and (3) the extent of pulse
dampening (i.e. amplitude) at any frequency has no
effect on heat transfer rate.
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Development of Catalysts for Methanol Synthesis

G. BASAK
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The performance of a number of catalysts, which are ternary mixtures of
metals and metal oxides with thoria and ceria as promoters, has been com-
pared with that of the standard catalyst, ZnO : Cr,0g, at 100 atm. pressure and
300°C., and attempts have been made to replace Cr,0; with other inexpensive

metal oxides.

with a catalyst of the composition Cu: Zn: TiO,:
12-03: 1-55: 0-25) than with the standard catalyst.

It has been observed that a higher yield of methanol is obtained

ThO,: Ce, 04 (50-15: 36-00:
A conversion of 59 per cent

of synthesis gas is achieved with this catalyst under the above conditions, and
the product contains 90 per cent methanol and 10 per cent water.

the synthesis of methanol is mostly covered
by patents and a survey of the literature shows
that efficient catalysts for use in the synthesis of

INFORMAT[ON on the catalysts employed in
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methanol from hydrogen and carbon monoxide
mixtures consist of zinc oxide, chromium oxide or
copper oxide, or binary mixtures of difficultly redu-
cible oxides of zinc, chromium or copper, chromium
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and the oxides of zinc and other metals such as silver,
uranium and cadmium. Fenske and Frolich!, Dol-
gov? and Plotnikov and Ivanov? found that a catalyst
consisting of the oxides of copper, zinc and chromium
had considerably higher activity for both the decom-
position and synthesis of methanol than any of the
binary systems copper-zinc or zinc-chromium?-8,

In the present investigation, some catalysts which
are ternary mixtures, with thoria and ceria as pro-
moters, have been prepared, dnd attempts have been
made to replace the costly chromium in the Cu-Zn-Cr
catalyst by a suitable cheap metal, so that the cost
of the catalyst may be lowered.
catalysts have been prepared and their performance
at 100 atm. pressure has been studied. The results
of these studies are recorded in this paper.

The main factors governing the catalytic synthesis .

of methanol are pressure, temperature, and CO:
H, ratio in the synthesis gas mixture. Since the
formation of methanol is accompanied by a large
decrease in volume, the application of the high
pressure and low temperature favour the synthesis
reaction. Even with the best catalyst it is not
possible to reduce the temperature of reaction below
300°C., and though with a pressure of 1000 1b./sq. in.
practically 100 per cent methanol may be obtained at

A number of

300°C., it is desirable to work at higher pressures to
prevent the formation of methane.

Experimental arrangement

The set-up used is shown in Fig. 1. The entire
plant, including the compressor, was fabricated in the
workshop of the Indian Institute of Science, Banga-
lore. Since the compressor (A) could develop a
maximum pressure of 120-30 atm. only, all the studies
were carried out at 100 atm. pressure. In a run,
¢. 200-50-litres of purified water gas were taken in a
drum and compressed. The gas, enriched with hydro-
gen whenever necessary, was compressed and fed to
the heated reactor (R), containing 30-40 ml. of the
catalyst; the feeding of gas was done through the
check valve (B) to prevent back suction, and then
to a high pressure vessel (D), provided with a safety
valve (C), and containing active charcoal and Cu-CuO
catalyst to remove traces of iron carbonyl, oxygen
and oil vapour, if any, coming from the compressor.
The gas was passed to the heated reactor through the
bleeder valve (N,), and compressed after closing the
needle valves (N3 and N,) till the pressure of 100 atm.
was indicated in the pressure gauge (G,).

The reactor was made of chrome steel containing
14 per cent chromium, and lined with copper. Tt was

F1G. 1 — EXPERIMENTAL SET-UP (DIAGRAMMATIC) FOR THE SYNTHESIS OF METHANOL FROM SYNTHESIS GAS [A, COmpressor;
B, check valve; C, safety valve; Cr, condenser; D, high pressure vessel; F, calcium chloride tower; G,-G,, pressure gauges;
N;-Ng. needle valves: R, reactor: S, steel drum; T, millivoltmeter; and VT, voltage transformer]
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heated electrically, the heating being regulated by
means of voltage transformer (VT). The tempera-
ture of the reactor was indicated by a thermocouple,
put inside a well and connected to a sensitive milli-
voltmeter (T).

As soon as the desired temperature of ¢. 300°C. and
pressure of ¢. 100 atm. were attained in the reactor,
the needle valves (N3, N; and Ng) were slowly opened
till the required space velocity was obtained, pre-
cautions being taken to see that the temperature
and pressure of the reactor were not disturbed. The
pressure inside the reactor was maintained constant
by releasing the reacted gas through the needle valve
(Ng), placed at the end of the copper condenser (Cr),
which trapped methyl alcohol and the uncondensed
gases passed on to the mild steel drum (S) from which
they were returned to the suction of the compressor
after passing through calcium chloride tower (F) to
remove moisture. This operation of recycling the
gas was maintained for 4-5 hr.

In designing the apparatus, contact of hot gases
(mixture of CO and H,) with iron was eliminated as
far as possible by using copper in the reactor and a
condenser. The gas from the catalyst chamber was
allowed to pass through a reducing valve (Nj) to
a copper condenser where methyl alcohol condensed
at 25 atm. pressure.

The whole system was calibrated once under the
same conditions at room temperature to note the
volume of gas passing through the catalyst chamber
at 100 atm. pressure in 1 hr; this enabled the space
velocity to be calculated. Decrease in the volume of
gas at atmospheric pressure in 1 hr and also after
4-5 hr of reaction was noted.

A material balance calculation showed that about
90 per cent of synthesis gas can be accounted for in
the product. There will be, however, loss of some gas,
mainly due to (i) the collection of synthesis gas over
water, (ii) difficulty of removal of all the methyl alco-
hol from the condenser and (iii) removal of a small
quantity of gas along with the lubricating oil when
it is tapped out from the condenser every 15 min.

Preparation of the catalysts—The compositions
of the catalysts used in this investigation are given
below:

CATALYST COMPOSITION

No. %

1 Cu, 50-15; Zn, 36:0; Cr, 12:03; ThO,, 1-55; Cc,0,,
0-25

2 Cu, 50-15; Zn, 36:0: TiO,, 12-:03; ThO,, 1-55;
Ce,0y, 0-25

3 Cu, 50-15; Zn, 36:0; V,0,, 12:03; ThO,, 1'55;
Ce,04, 0-25

4 7n0, 75; Cr,0,, 25

Catalyst No. 1-— Requisite amounts of the dilute
solution (30 per cent) of nitrates of zinc, copper,
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chromium, thorium and cerium were heated up to
60°C. and the carbonates of the metals precipitated
by the addition of 30 per cent solution of sodium
carbonate at 60°C. The precipitates were washed
free from alkali with distilled water, filtered in a
Buchner funnel and dried at 110°C. The cake was
broken into granules (—5 to 10 mesh B.S. size). The
granules were reduced at 350°C. in a current of
hydrogen for 3-4 hr at a space velocity of 100. The
reduced catalyst was removed under a current of
hydrogen and quickly charged into the reaction
chamber and again reduced at 350°C. with hydro-
gen for 4 hr. The catalyst was then ready for
use.

Catalysts No. 2 and No. 3—1In case of these
catalysts requisite amounts of titanium dioxide and
vanadium pentoxide were kept in suspension in a
solution of zinc, copper, thorium and cerium nitrates.
While precipitating the carbonates of the metals by
the addition of sodium carbonate solution, the same
procedure was followed as in the case of catalyst
No. 1. Vanadium petoxide was prepared by heating
ammonium vanadate in air at 400°C.

Catalyst No. 4 was prepared from solutions of
zinc and chromium nitrates to which sodium carbo-
nate solution was added at 60°C. to precipitate the
carbonates. The procedure followed for washing,
drying and reducing the catalyst was the same as
that employed for catalyst No. 1.

Results and discussion

The performance of different catalysts is recorded
in Table 1. The results show that catalysts No. 1
(Cu: Zn: Cr) and No. 2 (Cu: Zn: TiO,) show minimum
side reactions at 300°C. and 100 atm. pressure and
also give methanol of 90 per cent purity (rest being
mainly water). The amount of methyl alcohol
obtained per hour per litre of catalyst was ¢. 240 g.

~ with catalyst No. 1 and 254 g. with catalyst No. 2

using synthesis gas containing CO and H, in the ratio
of 1:2. Higher temperatures increased the forma-
tion of carbon dioxide and methane and lowered the
methyl alcohol content of the crude product from
90 to 55-58 per cent.

The crude product obtained with catalysts No. 1
and No. 2 at 300°C. was distilled and the fraction
distilling between 64° and 65°C. was collected; this
formed 90 per cent of the crude product. The sp. gr.
at 25°C. of the crude product was 0-8201-0-8109
and acid value 1:0-1-7. Sulphuric acid test was
negative indicating the absence of olefines. Iodo-
form test was also negative showing the absence of
aldehydes and ketones. Water content of crude
product, determined by pyridine-acetyl chloride me-
thod, was 9-10 per cent. Higher alcohols, if any, in
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TABLE 1 —PERFORMANCE CHARACTERISTICS OF DIFFERENT CATALYSTS

(Space velocity in all the experiments was 4-06 litves[hr|ml. of catalyst and veaction pressure, 100 atm.)

Expr  ANALYSIS (%) OF INITIAL GAS REAcTION REACTION ANALYSIS (%) OF FINAL GAS CONVERSION SPACE-
No. ~— A \ TEMP. PERIOD —— A OF SYN-  TIME-YIELD
cO, H, €O CH, N, °C. hr CO, H, CO CH; N, THESIS g. methanol|
GAS FROM hr[litve of
NITROGEN catalyst
BALANCE
%
Catalyst No. 1 (Vol. of catalyst, 30 ml.; wt of catalyst, 6-4 g.; synthesis gas enviched with hydrogen)
1 67 550 288 26 69 300 5 94 445 240 56 165 581 242
2 86 560 265 37 52 300 + 10-1 474 226 85 224 541 232
3 50 584 269 27 70 350 4 11-4 436 155 111 184 61-9 190
4 43 583 278 28 68 350 4 122 429 162 119 168 59-5 178
Catalyst No. 2 (Vol. of catalyst, 30 ml.; wt of catalyst, 81 g.)

5 62 293 591 19 65 300 4 96 206 461 78 159 59-1 254*
6 23 286 579 22 70 350 4 2000 11-8 330 179 173 60-8 165*
Catalyst No. 3 (Vol. of catalyst, 30 ml.; wt of catalyst, 10:9 g.; synthesis gas enviched with hydrogen)

7 27 284 581 18 90 300 4 29 274 553 21 126 283 150

8 25 277 594 19 85 300 4 30 265 560 24 121 29:0 141

9 16 296 586 12 90 350 4 83 195 395 162 165 471 112
Catalyst No. 4 (Vol. of catalyst, 30 ml.; wt of catalyst, 7-8 g.)

10 72 515 267 22 12:4 300 5 58 424 259 48 211 41-2 168*

1 70 531 262 22 115 350 5 9-8 417 224 71 198 417 142*

*A number of experiments were carried out under a particular set of conditions, but only data for one experiment are

given here.

the product could not be identified by the phthalic
anhydride method.

By incorporating V,Oj in place of chromium in the
Cu-Zn-Cr catalyst (No. 3) the activity of the catalyst
diminished considerably (Table 1), and the contrac-
tion in volume was only 27-31 per cent and about
150 g. of methyl alcohol per hour per litre of catalyst
were obtained at 300°C. and 100 atm. pressure.
V,05 seems to have a deleterious effect on the catalyst.

The standard catalyst No. 4, containing ZnO and
Cr,0; in the ratio of 3: 1, gave only 41 pér cent con-
traction in volume and about 168 g. of methyl alcohol
per hour per litre of catalyst. Under the same con-
ditions of temperature and pressure, the contraction
in volume employing catalysts No. 1 and No. 2 was
51-9 and 57-8 per cent respectively. At higher tem-
perature (350°C.), the standard catalyst yielded large
quantity of methane and carbon dioxide as in the case
of Zn-Cu catalyst containing Cr and TiO,. But the
yield of methyl alcohol was only 40 per cent — pro-
bably some undesirable side reactions taking place
with this catalyst resulting in the decomposition of
methanol into methyl ether and water.

It is evident from these studies that catalysts No. 1
and No. 2 are more effective for methanol synthesis
at 100 atm. pressure than the catalyst No. 4.

A comparison of the performance of the various
catalysts with the standard catalyst No. 4 (Table 2)

TABLE 2 — COMPARISON OF THE ACTIVITIES
OF DIFFERENT CATALYSTS

{Composition of synthesis gas, 1CO:2H, (approx.); reaction
pressure, 100 atm.; veaction temp., 300°C.; and space velocity,
4-06 litres|hr|ml. of catalyst]

CATALYST VOL. CONTRACTION SPACE-TIME-YIELD
No. FROM NITROGEN 9. methanol|hr|litre
CONC. of catalyst
o/
70
1 580 240
2 59-0 254
3 29-0 150
4 41-2 168

shows that catalysts No. 1 and No. 2 containing
Cu-Zn-Cr and Cu-Zn-TiO, and promoted by thoria
and ceria, give much higher yields of methyl alcohol.
By incorporating vanadium in catalyst No. 3 in place
of chromium or titanium, the yield of methanol is very
much lowered. The results given in Table 2 also
indicate that the optimum temperature for these
catalysts is 300°C.; higher temperatures decrease the
yield of methanol in all cases although the volume
contraction may be more.
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Hydrogenation of tobacco seed oil has been investigated with a view to find-
ing out its suitability as a new source material for vanaspati industry. For
refining of the raw oil, before subjecting it to hydrogenation, treatment of the
oil with 16°Bé alkali in 0-25 per cent excess and 2 per cent Fulmont earth plus
0-5 per cent activated carbon gives the best results.

It has been observed that on hydrogenation, besides saturated fatty acids,
iso-oleic acid also contributes to the melting characteristics of the fat. Iso-oleic
acids are undesirable constituents and do not offer any improvement in the
stability of the product and restrict the formation of the saturated fatty acids.
The variation in the characteristics and chemical composition of the hydro-
genated products obtained under different conditions of hydrogenation has also

been investigated.

pale brown oil. In recent years the seed oil

has found increasing use in the paint and
varnish industry. During the Second World War,
due to short supply of edible oils, tobacco sced oil
was used in a number of countries as an edible oil
without any adverse effects. Tobacco seed oil is
readily available in the country at a comparatively
low cost and the characteristics of the oil are well
known®.

The present communication records the results of
hydrogenation experiments, carried out on the tobacco
seed oil, with a view to finding out its suitability as
a new source material for vanaspati industry. In
particular, the selectivity of hydrogenation reaction

TOBACCO seeds contain up to 46 per cent of a
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and the formation of iso-oleic acids, which is very
important for this partially hydrogenated edible
fat, has been studied in detail. In order to achieve
some selectivity in the hydrogenation reaction,
the following factors were taken into consideration:
(1) the type of catalyst used and its concentration;
(2) pressure of the hydrogen gas; (3) temperature
of the reaction; and (4) the degree of dispersion
of hydrogen gas. In this investigation a few trial
runs with different catalysts, supplied by Messrs
Hindustan Levers and Messrs Swaika Vanaspati
Products, and the nickel catalyst made by wet-
reduction process in this laboratory and Rufert
catalyst, were tried. Among these, Rufert catalyst
has been found to be the best as regards its uniformity
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TABLE 1

HYDROGENATION OF TOBACCO SEED OIL AND THE FATTY ACID COMPOSITION OF

HYDROGENATED PRODUCTS

SAMPLE  DURa- lop. vAL.  REF. INDEX SLIpP WILLEY FATTY ACID COMPOSITION
No. TION OF OF OIL AT POINT M.P. , —A— y
HYDRO- (WIJ's § HR) 40°C. °C. °C. Linolenic  Linoleic - Oleic acid Iso-oleic Saturated
GENATION acid acid (total) acid acids
v % % % % (by differ-
ence)
%
Expt 1 [Charge, 100 g.; catalyst, 0-5%, (active wickel); temp., 150-80°C.]
0 0 139:60 1-4690 16 71-50 12-20 1-10 14-70
1 1 128-00 14690 24-0 - 60-00 23-50 11-90 1650
2 2 97-90 1:4665 32-0 25-20 57-50 23-84 17-30
3 3} 56-40 14615 48-0 53-0 0:60 6410 37-24 35:30
4 4] 34-08 1-4595 565 625 - 0-30 38-70 21-04 61-00
5 5% 16-90 1-4571 63-0 68-5 - 0-20 18:60 8-25 81-20
6 63 7-75 1-4550 66-0 71-5 — 0-10 6-50 3:20 93-40
Expt II [Charge, 1500 g.; catalyst, 0-5%, (active nickel); temp., 160-5°C.]
0 0 139-60 1-4690 - - 1-6 71:50 12-:20 110 14-70
1 2 118-70 1-4690 . - 49-64 33-31 11-43 17-05
2 3 105-40 1-4680 — 34:33 47-99 19-20 17-68
3 4 X 97-75 1-4670 - 27-11 54-42 8-20 18-47
4 53 83-33 1-4654 — —— 12:60 67-39 10-47 20-01
5 71 71-60 1-4640 35-0 2-30 75-46 36-58 22:24
6 84 69-39 1-4638 360 0-32 76-54 40-09 2314
7 91 63-28 1-4638 39:0 0-16 70-08 40-79 29-76
8 104 57:68 1-4625 42:0 - 0-10 63-98 32:89 35-92
9 113 55:18 1-4620 45-5 — 0-90 61-20 30-07 3871

of behaviour and selectivity. Accordingly, Rufert
catalyst was used in all subsequent investigations.

Experimental procedure

Refining of tobacco seed oil — Tobacco seed oil
(iod. val., 139:6; free fatty acid content, 1-47 per
cent) was highly coloured as shown by its colour
index, determined with the help of a Lovibond tinto-
meter. As it was considered inadvisable to use this
highly coloured oil directly for hydrogenation, and
due to insufficient data on the refining of the oil, the
coloured oil was subjected to the following refining
procedure. The oil was treated with alkali solution
of different strengths and in varying proportions.
Fullers’ earth (B.D.H.), bentonite, activated charcoal
and Fulmont earth 511C (I.C.I.) were employed in
different concentrations in a series of experiments to
bleach the oil. The extent of colour removal in each
experiment was studied with the help of a Lovibond
tintometer. From the point of view of per cent
colour removal and per cent loss in refining, treat-
ment with 16°Bé alkali in 0-25 per cent excess and
2 per cent Fulmont earth plus 0-5 per cent activated
carbon gave the best results. These refining condi-
tions were followed while the oil was processed
through a De Laval oil refining unit. Total loss
through alkali refining and vacuum bleaching (22 in.
Hg) for 1 hr was 18:5 per cent. This high loss could
be casily reduced by employing a large charge. The

degree of colour removal was quite satisfactory (red,
75 per cent and yellow, 71-4 per cent).

Hydrogenation of the o0il — Hydrogenation experi-
ments were carried out on a laboratory scale to
determine the optimum conditions which could be
adopted on pilot plant scale in a dead-end circulating
type of hydrogenator. Experiments were repeated
employing the same experimental conditions but with
a charge of 1500 g.

Refined oil contained in a three-necked flask fitted
with a magnetic stirrer was hydrogenated at tem-
peratures ranging from 150° to 180°C. and at atmo-
spheric pressure. In order to gain a better under-
standing of the hydrogenation reaction, the oil was
hydrogenated to the maximum extent, ie. when
there was no more absorption of hydrogen by the oil.
A series of samples at regular intervals were drawn
and analysed. In Table 1 are recorded the ana-
lytical data for the different samples collected from
an experiment conducted with 100 and 500 g. of oil.

Cis-linoleic acid was estimated by the ultraviolet
spectrophotometric method employed by Hilditch
et al? and iso-oleic acids by the method of Cocks
et ald.

Discussion
From the results of expt I (Fig. 1) it is seen that

reaction rate is higher at higher temperatures as
compared to the reaction temperature of 150-5°. 1In
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F1G. 2 — INFLUENCE OF SATURATED AND ISO-OLEIC ACIDS ON
THE MELTING CHARACTERISTICS OF HYDROGENATED PRODUCT

expt 11 (Iig. 1) the curve is somewhat flattened,
indicating the lengthening of the period of reaction.
This is understandable in view of the large amount
of charge used in expt II.

It is observed from Fig. 2 that along with saturated
fatty acids, iso-oleic acids definitely contribute to
the melting characteristics of fats.

Conversion of linoleic acid to oleic acid is much
higher as compared with oleic to saturated acids
(Fig. 3). With the gradual decrease in the concentra-

tion of linoleic acid, concentration of oleic and iso-

oleic acids increases. When linoleic acid concentra-
tion attains a low value, hydrogenation of iso-oleic
and oleic acids starts. It is thus clear that the
hydrogenation takes the following course:

z . — oleic
Linoleic _l

; . | saturated acid
l— iso-oleic

Fig. 4 shows the selectivity of the hydrogenation
reaction in which ABC represents theoretical selecti-
vity whereas the curved line is the actual selectivity
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I1G. 4 — COMPARISON OF THE SELECTIVITY OF THE HYDRO-
GENATION REACTION WITH THEORETICAL SELECTIVITY

of the reaction. It appears from the graph that the
run is fairly selective.

It is seen from the analytical data for expts I and
II that broadly comparable values are obtained.
Selectivity of hydrogenation reaction in expt II
is better than that in expt I, as the hydrogenation
in expt II is accompanied by the formation of small
amount of iso-acids at comparable iodine values of
the hydrogenated oils.
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Conclusion

The use of partially hydrogenated fat in hydro-
genation reaction requires that it should have an
extended plastic range, it should be soft and plastic
at room temperature, and should possess some body
at temperature close to body temperature. Stability
of the hydrogenated oils is important since they are
exposed to a high temperature in baking and frying
and are not usually kept in cold places. Selective
hydrogenation conditions are necessary in order to
convert all linolenic and linoleic acids to stearic and
oleic acids and thus achieve maximum stability.
However, such selective hydrogenation also favours
the formation of iso-acids, which are undesirable
constituents. because they have a higher melting point
than normal oleic acid. Also, iso-acids do not cffect
improvement in the stability of the product.
the iso-acids are high melting, they restrict the for-
mation of saturated acids that could otherwise be
formed with greater benefit to the stability of the
product. Saturated acids also serve to extend the
plastic range and provide body required at high
temperature. It may be pointed out that samples
No. 5 and 6, expt I1, falls closely within the range of
vanaspati insofar as their fatty acid composition,
melting points and consistency are concerned. IFur-
ther work regarding the nutritional aspects of these
hydrogenated fats is in progress.

Symposium

UNDER THE JOINT SPONSORSHIP OF THE INDIAN
Council of Agricultural Research and the Unesco
South Asia Science Co-operation Office, @ Symposium
on Algology will be held in New Delhi from 7 to 12
December 1959.  Delegates from Afghanistan, Aus-
tralia, Burma, India, Nepal and Pakistan will be
participating in the symposium; F.A.O. has been
invited to send an expert. Prof. Horishi Tamiya,
Tokugawa Institute for Biological Research, Tokyo,
Dr G. E. Fogg, Department of Botany, University
College, London, Prof. H. V. Witsch, Director, Bota-
nisches Institut, Freising-Weihenstephen (Federal
Republic of Germany), and Prof. G. E. Papenfuss,

Since”

Production of hydrogenated tobacco seed oil has
many attractive features. There is a large saving
in the cost of raw tobacco seed oil, which is at
present available in commercial quantities and is
cheaper than groundnut oil. However, tobacco seed
oil requires a large amount of hydrogen during
hydrogenation reaction to produce a product
which has a consistency like that of vanaspati.
[t can safely be remarked that advantages gained
in raw oil cost will by far outweigh the disadvan-
tages incurred from the increasing cost of hydro-
gen gas and finally the cost of production will be
lowered.

Acknowledgement

The authors’ thanks are due to the Council of
Scientific & Industrial Research, New Delhi, for
awarding a research assistantship to one of them
(M.K.C.) and also to Prot. B. C. Guha, Head of
the Department of Applied Chemistry, Calcutta
University, for providing facilities.

References

1. CHAKRABARTY, 5. R. & CHakraBarty, M. M., /. Indian
chem. Soc., Industy. & News Ed., 20 (1957), 17.

2. HiLprren, T. P., MorTON, R. A. & RiLEy, J. C., dnalyst,
70 (1945), 68.

3. Cocks, L. V., CuristiaN, B. C. & Harbping, G., Analyst,
56 (1931), 368.

on Algology

Department of Botany, University of California, are
expected to take part in the symposium.

The symposium will confine itself to problems con-
cerning edible and nitrogen fixing algae. About 30
papers will be presented at the symposium of which
22 will be by the Indian delegates. The papers will
be discussed at the following six technical sessions:
Morphology, Phylogeny and Systematics; Physiology
and Biochemistry ; Ecology ; Limnology and Economic
Uses; and Cytology. In addition, three popular
lectures by Prof. M. O. P. Iyengar (Present Status of
Algology in India), Prof. H. Tamiya (Role of Algae
as Food) and Dr G. E. Fogg have been arranged.
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INpusTRIAL HYGIENE AND ToxicoLoGy: Vol. I-
GENERAL PRINCIPLES by Trank A. Patty (Inter-
science Publishers Inc., New York), Second Edition
(Revised), 1958. Pp. xxviii + 830. Price $ 17.50

Dr Patty is well known for his work in the field of

industrial hygiene, and since 1948, when the first

edition was published, his book, Industrial Hygienc
and Toxicology, has been a standard reference work.

The science of industrial hygiene has emerged as a
homogeneous discipline in recent years and more so
during and after the Second World War. Many an
underdeveloped country was developing health pro-
grammes on scientific lines as a result of the estab-
lishment of new industries, and even in industrially
advanced countries many a new problem had arisen.

The need was urgent for making available all scienti-

fic information in diverse branches of science leading

ultimately to the promotion and maintenance of the
health of the man behind the machine. The excel-

lent compendium brought out by Dr Patty in 1948

met the needs of the day admirably. The constant

changes in the concepts of industrial health and com-
munity health services necessitated the bringing out
of a new revised edition of the book. Industrial
environmental analysis occupied a single chapter in
the first edition; the subject has now grown in status

and is proposed to be treated in a full volume (III).

Special mention may also be made here of the useful

chapter on industrial sanitation in the second

edition. It brings out the importance of the role
of the sanitary engineer in the field of industrial
health.

If the object of the author is to see that the book
continues to serve as a reference volume, the following

suggestions may be considered while revising this -

edition. Information on the following subjects would
be welcomed by workers and administrators in the
field, either as separate chapters or as parts of the
existing ones.

Industrial health administration — Many an under-
developed country has to go a long way to learn from
the more advanced countries on the administrative
bottlenecks in general and especially in a specialized
subject like industrial hygiene. Similarly, indus-
trial hygiene administration inside a factory or work
place is not well recognized in underdeveloped coun-
tries, as industry itself is not developed on sound
lines.

Industrial medical services — In spite of its obvious
difficulties the situation often arises that due to lack
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of trained personnel, the effective practice of indus-
trial hygiene is relegated to the background and not
too often the only scientific person implementing
industrial hygiene in the factory is the medical
officer. It would be useful if, in this reference
volume, the organization of industrial medical ser-
vices in factories and other work places is treated
in an adequate manner.

Industrial health in the tropics — Not a few inter-
national conferences have been convened to study
problems of industrial health peculiar to the tropics.
[t would, therefore, be advantageous if a special
chapter is devoted to this subject.

In conclusion, the reviewer would like to make
another suggestion: it would be better if the few
pages dealing with equivalents, conversion factors and
tables for gases and vapours at the beginning of the
book are taken over to the end of the volume.

The book is a must foi every laboratory and
library directly or indirectly connected with occu-
pational health.

M. N. Rao

MopeErRN Transistor Circults by John M. Carrol
(McGraw-Hill Book Co. Inc., New York, Toronto,
London), 1959. Pp. xii + 268. Price $8.50

This volume contains over 100 articles that appeared

in the magazine Electronics during the years 1956

to 1958. The book is divided into 17 chapters

and contains over 200 circuit diagrams with design
information and component values.

The first chapter, entitled circuit design data,
contains articles giving information on the opera-
tion of transistors under the influence of atomic
radiation, design nomographs for stable operation of
junction transistors at high temperatures, design
nomographs for transistors at audio frequencies,
design formulae for using h-matrix parameters, and
conversion formulae for hybrid parameters.

The next four chapters (Chapters 2-5) are devoted
to transistor circuits of generic types such as ampli-
fiers, oscillators, power supplies, and pulse circuits.
Chapter 2 on amplifiers contains articles dealing with
temperature compensation of audio amplifiers and
1-Mc/s. i.f. amplifiers using thermistors, design infor-
mation on audio amplifiers with high input impe-
dance, and high frequency amplifiers using melt-back
tetrodes. Chapter 3 is on oscillators and has valuable
information on Colpitt, crystal-controlled, and feed-
back oscillators design. It also contains an interesting
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article on oscillators employing silicon crystals for
obtaining high temperature stability. Design of volt-
age regulated power supplies, using balancing bridges,
series and shunt regulators, and multivibrators
forms the contents of articles in Chapter 4. The
next chapter on pulse circuits contains articles on
variable width pulse generators, sweep generators,
flip-flop circuits and techniques for increasing their
switching speed.

The remaining chapters of the book are devoted
to specialized circuit applications. Chapter 6 on
home-entertainment circuits has articles ranging from
simple pre-amplifiers for ceramic and magnetic pick-
ups to reflex-type radio receivers with two and four
transistors, and automobile radio receivers with
eleven transistors. The next chapter is a collection

of articles on radio and television broadcast equip- .

ment and contains circuits on video pre-amplifiers
for studio monitors, portable television cameras, two-
channel mixers for tape recording, etc. Chapters 8
and 9 are devoted to r.f. and audio communication
circuits. The r.f. circuits include a 52-Mc/s. trans-
ceiver, a 40-metre transmitter, a rural carrier system
with selective calling; the audio circuits cover public
address systems operating under aircratt noise, and
instantaneous speech compressors. Chapter 10 con-
tains circuits of test equipment for transistor produc-
tion, measurement of junction transistor parameters,
and other laboratory equipment such as oscilloscope
pre-amplifiers, null-detectors. The next three chap-
ters (11, 12 and 13) are devoted to industrial control,
and measurement and detection circuits. The control
circuits include operation of air-borne searchlight,
nuclear reactors, navigation trainer ship models, and
servo systems; measuring instruments include those
for indication of jet aircraft exhaust, monitoring
of gamma rays using Geiger tubes, and a transistor
clock; detection circuits include those used for detec-
tion of metal ducts, pipes, buried cables, and crevasse
in glacial trails. Chapter 14 is devoted to transistor
circuits in aircraft, missiles and satellites. Scientific
and medical instruments such as pill telemeters for
use in digestive tract, pen-recorder amplifiers for use
in medical diagnosis, and telemeters for determining
ocean temperatures form the subject matter of
Chapter 15. The last two chapters (16 and 17) deal
with circuits and auxiliary equipment for computers.
These comprise counters, basic logic circuits, and
digital to analogue converter circuits.

In these days, when the transistors are finding
increasing and varied applications ranging from home-
entertainment to conquest of outer space, Modern
Transistor Circuits provides an excellent collection of
articles for the electronic engineer.

D. L. SUBRAHMANYAM

SovIET PHARMACEUTICAL RESEARCH: Vol. I — PHAR-
MACEUTICAL CHEMISTRY (Consultants Bureau Inc.,
New York), 1958. Pp. 447. Price $ 95.00

The translation of some of the more important Soviet
research papers into English and their publication
in a volume is highly commendable. Since Soviet
scientific literature in any specialized discipline is
bound to be voluminous, it is inevitable that the
choice of papers for translation must be rather
limited, and the scientific interests of the translating
body must also lead to selective translations, and in
this process some important papers may be left
out.

The first of the three volumes published under the
title ““ Soviet Pharmaceutical Research” is a col-
lection of selected papers on physical chemistry, some
of which deal with physical aspects of pharmaceutical
chemistry. One has a feeling that the title ‘ Phar-
maceutical Chemistry’ for such a volume is rather
misleading because many of the papers in it would
be of interest to chemists occupied in professions
other than pharmaceutical chemistry. The 73 papers
in this volume are divided into four specific sections
dealing with (i) Solubility, (ii) Stability, (iii) Ion
exchange and (iv) Emulsions, suspensions and gels,
and there is a fifth section subtitled * Miscellaneous ’.

The section on solubility carries a translation of
17 papers in which the laws of solubility, solubility
variation, the mechanism of solubilization and a
study of precipitates and their solubility in the
presence of common ions are discussed. All these
papers are fairly representative of the trends of
Soviet research in this field. There is a good paper
on the solubility of alginates, but for a volume on
pharmaceutical chemistry one would expect a tran-
slation of a paper, if there is any, on the solubility
factors of alginates in the production of plasma
substitutes.

The section on stability (6 papers) carries an
interesting paper on the effect of activated char-
coal on the oxidation of papaverine by atmospheric
oxygen, and one on the thermal stability of collagen
in the dry state. In the former, the authors have
shown that the colour reaction of papaverine with
sulphuric acid is due to the interaction of sulphuric
acid with papaverinol which is an oxidation product
of the parent base. The latter paper is of particular
interest to leather chemists. The authors have sug-
gested a mechanism involved in the thermal shrink-
age of dry collagen both in the untanned and the
tanned states.

The seetion on ion exchange carries 8 interesting
papers on different aspects of this important subject.
There are interesting contributions on heterogeneous
ion-exchange reactions, determination of the absorp-
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tive capacity of ion-exchange materials and ion
exchange on starch, and the possibility of preparing
starch samples containing a definite ion. Perhaps
translations of some more papers in this section
would have been worth while.

The section on emulsions, suspensions and gels
(13 papers) carries a variety of papers on subjects
like the mechanism of emulsification, effects of selec-
tive wetting on emulsion formation, emulsion stabi-
lizers, structure of gels and the effect of surface active
substances on the properties of agar gels.

The last section, carrying a miscellaneous group
of papers (30), is truly pharmaceutical in character.
[t includes papers on such subjects as the optimum
conditions for preparing crystalline glucose, a colori-
metric method for the quantitative determination of
penicillin, the decomposition voltage of alkaloidal
salts, the adsorption method of separating caffeine,
polarographic investigation of sulphanilamides, me-
thods of determining powder dispersion and causes of
the granulation of powders, a study of a process for
sorbing essential oil vapours on porous adsorbents,
chemical nature of alginic acids, application of
infrared absorption spectra in the investigation of

the intermediates in carotene synthesis, and a study-

of pharmacologically active substances by physico-
chemical methods. All these papers are of consi-
" derable importance to a pharmaceutical chemist.

The papers cover the period 1947-55 and most of
these were published after 1950. It would be of
considerable advantage to the scientific world if the
Consultants Bureau Inc. carry forward these efforts
and provide translations of the important papers as
and when they appear.

There are a few language errors in translation, but
otherwise the volume is got up nicely. The price,
however, is far too high, and even some of the
libraries, not too well endowed, may find it difficult
to acquire it. Perhaps the Consultants Bureau may
eventually be able to reduce the price to a level where
more libraries can afford to buy these excellent
publications.

M. L. Duar

SoviEr PHARMACEUTICAL RESEARCH: Vol II-
PuarMAcoGNosY (Consultants Bureau Inc., New
York), 1958. Pp. 401. Price § 90.00

This volume is a collection of translations of 82 papers

on phytochemistry. The title ‘ Pharmacognosy ’ is

rather misleading. The term pharmacognosy, as gene-
rally accepted, implies the study of the character-
istics of crude drugs and their powders, while the
papers in this volume deal with the isolation of
the chemical constituents of plants and the investi-
gation of their structure and chemical behaviour.
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Perhaps a more appropriate title would be * Medicinal
Phytochemistry * or just ‘ Phytochemistry ’.

The bulk of this volume (61 papers) is devoted to
alkaloids. There are three papers on cardiac glyco-
sides, seven on essential and fatty oils and the
remaining eleven papers deal with saponins, resin
acids and colouring matters, etc. Perhaps the
articles on Butlerov’s doctoral dissertation on essen-
tial oils and the review of Pigulevsky’s book on
terpenes could have been omitted and the space

‘devoted more profitably to a few more papers on

glycosides.

The interest of the Soviet scientists in plant che-
mistry is clearly reflected in these papers which
represent the work of several important research
centres in the Soviet Union. A large number of
papers are from the S. Ordzhonikidze Research Insti-
tute of Pharmaceutical Chemistry, Moscow, and the
Alkaloid Chemistry Laboratory of Uzbek Academy
of Sciences, Tashkent. They represent some of the
important contributions of Menshikov, Kuzovkov,
Massagetov, Proskurina and Yunusov to the study
of the structure of alkaloids isolated from a variety
of plants. Other centres such as the Lomonosov
Institute of Fine Chemicals Technology, Moscow,
where Preobrazhensky is working on the synthesis
of colchicine analogues and of magnoline bases, and
the Kharkov Research Institute of Pharmaceutical
Chemistry are also represented.

The papers on alkaloids are mainly of a funda-
mental nature. There are 14 papers dealing with
the structure and interrelationship of the Aconite
and the Delphinium alkaloids, three cach on the
Thalictrum and the Anabasis bases and four on the
alkaloids of the Senecio species. The interest of the
Soviet chemists in the exploitation of natural pro-
ducts for the production of drugs tor clinical purposes
is reflected in the papers on the separation and puri-
fication of anabasine, cytisine and cinchona alkaloids.

One of the papers on glycosides describes a com-
mercial process for the isolation of cymarin from
Indian hemp, as a substitute for strophanthin, and a
polarographic method for the quantitative estimation
ot some cardiac glycosides is discussed in another
paper. The essential oil from the wild carrot,
Daucus carota, has been claimed to be & new source for
geraniol and the Artemisia essential oils have been
shown to be varyingly rich in cineole and camphor.

There are a number of typographic and tran-
slation errors, though the volume is otherwise well
printed. The price of this volume is high and it is
to be hoped that the publishers will consider reducing
it so that it may be available to groups of interested
workers in most laboratories.

M. L. Duar
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ELECTRICAL ENGINEERING PRACTICE: Vol. I--—-A
PracricaL TREATISE FOR ELECTRICAL, CIVIL AND
MECHANICAL ENGINEERS, by J. W. Meares & R. E.
Neale (Chapman & Hall Ltd, London), Revised
Sixth Edition, 1958. Pp. xiii 4- 716. Price 60s.
net

This is a completely revised edition. The book has

a long-established reputation as a practical treatise

for clectrical, mechanical and civil engineers. For

revising the various portions of the text, the pub-
lishers obtained the services of the following experts
and specialists in different fields: C. C. Barnes for

Cables; E. H. W. Banner for Instruments and Mea-

surements; D. J. Bolton for Electrical Costs and

Tariffs; T. H. Carr for Power Stations, etc.; and Prof.

E. Bradshaw for M.K.S. System and Units. The

general plan of the book remains as it was in the - '

previous edition.

The revised edition has taken into account recent
advances in equipment and materials, specially in-
sulating materials. The chapter on materials has
been completely revised. Among others, the new
M.K.S. system units, new methods of measurement
of magnetic flux, nuclear energy in power generation,
latest developments in insulated wires and cables
and in protection of circuit and apparatus have been
discussed. New standards for instrument trans-
formers and factors regulating breaking capacity of
oil circuit breakers are incorporated.

The radical changes in the supply of electrical
energy resulting from the operation of the Central
Electricity Board in Great Britain and corresponding
developments in other countries have been given due
notice in the revised edition. Latest British Standard
Specifications have been referred to in revising dif-
ferent data. The table of conventional signs for
electrical diagrams has been completely revised and
includes conventional signs for thermionic tubes.

Bibliography at the end of each chapter has been
completely revised and brought up to date. All the
photoplates in the earlier editions are, however,
missing in this edition.

The publishers have been successful in maintain-
ing the high standard and technical accuracy for
which the book is reputed. The revised edition will
continue to be useful to all engineers.

C. S. GHOSH

PRINCIPLES OF ELECTRONICS — Cleaver-Hume Elec-
trical Series No. 9, by H. Buckingham & E. M.
Price (Cleaver-Hume Press Ltd, London), Second
Edition, 1958. Pp. 419. Price 17s. 6d. net

This book is the ninth in the Cleaver-Hume Electrical

Series and is intended for those following a general

electrical engineering course. In particular, the book

satisfies the needs of heavy current electrical engineers
and others who require a knowledge of basic elec-
tronic methods and their applications.

The subject matter of the book falls broadly into
three parts. The first five chapters deal with basic
facts and fundamental concepts underlying electronic
phenomena and the next six chapters (VI-XI) are
devoted to a description of common electronic devices
such as high vacuum diode and triode, multielectrode
valves, gas-filled diodes, thyratrons, mercury arc
rectifiers, cathode tubes, etc., and their principles of
operation and construction, and characteristics. The
portion of the chapter on vacuum diode, dealing with
interstage coupling, power amplifier and oscillator
circuits, is rather cursory in treatment. Since these
subjects are basic to all electronic applications, it
would be desirable to treat them more exhaustively.
Chapter VIII on multielectrode valves suffers from a
similar drawback, falling short in adequate descrip-
tion and explanation. The next nine chapters (XII-
XX) deal with various kinds of electronic devices and
methods of application to engineering and industrial
problems. These include high frequency triode tubes,
magnetrons, klystrons, emitrons, orthicons, particle
accelerators, electron microscope, measuring instru-
ments, etc. There is also a brief description of the
Dekatron, which gives an output pulse for every
tenth input pulse. Measurement of opacity and tur-
bidity, photoelectric controls, high temperature indi-
cators, induction and dielectric heating, and measur-
ing instruments such as valve voltmeters, counters,
etc., are also discussed in these chapters. The last
two chapters (XIX and XX) deal with the principles
of operation and applications of magnetic amplifiers
and junction transistors. Lastly, the book contains
over 120 questions which include a good number of
numerical problems.

The book under review should prove useful for
non-electronic engineers interested in electronics.

D. L. SUBRAHMANYAM

REFRIGERATION AND AIR-CONDITIONING — McGraw-
Hill Series in Mechanical Engiaeering — by W. F.
Stoecker (McGraw-Hill Book €Co. Inc., New York),
1959. Pp. vii + 397. Price §8.00

The author, who has had considerable experience in
teaching and research on the subject, has, in bringing
out this book, made a useful contribution to the exist-
ing literature on Refrigeration and Air-conditioning.
The emphasis in the book is on the basic concepts of
thermodynamics and fluid mechanics, in so far as
they apply to heat and mass transfer problems. The
principles are lucidly explained with the minimum
of mathematics and with the help of appropriate
diagrams, charts and tables.
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The vapour compression system is more exhaus-
tively dealt with and the performances of compres-
sors, condensers, expansion devices and evaporators
are described separately bringing out clearly the
factors contributing to their efficient performances,
individually and in combination. The other systems
like absorption refrigeration, air-cycle and steam-jet
refrigeration are also adequately covered. A dis-
cussion of heat pumps and their working principles is
included.

Useful tables give the comparative properties of
the different refrigerants in common use, more espe-
cially ammonia, and halocarbon refrigerants. Their
volume flow and power requirements per ton of refri-
geration and their coefficients of performance are
critically discussed and their relative economies and
special applications indicated. Psychrometry and
enthalpy potentials are adequately explained with
applications to the design of cooling towers, dehumidi-
fying and spray equipment. Calculations of air-
conditioning loads, due to all contributing sources,
are briefly but clearly explained to the necessary
extent. Calculations of the pressure drops inside
connecting pipes and their effect on the general effi-
ciency of the system are also not overlooked. In fact
no important subject connected with the refrigeration
and air-conditioning technology is omitted. The
treatment throughout is clear, concrete and specific.
A chapter on liquefaction of gases including hydrogen
and helium, and methods of approximating to the
absolute zero of temperature, may appear perhaps
to be outside the strict scope of the book. One would
wish that descriptions of actual items of associated
equipment and auxiliary gadgets and their workings
are also described in greater detail.

The book should prove a valuable reference
work to refrigeration and air-conditioning engineers.
Exhaustive tables and charts to aid correct design

are included both in the body of the book and at-

the end. Charts on pressure-enthalpy relations of
refrigerants and psychrometric charts for low and
normal temperature ranges are printed in separate
sheets and included in a pocket on the back cover.
The book can also be used with advantage as a text-
book in technological institutions. A large number
of worked out examples in the body of the text,
besides fairly comprehensive bibliographies and
illustrative test problems included at the end of
each chapter, increase the utility of the book for the
student.

The emphasis laid, throughout the book, on basic
principles influencing performance and design is a
refreshing feature of this book. It can be recom-
mended to both engineers and physicists.

T. N. SESHADRI
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CHEMICAL CONSTITUTION — AN INTRODUCTION TO
THE THEORY OF THE CHEMICAL BoNnD by J. A. A.
Ketelaar (Elsevier Publishing Co., Amsterdam,
New York, London; Sole Distributors for the Com-
monwealth excluding Canada: Van Nostrand Co.
Ltd, London), Second Revised Edition, 1959.
Pp. viii + 448. Price 47s. 6d.

The enormous progress made by theoretical chemistry
in the last 25 years has been to a large extent due to
the advent of wave mechanics and the fresh insight
provided by this theory into problems of atomic and
molecular structure. Dr Ketelaar’s objective in
writing this volume was to bridge the gap between
the classical organic chemist and the theoretician, and
in showing the systematization brought into organic
chemistry by the development of the quantum theory
and the new ideas that have spread under its in-
fluence. The volume is described as ‘ an introduction
to the theory of the chemical bond ’ and is intended
for the general reader with limited mathematical
attainments.

The second edition incorporates several improve-
ments on the original edition which appeared in 1953.
Many of the figures and tables have been revised and
several new topics have been included. Prominent
among them are those on stereochemistry, crystal
field theory and cyclopentadienyl-metal complexes.
A few sections, notably that on the hydrogen bond,
have been completely rewritten making the subject
matter up to date. The large number of references
to recent literature and review articles that have been
given, form a useful addition.

An introductory chapter on the periodic table, the
basic concepts of wave mechanics and the four types
of chemical bonding (ionic, atomic, metallic and Van
der Waals) comprise the first of the five sections that
make up this volume. The section on ionic com-
pounds which follows next is devoted to a discus-
sion of the subject mostly from a classical point of
view, special attention being paid to ionic radii,
crystal structures, ion-ion complexes, ion-dipole com-
plexes, acid and base strength, volatility hardness,
colour and solubility. The author begins the next
section on the atomic bond with the quantum mecha-
nical treatment of covalency and the structures of the
hydrogen molecule ion and the hydrogen molecule,
and then proceeds to a discussion of the more com-
plex molecules in terms of resonance, bond energy,
hyperconjugation and colour. A serious attempt has
been made to use both of the two main competing
theories, commonly known as the molecular orbital
and valence bond methods. A short section is de-
voted to a discussion of the metallic bond and the
last part of the book deals with Van der Waals
interaction and the nature of the hydrogen bond.



REVIEWS

The first cdition of Pauling’s volume on Nature
of the Chemical Bond appeared two decades ago.
Though a number of treatises on modern physical
organic chemistry have appeared since then, Dr
Ketelaar’s book is unique in so far as an attempt is
made by the author to treat the nature of chemical
bond and chemical constitution as one single problem
approached from a number of facets. The book is
well produced and is free from linguistic errors and
misprints. The book is highly recommended to all
chemists interested in theoretical organic chemistry.
Those approaching the subject for the first time will
find it an excellent introduction to the field; those
already acquainted with the subject matter will find
delight in the systematization brought into organic
chemistry by Dr Ketelaar’s approach.

H. SREEPATHI Rao .

SUCCESSFUL PROCESS PLANT PRACTICES — OPERA-
TION, MAINTENANCE AND SAFETY by Robert L.
Davidson (McGraw-Hill Book Co. Inc., New York),
1959. Pp. xxii + 302. Price $10.00

The author of the book, who is at present the Asso-

ciate Editor of Petroleum Processing, has had wide

professional experience of many process industries,
and, therefore, the book has the authority of an
expert behind it. The book, which is stated to be
based on 500 articles published in Petroleum Process-
ing, presents a wealth of practical information arrang-
ed in a handy manner to facilitate quick reference.
It covers such subjects as operation, maintenance,
repair, safety, etc., in process industries, particularly
the chemical industries, with which the author was
associated and had to deal with problems like corro-
sion, leakage, etc. The author should be commended
in bringing together useful data and information from

a large number of sources under one cover, which

only a man of his long experience in the field can

attempt.

A feature of this book is the large number (270)
of excellent illustrative diagrams and photographs of
plant, equipment, etc., which amplify, step by step,
the instructions regarding various intricate main-
tenance and operational procedures met with in
process industries. Details of work procedure are
adequatcly covered.

In five parts, under the heads Managing the Job;
Maintaining the Equipment; Handling Processes and
Products; Protecting Equipment; and General Equip-
ment, the book is largely devoted to subjects which
will interest those in chemical plants, particularly
those connected with maintenance. Equipment
common to all process industries such as pumps,
towers, reactors, piping, valves, motors, control ins-
truments, exchangers, condensers, ctc., are fully

treated. Practical plant working data such as capa-
cities, operating conditions and schedules, materials
of construction, tools to be used and how to use them,
are presented. The applications of automatic con-
trols in chemical industry are presented in non-
mathematical language, which permits easy under-
standing of the subject by the process engineer.

The book is essentially a practical manual, and
should serve as a valuable reference work for the
chemical and plant engineers.

T. N. Rao

POLAROGRAPHY IN MEDICINE, BIOCHEMISTRY AND
PHARMACY by M. Brezina & P. Zuman, translated
from Czech into English by S. Wawzonek (Inter-
science Publishers Inc., New York), Revised English
Edition, 1958. Pp. xviii 4- 862. Price $ 19.50

Since the publication of the second edition of the
two monumental volumes on Polarography by Kol-
thoff and Lingane in 1952, literature on polarography
has accumulated enormously; this is particularly true
of the application of polarography in the estimation
of inorganic and organic constituents of biological and
pharmacological systems. It is gratifying to note
that the volume under review is designed to meet the
requirements of the analytical chemist for the polaro-
graphic estimation of various constituents in a
variety of biological systems like blood, urine, muscle
tissue, proteins, etc. To cite an example, the polaro-
graphic estimation of lead is given for the following
systems: blood, cerebrospinal fluid, urine, stools, liver,
bones, gallstone, cadavers, teeth, foods, plants, phenol,
soil, water and other organic and biological systems.
When the authors had to deal with such a large
number of systems, it is quite understandable that
they could not give the experimental details for
every one of the estimations; but the authors have
spared no efforts in giving suitable references for such
information.

The book is divided into eight parts. The first
part forms the introduction; the second part deals
with the determination of most of the common in-
organic radicals (anions and cations) of the biological
systems; and the third part deals with the estimation
of organic compounds like quinones, halogen deri-
vatives, aldehydes, ketones, .sugars, nitrogen com-
pounds including alkaloids, vitamins, hormones,
sterols, etc. Parts four and five are devoted to the
polarographic studies on proteins and enzymes res-
pectively. Applications of polarographic maxima
in the analysis of body fluids and other systems are
given in part six while buffers and half-wave poten-
tials are discussed in the next part. The last part
is devoted to bibliography, index of materials and
subject index.
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The presentation of the subject matter is excellent
and even a beginner in polarography could easily
follow the methods described. The book will be of
immense value both to the research worker and also
to the chemist who employs the polarograph as an
analytical tool.

M. R. A. Rao

THE AtoM AND ITs ENERGY by Amalendu Das Gupta
(Asia Publishing House, Bombay), 1959. Pp. vii
4 140. Price Rs 9.50

This book is meant to familiarize the layman with

the basic principles, practical applications and poten-

tialities of nuclear energy. The author, a teacher
turned science writer, is now on the staff of the

International Atomic Energy Agency, Vienna, and

has brought to bear his rich experience and skill in

exposition, in writing this book in popular language.

The book is eminently readable and occasionally

gripping, as for example the chapters tracing the

history of making the world’s first atomic bomb and
subsequently the hydrogen bomb.

Starting from the definitions of fundamental terms
like matter and energy, and concepts like atomic
models, chemical and nuclear energy, radioactive
decay, etc., the sixteen chapters of the book take the
reader through various aspects of nuclear energy —
the nature, potentialities (both for peaceful and
destructive purposes), harnessing and control, as
well as the radiation hazards involved in its des-
tructive exploitation. The processes of fission, fusion,
chain reaction, and the principles of reactors, etc.,
have been explained lucidly. Though certain amount
of repetition is evident in the book, it serves to fix,
in the layman’s mind, the concepts and ideas in-
volved. The chapter entitled ‘ Atomic Energy in
India’, which deals with the possibilities and plans to
exploit the country’s huge thorium deposits for har-

nessing power for industry and agriculture, will be

of particular interest to Indian readers.

A table of elements with their atomic numbers for
ready reference and a reading list of books for further
reading, both up to date, and an index have been
appended.

The book will interest both the layman and the
graduate student of Indian universities.

D. S. Sastry
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READING GERMAN FOR SCIENTISTS by Hans Eichner
& Hans Hein (Chapman & Hall Ltd, London;
Distributors tn India: Asia Publishing House,
Bombay), 1959. Pp. xi + 207. Price 30s. net

THE LiviNG Bopy —A TexT IN HuMAN PHYSIOLOGY
by Charles Herbert Best & Norman Burke Taylor
(Chapman & Hall Ltd, London; Distributors in
India: Asia Publishing House, Bombay), Fourth
Edition, 1959. Pp. xi 4 756. Price 45s. net

AN INTRODUCTION TO THERMONUCLEAR RESEARCH —
International Series of Monographs on Nuclear
Energy — Division XIV, Vol. I, by Albert Simon
(Pergamon Press Ltd, London), 1959. Pp. ix +
182. Price 35s. net

A NEw METHOD IN THE THEORY OF SUPERCON-
DUCTIVITY (translated from Russian) by N. N.
Bogoliubov, V. V. Tolmachev & D. V. Shirkov
(Chapman & Hall Ltd, London; Distributors in
India: Asia Publishing House, Bombay), 1959.
Pp.iii ++ 121. Price 50s.

A SuPPLEMENT TO ‘HELIUM’ (translated from
Russian) by E. M. Lifshits & E. L. Androni-
kashvili (Consultants Bureau Inc., New York;
Distributors in India: Asia Publishing House,
Bombay), 1959. Pp. v 4 167. Price 60s.

THE CATHODE RAY TUuBE AND ITS APPLICATIONS
by G. Parr & O. H. Daire (Chapman & Hall Ltd,
London), 1959. Pp. xii + 433. Price 50s. net

ANTIBIOTICS, THEIR CHEMISTRY AND NON-MEDICAL
UsEes, edited by Herbert S. Goldberg (D. Van
Nostrand Co. Inc., Princeton, New Jersey), 1959.
Pp. x + 608. Price $ 15.00

ApvaNcEs IN CHEMICAL Puysics : Vol. II, edited
by I. Prigogine (Interscience Publishers Inc.,
New York), 1959. Pp. x + 412. Price § 11.50

PROGRESS IN VACUUM SCIENCE AND TECHNOLOGY,
edited by A. S. D. Barrett (Pergamon Press Ltd,
London), 1959. Pp. 160. Price 70s. net

PERFUMES, COSMETICS AND Soaps: Vol. I, by W. A,
Poucher (Chapman & Hall Ltd, London), 1959.
Pp. xvi 4 463. Price 75s.

THE GEOCHEMISTRY OF RARE AND DISPERSED
CrEmIcAL ELEMENTS IN SoiLs by A. P. Vino-
gradov (Consultants Bureau Inc., New York),
Revised & Enlarged Second Edition, 1959.
Pp. 209. Price $ 9.50

PHYSICO-CHEMICAL BASIS OF THE ANALYSIS OF THE
PARAGENESIS OF MINERALS (translated from
Russian) by D. S. Korzhinskii (Consultants Bureau
Inc., New York), 1959. Pp. 142. Price § 7.50

PRINCIPLES AND APPLICATIONS OF RANDOM NOISE
THEORY by Julius S. Bendat (John Wiley & Sons
Inc., New York; Distributors in India: Asia Pub-
lishing House, Bombay), 1958. Pp. xxi 4 431.
Price Rs 11.00



NOTES & NEWS

Huygens’ principle and
the diffraction of light

Dr C. V. RAMAN, IN A PAPER
published in the Proceedings of the
Indian Academy of Sciences [50A
(1959), 831, has pointed out a basic
misunderstanding in the classical
Kirchoff’s treatment of diffraction
problems based on the original
ideas of Huygens regarding the
propagation of light, as approached
by Kirchoff. He has also presented
a new analysis of the phenomenon
of diffraction (still based on some
of the conclusions from Huygens’
original concepts) which has been
experimentally verified.

The present analysis rests on the
hypothesis that, since the diffrac-
tion of light is a consequence of the
presence of obstacles in the path of
the light waves, the optical charac-
ter of the obstacles and their con-
figuration space are the very
essence of the problem. Thus,
whereas the diffracting body plays
the leading role in the present
theory, it was not considered at
all in Kirchoff’s formulation. The
latter is based on the idea that the
primary radiation from a source
situated in free space can be ex-
pressed as a summation of secon-
dary radiations from a set of sources
distributed over a closed surface in
free space enclosing the point of
observation. However, even with
radically different approach to the
problem, Raman has shown that it
is possible to base a theory on
Huygens’ concept of partial waves
and his explanation of the reflection
and refraction of light at the
boundary between media with dif-
ferent optical properties. Such a
theory leads to the result that the
amplitude of the secondary waves
vanishes along the plane of the
surface at which they originate and
increases progressively as we move
away from that plane towards the
direction of its normal. According
to Kirchoff’s analysis, the secon-
dary waves should have a maximum
amplitude in the forward direction
of light rays from the original
source and zero amplitude in the
backward direction. The difference
between the consequences of the

two theories is striking cnough to
permit experimental verification
with a simple set-up.

Experiments have been carried
out using diffracting apertures of
various sizes ranging from several
cm. to fractions of a mm. and
angles of incidence from 0° to 90°,
and under different circumstances
in which diffraction manifests itself,
e.g. reflection at a plane surface of
a dielectric or metal, the emergence
of light after refraction through a
transparent medium at various
angles, internal reflection within a
transparent medium at various inci-
dences, and transmission through
apertures in thin opaque screens —
simple and multiple apertures and
plane reflection and transmission
diffraction gratings prepared by
various techniques, have also been
used in these experiments. In all
cases, the consequences of the pre-
sent theoretical approach are com-
pletely vindicated by the facts of
observation.

Harnessing thermonuclear
fusion energy — the DCX

A NEW TYPE OF MACHINE, CALLED
the DCX (direct current experi-
ment), has been designed and
developed at the Oak Ridge
National Laboratory, Tennessee, for
producing a controlled thermo-
nuclear fusion (of deuterium) re-
action. In contrast with other
types of machines used for similar
purposes, it works in the steady
state. The unique feature of the
DCX is the novel method by which
energetic  deuterium jons are
trapped and contained inside a
‘ magnetic mirror . The energy of
the trapped beam is such that no
further heating is required.

The machine is a vacuum tank
containing a magnetic field into
which a beam of deuterium ions
(Dg5) is injected, and then disso-
ciated by a new type of carbon-
arcdischarge. The (D) ions disso-
ciate either into two deuterons
and an electron or into a deuteron
(D*) and a neutral deuterium
atom. The resulting deuterons are
trapped in the magnetic field. By

this method a large density of ener-
getic deuterons can be obtained.
As these impart energy to and
ionize the neutral gas particles, a
randomized plasma will be formed.
If the average temperature becomes
sufficiently high, thermonuclear re-
actions will take place in large num-
bers. The thermonuclear plasma is
being produced in a magnetic mirror
machine, a linear (or axial-field)
device which achieves contain-
ment by a bunching of its magnetic
flux lines at the ends. If the point
of dissociation is properly located,
the path of the trapped particles will
be a circle about the magnetic axis
of the machine. The deuteron den-
sity which can be obtained in the
circulating ring of ions is a function
of the trapped input-ion current
and the rate of escape by various
loss mechanisms. Each D+ ion
will undergo ¢. 20 ionizing collisions
before it becomes lost by charge
exchange.

At a certain value of the trapped-
ion current, the rate of ionization
by the incoming beam will equal
or exceed the influx of neutrals into
the plasma region, and the neutrals
will soon disappear. This condi-
tion is called ‘ burn-out’. Theo-
retically, once the condition of burn-
out has been reached, the circulat-
ing-ion density will build up quite
rapidly to a point where thermo-
nuclear reactions will take place.

An increase in beam current by a
factor of 15, or a corresponding
improvement in vacuum, will put
DCX at the burn-out critical point.
The present accelerator assembly
has demonstrated the ability to
inject more than the needed ion
current, but with the larger beam
currents, better vacuum systems,
not available now, should be deve-
loped [Mech. Engng, 81 (8) (1959),
55].

Three-level maser for
detection of ultramicrowaves

A METHOD TO DETECT ULTRAMICRO-
waves which is more sensitive than
those using the conventional elec-
tronic detectors (in the millimetre
and sub-millimetre range), has been
proposed. The ‘method involves
the observation of the direct transi-
tion between I-type doublet of OCS
molecule either as emission or
absorption using the three-level
maser action. The pumping radia-
tion is supplied by a klystron 2K33
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at the frequency corresponding to
J=2<1 and the I-type doubling
transition at 12-78 Mc/s. for J =1
has been observed by a modified
Pound-Knight circuit.

The principle of the method will
be clear from the following: Con-
sider a system of molecules having
three energy levels E,, E, and Eg
such that a transition between
levels E, and E; corresponds to the
conventional microwave frequency
vo. When the other transition be-
tween the levels E; and either E,
or E; is allowed the system can be
used to detect high frequency
waves at frequencies v, or vy.
Absorption at ultramicrowaves at
the frequency v, or vy changes the
population of levels and results in
the increase or decrease of micro-
wave absorption at the frequency
v. The ultramicrowaves at the
frequency v, will be appreciably
absorbed by a small amount of
gas. It can be easily shown that
the absorbed ultramicrowave power
(AP) can be expressed as
o, B0lty oy,

4 v, vl

AP = “—
where 4 is Planck’s constant; c,
velocity of light; Av, and Av,,
the half-widths of the lines; p,, the
dipole matrix element; V, volume
of the gas and A«, is the change
in the gas absorption coefficient
at the frequency v,. It is signi-
ficant that the above equation does
not include #, or m;. Thus, it is
desirable to have large value of
| o | and high absorption coefficient
at frequency v,. Assuming typical
practical values for Av, = Av, = 100
ke/s. and |p,/2=3D? the above equa-

tion reduces to AP = V. 22 . Aw,. 10
Vv,

watts. As a typical microwave
spectrometer can detect changes in
absorption of the order of 10-8 cm.~!
the minimum detectable power at
Ap=clvy=04 mm. is AP[V=3x
10-1 W./cu. cm. Due to high
absorption of ultramicrowaves a
long waveguide cell should not be
used and a compromise will be the
use of a cavity cell tuned to the
frequency v, in which the ultra-
microwave is radiated. With a
cell volume of 10 cu. cm., a power
of 3 X101 watts is detectable.
Crystal detectors are estimated
to just detect a power of 10-¢ watt
at the same wavelength []. phys.
Soc., Japan, 14 (1959), 966].
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Tunnel diode

A TINY ELECTRONIC DEVICE, THE
‘ tunnel diode ’, developed by physi-
cists of the General Electric Co.,
Schenectady, U.S.A., in which tiny
electrical charges at extreme speeds
tunnel through silicon, germa-
nium and compounds of gallium
and indium, may ultimately replace
the transistor in many of its appli-
cations. The tunnel diode is so
tiny that a radio transmitter of the
size of a 50-cent piece was built
with it, including battery. The
radio successfully transmitted to a
nearby F.M. receiver. One special
advantage of the tunnel diode is
its resistance to nuclear radiation,
outranking the transistor 1000 to
1 in this respect. It is also little
affected by the environmental con-
ditions. It can withstand much
higher temperatures (up to 650°F.)
than the conventional silicon diodes
which fail at c. 400°F.

The tunnel diode is an improve-
ment of the ‘device first reported
by a Japanese scientist in 1958 and
only limited quantities are now
being made available to industry
for experimentation. In contrast
to other devices which involve
switching and amplification, the
tunnel diode works at the speed of
light, which enables the attainment
of frequencies higher than 10,000
Mc/s. At frequencies higher than
2000 Mc/s. the device has already
given a performance matching the
best transistor available. Possible
application of the tunnel diode is in
miniature radios, fast computers
and controls for nuclear reactors.
The tunnel diode requires only a
millionth of a watt of power to
work, compared: to the one thou-
sandth of a watt for the transistor
and one-tenth of a watt for a con-
ventional triode valve. But the
tunnel diode has a peculiar pro-
perty that, as the voltage applied
across it increases, the transmitted
current decreases [Sci. Newslett.,
Wash., 76 (1959), 68].

Electrolytic jet machining

A NOVEL TECHNIQUE TO OBTAIN
thin foils of steel and other hard
ferrous alloys for direct examina-
tion by transmission electron
microscopy, without destroying
or modifying the structure of the
metal, is reported. The technique
involves an electrolytic jet machin-
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ing operation on the specimen blank
in a specially designed apparatus,
followed by controlled electro-
polishing. As the deformation
caused by surface grinding is not
likely to extend to more than
50-100 p. below the surface, the
electrolytic machining operation is
made to remove considerably more
material than this thickness on
cither side of the cut blank.

In the electrolytic jet machining
apparatus, built mainly of Perspex
and Tufnol, the electrolyte (a mix-
ture of concentrated hydrochloric
acid and concentrated solution of
cupric chloride in the ratio of 3: 1)
is made to flow through a copper
tube-cathode which is connected
to a glass nozzle, ¢. 1 mm. in
diameter. The specimen holder is
mounted perpendicular to the jet
assembly with the specimen c. 2
mm. from the end of the glass
nozzle. The jet traverses back-
wards and forwards across the
specimen at a constant velocity
30 times a minute, while the speci-
men is also moved slowly (1 cycle
in 6 min) up and down, at
constant speed, at the appropriate
speeds, by a geared constant speed
motor. A potential of 40-50 V.
and a current of 2 amp. are used,
giving a rate of metal removal of
about 10 p/min. over the 1-in.
square window cut in the specimen.
Since the rate of metal removal is
fairly constant at 300 p/amp. hr
even for different steels, the thick-
ness of the specimen at any time
during the thinning operation can
be estimated from the initial thick-
ness, the machining time, and the
current. The error in the present
apparatus in determining the thick-
ness of the metal removed is less
than 2 per cent of the amount
dissolved.

The thinned specimen is removed
from the apparatus at a thickness
of 50-100 p, washed and then
electropolished in 10:1 acetic-
perchloric acids to reduce the
thickness to 20 @. The final re-
duction is done in this way, as the
degree of control of the thinning is
better using ordinary electropolish-
ing. The ‘ figure of eight method ’
developed by Brandon and Nutting
for producing thin foils of iron is
used in the final thinning of the
specimen. Thin foils (20 p thick)
of 0-14 and 0-98 per cent carbon
steels, in various conditions of heat
treatment, have been successfully



prepared from bulk specimens using
this method [J. Iron St. Inst., 192
(Pt 3) (1959), 246].

Measurement of small
variations in potential gradient

AN ACCURATE AND RELIABLE ELEC-
tronic instrument by which the
changes in potential difference
between any two points in a
conducting liquid can be mea-
sured is described. The instrument
finds application in the study of
cataphoretic velocity of colloidal
particles.

A potential divider applies a
highly stabilized voltage across the
clectrodes of a U-tube and a
resistance R (one hundredth of
the resistance of the liquid in the
U-tube) in series. The potential
at that end (Q) of the resistance R,
which is connected to one of the
limbs of the U-tube, is initially
balanced by connecting a vacuum
tube voltmeter (V.T.V.M.) between
Q and a suitable point on the
potential divider. Any subsequent
minute changes in the current
(from 0-02 to 0-002 ma.) of the liquid
circuit can be detected and mea-
sured by the V.T.V.M. reading; a
sensitive galvanometer may also
be used in the place of the V.T.V.M.

The changes in the potential
between any two points on the limb
of the U-tube containing the con-
ducting liquid can also be deter-
mined by fusing platinum termi-
nals at the required points and sup-
plying the connections previously
corresponding to the ends of the
U-tube at these points. Due to the
small magnitude of the potential,
the change in potential is ampli-
fied by a valve circuit before feed-
ing to a V.T.V.M. [Agra Univ. J.
Res. (Sci.), 8 (Pt 1) (1959), 89.

Magnetometric titration

A NEW METHOD OF QUANTITATIVE
chemical analysis called ‘ magneto-
metric titration’ requires only
small amounts of the solute for the
estimation of an ion. The method
consists in the addition of a com-
plexing agent to the solution of a
paramagnetic ion in solution.
However, the method is applicable
only in cases where the formation
takes place of a new complex ion of
different pN and of high stability
in solution (uN is a parameter
expressing the effectiveness of a
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particular solute in this pheno-
menon, also called the ‘effective’
paramagnetic moment of the solute).
Concentration (C) of the ions is then
determined from the equation

(I71 =Ty = apN*C

where T, and T, are spin-lattice
relaxation times in the presence
and absence of added solute res-
pectively and « is a proportionality
constant. uN can be determined
by the use of alow-resolution nuclear
magnetic-resonance spectrometer.
In practice the values of T71—T¢},
corrected for the dilution effect
which accompanies the addition of
the titrating agent, are plotted
against the amount of complexing
agentadded to a solution of the ion
tobeestimated. The dilution of the
reaction mixture during the experi-
ment can be kept low by using a
concentrated solution of titrating
agent but it is easily allowed for
by multiplying the values of
T;'—T;! by V|V, where V, is the
initial volume of the solution and V'
the volume after addition of the
titrating agent [Nature, Lond., 183
(1959), 1804].

Molecular sieves

MOLECULAR SIEVES ARE FOUND TO
have potential uses in organic che-
mistry for drying and purification
of substances, for the separation of
compounds of similar chemical and
physical behaviour, and as reagent
carriers for halogens, simple olefins,
alcohols, aldehydes and amines.

Linde molecular sieves employed
as selective adsorption agents are
dehydrated synthetic zeolites cha-
racterized by their ability to retain
certain substances by forming
macromolecular inclusion com-
pounds. This ability is due to the
existence of cavities interconnected
by channel-like restrictions in the
aluminosilicate framework. Origi-
nally, these spaces are occupied by
water, but dehydration leaves
empty cavities and pores, without
any damage to the crystalline
structure. At present, there are
two major types available: Type
4A, a sodium aluminosilicate, pre-
senting, in the hydrated state, the
unit cell formula

Nay,[(AlOy)15(510,)15], 27H,0
where the apparent diameter of the

pores is about 45 A., and Type
5A, where sodium has been ex-

changed by calcium, with a unit cell
composition Cag[(AlO)5(SiOg)1a],
30H,0, which has an apparent pore
diameter of about 5-5 A. These
two types can adsorb molecules of
critical dimensions up to 4:7 A. and
5-6 A. respectively; the critical di-
mension of a molecule is the dia-
meter of the circumscribed circle of
its cross-section of minimum area.
Many applications of molecular
sieves are reported. For example,
molecular sieves are satisfactory
dehydrating agents for rapid dry-
ing of substances and mixtures and
may be employed in the puri-
fication of certain organic subs-
tances. They cannot be used as
catalysts in the cold in condensation
reactions where water is eliminated,
instead of heating or using chemical
agents such as concentrated sul-
phuric acid, because they cannot
provide the necessary activation
energy for starting the reaction.
An important potential use lies
in the separation of compounds of
very similar chemical and physical
behaviour, but with different criti-
cal dimensions, as in the case of
straight chain alkanes and their
branched-chain isomers. Thus, it is
possible to separate and estimate
some individual representatives of
normal alkanes from a complex
mixture of paraffinic hydrocarbons.
This is done by shaking the mixture
with the zeolite followed by wash-
ing with benzene. The hydro-
carbons retained on the sieve are
liberated by treatment with water.
Similar results may be obtained in
other series, e.g. the separation of
n-pentyl alcohol from a mixture of
pentyl alcohols. The most pro-
mising application seems to be the
utilization of molecular sieves as
reagent carriers for halogens, simple
olefins, alcohols, aldehydes and
amines, to effect reactions in hetero-
geneous media. Gradual introduc-
tion into the reacting mixture of a
reagent previously adsorbed on the
synthetic zeolite can be performed
by displacement by means of a
compound with greater affinity
to the molecular sieve, such as
water, methyl alcohol, etc., which
may be liberated from the reaction
itself [ J. appl. Chem., 9 (1959), 417).

Assessment of nutrients
in agar

A METHOD REPORTED FOR THE
assessment of nutrients in agar
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consists in exposing a small number
of cells to a comparatively large
volume of substratum in a manner
that allows convenient deter-
mination of the amount of growth
produced by each cell of the
inoculum.

A millipore membrane filter of
type TV 20 . thick with pore size 50
wp, is cut into pieces, 5x 10 mm.,
sterilized by autoclaving in distilled
water and placed on the surface of
sterilized filter paper in a petri dish.
Each piece is seeded with a plati-
num loop of washed cell suspension.
If the petri dish contains two 9-cm.
Whatman No. 3 filter papers with
one 7-cm. No. 1 filter paper on top,
the whole being moistened with
5 ml. sterilized water or buffer,
the suspension liquid is drawn
through the membrane into the
filter papers by surface tension
forces within a few seconds, leaving
the cells on the surface. This
operation makes a filtration funnel
unnecessary for membrane seeding,
with resulting economy in area of
membrane needed per experiment.
The pieces of membrane can then be
conveniently transferred with a
small stainless steel spatula to any
desired environment. At the end
of the growth period, the membrane
pieces are transferred to small drops
of erythrosin-saturated lactophenol
on a slide. The lactophenol par-
tially clears the membrane and the
cells are made more easily visible
by the dye. The mounts thus
prepared are semi-permanent and
growth on each substratum is
estimated by inspection with the
high dry objective of 50 randomly
selected colonies [Canad. |. Micro-
biol., 5 (1959), 421].

Reconstitution of
tobacco mosaic virus

EVIDENCE FROM CHEMICAL, PHY-
sico-chemical, electron-microscopi-
cal and X-ray studies has result-
ed in a definite concept of the
structure of tobacco mosaic virus
(TMV) particle. It has been sug-
gested that about 2800 protein sub-
units of a molecular weight of
approximately 18,000 are arranged
in a helical shape to form a rod with
hollow core in which the nucleic
acid occurs as strands. When the
two are separated, the protein is
non-infectious whereas the nucleic
acid alone can initiate the disease,
although only at several hundred-
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fold higher concentration than the
intact TMV. On the addition of
native virus protein to infective
nucleic acid, a co-aggregation
occurs to some extent, leading to
the formation of particles which are
very similar, if not identical, with
the original virus. A consequence
of this reaction is an enhancement
of the infectivity of nucleic acid.

H. Fraenkel-Conrat and col-
leagues [Biochim. biophys. Acta, 33
(1959), 359] have now clearly de-
monstrated that reconstitution of
protein and nucleic acid com-
ponents of several strains of TMV
takes place to form active pre-
parations possessing 30-80 per cent
of the infectivity of undergraded
virus in pyrophosphate or substi-
tuted pyrophosphate (e.g. nucleo-
side diphosphate) media between
pH 7-0 and 7-7 at 30-35°C.

The chemical nature of the
progeny and infectivity character
of active virus have been shown
to be characteristic of the strain
supplying the nucleic acid whereas
serological characteristics are de-
termined by the protein donated
by the virus. That about 5 per
cent of RNA is incorporated into
stable sedimentable nucleoprotein
has been shown by the aid of P32-
labelled RNA.

This finding of a viral activity
showing properties characteristic
of each parent strain appears to
rule out any interpretation of the
mode of virus reconstitution other
than the i wvitro production of
active principles from the two
components.

Candida albicans infection

INDISCRIMINATE ~ ADMINISTRATION
of antibiotics is iow known to lead
to an increased incidence of Candida
infections. Candida albicans is a
pathogenic yeast-like fungus often
found in the skin, gastro-intestinal
tract, etc. Although individuals
differ in their sensitivity to this
organism, diabetics and those who
generally use detergents and work
under humid conditions seem to be
particularly susceptible to it. The
widespread use of diverse anti-
biotics may be considered to be a
major factor in that the normal
microbial flora of the human body
is thereby altered, apparently in
favour of C. albicans.

However, the frequent associa-
tion of C. albicans with Mycobac-

terium tuberculosis noticed in the
sputum of pulmonary tuberculosis
patients is a point of serious
consideration, since a polysaccha-
ride synthesized by C. albicans has
now been demonstrated to be a
growth-promoting factor for the
tubercle bacillus — including those
strains isolated from patients ad-
ministered with streptomycin and
isonicotinic acid hydrazide (INH).
The polysaccharide contains glucose
and mannose. It is considered that
a possible structural relationship
between streptose moiety of
streptomycin and the polysaccha-
rides of M. tuberculosis and C.
albicans, may explain the mode of
action of streptomycin in inhibit-
ing the biosynthesis of the Myco-
bacterium polysaccharide [Canad. |.
Microbiol., 1 (1954), 85; 5 (1959),
261].

These observations are of con-
siderable importance in the treat-
ment of tuberculosis and indicate
the necessity of an effective control
of C. albicans infection with supple-
mentary administration of anti-
fungal antibiotics. This point may
require serious consideration by the
clinicians in future.

Atomic energy developments
in Austria

AUSTRIA'S DOMESTIC POWER RE-
sources are inadequate to meet the
growing demands of industry. The
country’s power requirements for
the expanding industries and public
utilities have increased four-fold
in the past decade: power consump-
tion in 1946 was 3 billion kWh.
as compared to 13-5 billion kWh.
in 1958. In order to meet the
continuously increasing demand for
power, Austria is at present engaged
in developmental plans designed to
provide a large part of the country’s
power requirements through atomic
cnergy.

As a member of the European
Nuclear Energy Agency, Austria
established in 1956 the Austrian
Society for the Study of Atomic
Energy which has been allocated
105 million Austrian Shillings for
the period 1956-60. Of this, 49-52
per cent come from industrial
enterprises interested in atomic
energy research and 50-48 per cent
from the Austrian Federal Govern-
ment, a part of which has been
contributed by the U.S. Atomic
Energy Commission under the 1956



Agreement and by the funds
allocated under the Marshall Plan.
One of the main tasks of the Society
is to construct and operate a 5 MW.
swimming-pool type research re-
actor, ASTRA, which will be built
by the American Machine and
Foundry Co., New York. The
concrete cupola of the reactor has
already been completed and the
assembly of the atomic pile is under
way.

The Society works in close colla-
boration with the International
Atomic Energy Agency at Vienna,
which has set up its laboratories on
the campus of the atomic reactor
centre at Seibersdorf. The reactor
centre provides opportunities for
the training of scientists and tech-
nicians from Austrian universities
and technical colleges in the fields
of nuclear physics, reactor techno-
logy and related fields. The reactor
will also carry out experimental
work for industry and also in
agriculture. Its immediate task,
however, is to provide practical
knowledge in the planning and
construction of atomic power
stations in Austria.

Central Laboratories, C.S.I.R.,
Pakistan

THE FOUNDATION-STONE OF THE
Central Laboratories of the Pakis-
tan Council of Scientific & In-
dustrial Research to be built in
Karachi was laid by the Presi-
dent of Pakistan on 6 April 1959.
The construction of the Labora-
tories buildings, furnishing and
equipment are cstimated to cost
Rs 10,900,000. The Laboratories
will consist of seven divisions for
research in Physics & Testing;
Building Materials; Plastics, Paints
& Varnishes; Fuels; Chemistry;
Drugs & Pharmaceuticals; and
Biology.

ICSU Review

THE ELSEVIER PUBLISHING CO. HAS
started, since the beginning of 1959,
this new quarterly publication for
the International Council of Scienti-
fic Unions (ICSU). In addition to
articles embracing different bran-
ches of the natural sciences, ICSU
Review will contain information
about the activities of the ICSU
and its member unions, reports on
the symposia organized by the
unions, forthcoming meetings, as
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well as reviews of the publications
of the unions. It will also provide
a forum for discussion of problems
of interest to all members of the
Unions of the ICSU and to scien-
tists in general.

The International Journal of
Mechanical Sciences

THE PErRcAMON PRrESs Ltb,
London, has commenced, since the
summer of 1959, the publication,
in English, of The International
Journal of Mechanical Sciences.
The journal will publish original
research work in mechanical and
civil engineering sciences. The
journal will cover many topics of
engineering research which, because
they fit under no well-defined
headings, are not treated in the
established specialized journals.
Reviews and critical appraisals of
published material, translations of
outstanding papers hitherto not
available in English and selected
letters to the editor will also be
published from time to time, in
addition to preliminary announce-

. ments of original work of impor-

tance warranting immediate publi-
cation.

The subscription for the journal
is £ 6 (% 17.00) per volume for
libraries and £ 3 10s. ($ 10.00) for
certified individual subscribers.

Journal of
Electroanalytical Chemistry

Tue ELsevieEr PusLisHiNG Co.,
Amsterdam, has started the publi-
cation of a new international
journal entitled the Jowrnal of
Electroanalytical  Chemustry with
effect from 1959. The subjects
covered by the journal will include:
potentiometric, amperometric and
coulometric determinations; recent
developments in  polarography:
chronopotentiometry,  oscillogra-
phic polarography, square wave
polarography, anodic stripping;
conductimetry; and high-frequency
methods. The journal will also
contain papers on fundamental
problems of electrochemistry. The
annual subscription is £ 6 5s.

Comparative Biochemistry and
Physiology

AN INTERNATIONAL JOURNAL OF
interest to workers in the fields of
physiology, biochemistry and zoo-

logy is the Comparative Biochemistry
and Physiology, being published
by the Pergamon Press Ltd,
London, since the summer of 1959.
It publishes papers containing the
results of original research on the
biochemistry and physiology of
animals (vertebrate and inverte-
brate). Particular attention will
be paid to those papers that
compare the biochemistry and
physiology of various animals.
Papers dealing with clinical or
applied aspects of the subject will
not be considered.

The new publication, issued
quarterly, will contain review
articles, reports of conferences,

book reviews in the fields of bio-
chemistry, physiology and zoology,
and letters to the editor. The
preferred language for papers and
other communications is English,
but papers in French or German
may also be accepted if they are
provided with an English abstract.

Translations of
Soviet research publications

THE CONSULTANTS BUREAU HAS
recently published the following
English translations of Russian
publications reviewing the research
work done in the U.S.S.R. in a
number of scientific disciplines:
Soviet Research inCrystallography,
1956 (§ 10.00), is a collection of

reports which appeared in the 1956

issues of some Soviet chemical
journals. Another publication, the
Soviet Research in Fluorine Che-
mastry, 1949-56, is divided into three
volumes. Part I ($ 15.00) is devo-
ted to organic fluorides and fluoro=
carbon olefins, Part II ($ 20.00)
to inorganic fluorides and analysis
and Part IIT (§ 20.00) to hydro-
gen fluoride, boron trifluoride and
its etherates, and fluoborates. The
complete collection is priced at
$ 45.00.

New Instruments and Methods of
Engineering Geology ($ 3.25) reviews
the present methods and equip-
ment utilized by the Soviet engi-
neering geologists and hydro-
logists emphasizing, in particular,
the methods based on the radio-
active properties of elements.

Syntheses of Heterocyclic Com-
pounds, Vols. I and IT ($ 6.00), is a
guide to the laboratory preparation
of heterocyclic compounds. Itisa
translation of the series of collec-
tions of methods of syntheses,
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originally published by the Arme-
nian Academy of Sciences.

Corrosion of Chemical Apparatus
(§ 7.50) is a monograph on inter-
crystalline corrosion and stress
corrosion of various metals and
alloys used in chemical machine
construction. In this book are
discussed the fundamental causes
of these types of corrosion, specific
cases of destruction of industrial
equipment, and methods of protec-
tion of metals against corrosion
cracking.

With a view to making quickly
available, to the Western metal
scientists and technologists, the
abstracts of technical articles ap-
pearing in the journals of the
U.S.S.R., the East European and
Slavonic countries, and the Peoples’
Republic of China which either do
not appear or appear belatedly in
the Western abstracting journals,
the Pergamon Press has started
publication of a new monthly, The
Abstracts  Journal of Metallurgy,
Part B, a translation of the Russtan
Referationy: Zhurnal, which abs-
tracts scientific and technical in-
formation throughout the world.
However, in these abstracts, the
readily available Western source
material will be omitted. Part B
will complement Part A (in which
are published mainly abstracts of a
highly scientific nature) and will
contain abstracts on a compre-
hensive range of technological
subjects. The annual subscription
of the new journal will be £ 17 or
$50.00 for industrial subscribers
and libraries and £ 8 10s. or $ 25.00
for individual members of the
various approved mining and
metallurgical associations and other
institutions.

Translation of
Chinese scientific literature

THE NATIONAL SCIENCE FoUNDA-
tion, U.S.A., will begin next year
to translate many of the scientific
and technical journals that are
published in the Peoples’ Republic
of China. According to a survey

by the Foundation, about 450
scientific journals are published in
China.

Second U.N. Conference on
Peaceful Uses of Atomic Energy

The Official Editions of the Pro-
ceedings of the Second United
Nations International Conference on
the Peaceful Uses of Atomic Energy
fill the need for a comprehensive
reference library and cover the
entire field of the peaceful uses of
atomic energy.

The Official English Edition,
published in 33 de luxe bound
volumes, is the only complete
publication of the entire conference.
It includes: (1) the complete texts
of the 2137 research papers on
atomic science and engineering
submitted by nuclear authorities
of 46 countries, (2) the verbatim
record of the informal discussion
periods after the formal sessions,
(3) and the 15,000 author-sub-
mitted illustrations.  Additional
research aid is provided by the
authors’ List of Reference Material
at the end of each paper, and the
Index Volume (Vol. 33) leading the
user to any paper within the vol-
umes by three methods of search:
the author index, the subject-
word index and the conference
paper number index.

To enable an economy to be made
by making proper selections to
serve particular needs of individual
libraries, purchase of individual
titles of Official Proceedings Edi-
tions, separately or in groups, e.g.
Physics, Chemistry, Reactors, etc.,
is allowed.

Orders may be sent directly to:
United Nations, Sales Section-
PUAE, New York, N.Y.

Symposium on
Prestressed Concrete
as Applied to Buildings

The Proceedings of the Symposium
on Prestressed Concrete as Applied
to Buildings, held at Roorkee in
February 1958, has been published

by the Central Building Research
Institute, Roorkee. It includes
twenty-three papers contributed
by experts in the field from
US.S.R., UK, US.A. and India.
The broad subjects covered in the
papers are: (1) Materials and
Methods, (2) Prestressed Roofs for
Buildings, (3) Research, and (4)
Economics of Prestressed Concrete
as  Applied to Buildings. The
publication is priced at Rs 5.00 and
can be obtained from the Director,
Central Building Research Insti-
tute, Roorkee (U.P.), India.

Announcements

w The Twenty-fifth Annual Meeting
of the Indian Academy of Sciences
will be held at Annamalainagar
from 26 to 28 December 1959 under
the auspices of the Annamalai
University.

a The Twelfth Annual Scientific
Meeting  of the Palacobotanical
Society will be held at the premises
of the Birbal Sahni Institute of
Palaeobotany, Lucknow, on 22 and
23 January 1960. The programme
includes lectures, reading of papers
and discussions. Palacobotanists
from all over India will be parti-
cipating in the discussions.

ERRATUM

Article entitled ““ Expression of
Humidity in Centigrade-Gram-
Metre System ”, 18B (1959), 348,
caption for Fig. 1, for: “ The
C.G.M. psychrometric chart (baro-
metric pressure = 100 mb. or 750
mm. of mercury) [V 4, water vapour
concentration, g./cu. m. of dry air;
Va, water vapour concentration ]”
read: ** The C.G.M. psychrometric
chart [Barometric pressure = 1000
mb. or 750 mm. of mercury; water
vapour concentration in the atmo-
sphere in g./cu. m. is obtained
by multiplying the vapour con-
centration in g./cu. m. of dry air
by the factor (10001 x vapour
pressure in mb.)] "



Progress

INDIAN ASSOCIATION FOR THE CULTIVATION
OF SCIENGE : 1958-59

THE NEW DEPARTMENT OF APPLIED HiGH POLYMERS
started functioning from the beginning of the year
under review. The Council of Scientific & Industrial
Research, New Delhi, sanctioned eight research
schemes tenable in the laboratories of the Association
for the year 1958-59. Eighteen senior scholarships
were made available by the Government of India
under its scheme of training research scholars. Two
special monographs published during the year covered
the following subjects: The Modern Theory of Tur-
bulence by Prof. N. R. Sen, being the text of his

Ripon Professorship Lectures and Molecular Physics

and Intermolecular Forces by Prof. J. O. Hirschfelder,
being his Coochbehar Professorship Lectures.

A new method for determining unlike interactions
on the Lennard-Jones (12:6) model by combining
interdiffusion and viscosity data on gas mixtures has
been suggested and applied to cases where accurate
interdiffusion data are available at only one or two
temperatures. An apparatus for measuring inter-
diffusion of gases over a wider range of temperature
and employing tracer technique has been designed
and is being fabricated.

Studies on the effect of chemical and other treat-
ments on the conductivity of graphite along the
principal axis have shown that the loose type of
binding that exists in crystals of graphite in the
direction parallel to the principal axis is affected
by such treatments which are usually undertaken
to purify the naturally occurring crystals. Such
treatments cause a definite derangement in structure
along particular directions perpendicular to the basal
plane. It is, therefore, obvious that such purified
crystals may not show the peculiarities in electrical
conductivity along the principal axis, namely the
semiconduction along the basal plane.

A new self-recording grating spectrophotometer
for studying many problems of Raman effect has
been constructed; the resolving power of the grating
used is about 150,000.

A résumé of the work done in the Physics and
Chemistry Departments of the Association is given
below.

Physics — Measurements of single crystal rotation
and Weissenberg photographs of o-tolidine have been
obtained, and its cell dimensions have also been
accurately determined. These studies have shown
that the crystal belongs to the ortho-rhombic system
and its space-group 1s P2,2,2,. Appearance of a
Renninger reflection has been reported. The crystal
class, unit cell dimensions and space-group of chini-
zarin have been determined and the results show
that the crystal belongs to the monoclinic prismatic
class, the space-group being P';’,n—C:'_;/l. The unit cell
contains four molecules.

The intensity distribution in the ‘wing’ of the
Rayleigh line due to pyridine, a-picoline, o-cresol,
o-chlorophenol and p-xylene at temperatures just

Reports

above the freezing points of the liquids and also at
room temperature has been determined quanti-
tatively and it has been concluded that at lower
temperatures small groups of molecules are formed
and intermolecular vibrations in these groups pro-
duce very broad bands of distances beyond 45 cm.-!
from the Rayleigh line in some cases. With solidi-
fication these bands become sharp.

Luminescence spectra exhibited by chloro- and
bromo-toluenes have been found to be excited strongly
when the monochromatic exciting radiation from a
carbon arc has a mean wavelength of about 3650 A.,
and very weakly when the wavelength is increased
to 3750 A. The luminescence, however, disappears
when the wavelength of the exciting radiation is in-
creased to 3800 A. These studies suggest that
luminescence is produced by direct excitation to the
triplet state and emission thereafter, and that the
selection rule regarding singlet-triplet transition is
violated. :

The relative intensities of the central component
and Brillouin components in the light scattered by
water and acetone have been studied using a tech-
nique in which it has been possible to eliminate stray
light almost completely. It has been concluded that
the higher intensities of the central component in the
light scattered by these liquids are due to the presence
of stray light and that the correct values observed are
in agreement with Landau and Placzek’s theory.

The problem of the analysis of nucleon-nucleus
scattering at high energies has been extended by
taking the spin-orbit coupling term along with Woods-
Saxon type of nucleon-nuclear potential. For small
angles the scattering cross-section is not affected
by the spin-orbit coupling term which predominates
as the scattering angle increases. At 30° angle of
scattering the contribution of the spin-orbit coupling
term to the scattering cross-section is ten times
greater than that of the central potential. The experi-
mental values agree with those calculated on the
basis of Born approximation for 300 MeV. protons.

An anisotropic solution of the Einstein gravi-
tational equations has been obtained. The solution
is cosmologic in the sense that it extends over all
space and the world lines of matter form a coherent
pencil of geodesics. The distribution of the matter
is uniform as t—>co; the solution asymptotically
tends towards isotropy.

Chemistry — A detailed investigation of the poly-
merization of methyl methacrylate using various
laurate soaps and in particular ferric laurate has
shown that the rate of polymerization behaves
abnormally with respect to catalyst concentration and
also the degree ot polymerization goes on increasing
with time in the same run even for low yields, a
fact which is difficult to be reconciled with the type
of polymerization mechanism. Polymers containing
built-in dye units have been prepared and their pro-
perties are being investigated. Physico-chemical
studies on synthetic polymeric ampholytes have
shown that these polymers exhibit precipitation
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phenomena analogous to ‘ denaturation ’ of proteins.
The kinetics of precipitation have been studied and a
mechanism has been proposed; the energy of acti-
vation has also been worked out. Hemmet'’s acidity
function for perchloric acid and hydrochloric acid in
pure ethylene glycol and glycol-water mixtures has
been determined employing p-nitroaniline, 1-nitro-
aniline and 4-chloro-2-nitroaniline as indicators.
Kinetics of the two reactions, inversion of sucrose
and iodination of acetone, in the same media have
been studied and useful correlations between acidity
function and reaction rates have been obtained.

DEPARTMENT OF ATOMIC ENERGY :
ANNUAL REPORT, 1958-59

THE NEW ATOMIC ENERGY COMMISSION, CONSTITUTED
by a resolution of the Government of India on
1 March 1958, commenced functioning from June 1958.
The Commission is responsible for (1) formulating
the policy of the Department of Atomic Energy for
the consideration and approval of the Prime Minister,
(2) preparing the budget of the Department of Atomic
Energy for each financial year and getting it approved
by the Government, and (3) implementing Govern-
ment’s policy in all matters concerning atomic energy.
An Architecture and Civil Engineering Division
has been established which is responsible for civil
engineering work of the Commission.

A major project completed during the year was the
design and construction of a plant for the manufac-
ture of atomically pure uranium metal; the first ingot
of uranium weighing 40 kg. was produced in January
1959. Another important development concerns a
process worked out for the production of atomically
pure graphite from petroleum coke and tar.

Physics — The physics group have made a preli-
minary study of a power natural uranium reactor
moderated by an organic compound in which the
hydrogen atoms are replaced by heavy hydrogen
atoms. Organic moderators offer a number of ad-
vantages, such as high boiling point and good heat
transfer properties and thus do not require the use
of vessels capable of withstanding extremely high
pressures; they also do not present any serious corro-
sion problem.

Investigations on the behaviour of neutrons in
materials such as water, graphite and beryllium oxide,
used as moderators in reactors, have been carried
out in the Nuclear Physics Division. Transmission
of fast neutrons has been studied in graphite, water
and water plus lead media. These studies are im-
portant for the design of reactor shields and in the
verification of theoretical calculations. The slowing
down age of neutrons from various neutron sources
has also been studied in water-aluminium mixture
as this parameter is necessary in the evaluation of
the critical size of a water-moderated reactor.

A number of specialized electronic instruments
have been designed and fabricated such as a 21-
channel analyser for measuring the time of flight
frequency. A xenon poison computer, which will
permit more efficient operation of the reactor Apsara,
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at high power, has been designed and constructed.
A miniature fission counter for flux distribution
measurements has also been constructed. A special
spectrometer useful for locating brain tumours and
for liver and gall-bladder function studies (by ex-
ternal counting) was constructed and supplied to the
Mental Health Institute, Bangalore. Equipment has
been built and is being used to determine minute
quantities of radioactivity in foods, such as vegetables
and milk. It is proposed to extend the analyses to
measurements of radioactivity in the human body.
Radiation meters (165) for prospecting for atomic
minerals and laboratory instruments (169) were
manufactured during the year, thereby saving
approximately Rs 5 lakhs of foreign exchange.

Chemistrv — The most important work being done
in this Division is in connection with the tracer study
made in collaboration with the Bombay Port Trust
and the Hydraulic Research Station, U.K., to inves-
tigate silt movements in the Bombay. harbour. The
information gained from this study will be used in
planning a large-scale dredging operation, which is
shortly to be undertaken.

Engineering — The feasibility of different reactor
systems for power generation has been investigated
in detail, including an organic moderated and cooled
reactor,

Studies have been carried out on heat transport,
corrosion and compatibility problems met with in
reactors. Two out of pile experiments were started.
The first is a wind tunnel type experiment designed
to provide heat transfer data on fuel element cans
for gas-cooled reactors. The second is an experi-
ment in which the conditions prevailing in one of
the channels of a gas-cooled power reactor are
simulated. A third experiment started later and
being continued employs a liquid metal loop, and
will provide necessary experience in the handling
of liquid sodium and also develop satisfactory designs
of sodium-water heat exchanges. A fourth experi-
ment concerns with the design of a high pressure
gas loop to be inserted in the Canada-India reactor for
compatibility and fuel element development studies.

A new method of separating hafnium from zirco-
nium was developed and nuclear grade zirconium
salts prepared on a laboratory scale.

Biology and medicine — In the Biology Division,
emphasis has been on investigations concerned with
*the effects of neutron ionizing radiations of various
types and chemicals on biochemical systems. By
using special radioactive chemicals like tritium-
labelled thymidine, it has been possible to obtain an
insight into the structure and mode of duplication
of genes. Studies on the effect of millet (Setaria
italica) and Isafghol (Plantago ovata) by thermal
neutrons have shown that at low dose levels, the
plants grow more vigorously and faster than the
controls. Synthesis of specific chemical substances
as potential chemotherapeutic agents against tumours
in experimental animals has been a new development
of the Division. Work has also been initiated on
problems of food sterilization and pasteurization
using ionizing radiations,
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ULTRA-HIGH SENSITIVITY FREQUENCY RESPONSE:
DUAL-BEAM O0SCILLOSCOPE de to 100 ke

SYNCHRONIZATION SOURCE:

OFFERS A GREAT VARIETY External, power line or internal pickoff
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polarity.
OF DISPI' Ys SWEEP SPEEDS:

Calibrated sweeps, 19 fixed steps ranging
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plete amplitude calibration facilities on both | sec/em to 2 usec/cm.

SWEEP EXPANSION:

Up to five times full scale on either
channel independently with no on-screen
distortion.
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Up to three time full scale.

VOLTS/DIVISION RANGES:
VOLTS PER DIVISION switch settings
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CATHODE-RAY TUBE:
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HAND-CRAFTED WIRING
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Allen B. Du Mont Laboratories, Inc., U.S.A.

Distributors:
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EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED
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‘SAMCO’ Gram: *GLASSCO
THE TRADE MARK OF
QUALITY & SERVICE
TO THE LABORATORY
& INDUSTRY

We specialize in manufacturing :

GROUND GLASS JOINTS, STOPCOCKS, STANDARD
JOINT ASSEMBLIES, AUTOMATIC BURETTES & ANY
OTHER APPARATUS MADE TO SPECIFICATIONS

SCIENTIFIC APPARATUS MANUFACTURING Co.

255/3-C MANGALDAS ROAD, BOMBAY 2

STOCKISTS OF
Physical, Chemical & Geographical Instruments
MANUFACTURED BY

POPULAR TRADERS, HILL ROAD, AMBALA CANTT.

SP/SAM/2

Bengal Chemical & Pharmaceutical Works Ld.

The Largest Chemical Works n India

Manufacturers of Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines,
Disinfectants, Toilet and Cosmetics.

Tar Products, Naphthalene, Road Dressing Materials, etc.

Ether, Mineral Acids, Ammonia, Alum, Ferro-alum, Aluminium
Sulphate, Sulphate of Magnesium, Ferri Sulph, Zinc Chloride,
Stearates of Aluminium, Calcium, Magnesium and Zinc, Caffeine
and various other Pharmaceutical and Research Chemicals.

Surgical Sterilizers, Distilled Water Stills, Operation Tables, Ins-
trument Cabinets and other Hospital Accessories.

Chemical Balance, Scientific Apparatus for Laboratories and
Schools and Colleges, Gas and Water Cocks for Laboratory use,
Gas Plants, Laboratory Furniture and Fittings.

Fire Extinguishers, Printing Inks, Driers, etc.

Office: 6 GANESH CHUNDER AVENUE, CALCUTTA 13
Factories : CALCUTTA « BOMBAY « KANPUR
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. w I L D ’ HEERBRUGG (Switzerland)

The manufacturers of
Highest Class Precision Optical and

Mechanical Instruments

b

WORKSHOPS
LABORATORIES &
SURVEY

WILD THEODOLITE T3

Microscopes for colleges and research

»

Microscopes for angle and thread measuring

Testing instruments for plane surfaces

Drawing instruments of stainless steel

»*

Levels, theodolites and aerial cameras

Distance measuring instruments, etc.

WILD LEVEL N2

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

SOLE AGENTS :

RAJ-DER-KAR & Co.

SADHANA RAYON HOUSE, DR. D. NAOROJI ROAD

BOMBAY
Telephone : 26-2304 Telegram : TECHLAB

Branch Office: 44/6 Regal Building, Connaught Place, New Delhi |
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Vitamin A fo1

VA

Specially developed for
the vanaspati industry
by Hoffmann-La Roche,
Basle, Switzerland —
VANITIN offers unigue
advantages:

* A pure synthetic
product—diluted with
refined, peroxide-free
groundnut oil

% No unpleasant taste
or odour

% Easy to use, and
offers unvarying quality
and uniform stability

% Supplied in different
batch- size containers,
direct from
air-conditioned godowns

Sole Distributors:

>
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Vanitin

‘ROCHE’ Synthetic Vitamin A Acetate

Vitamin A was first synthesised
by a Roche research team in 1947
ROCHE PRODUCTS PRIVATE LIMITED, Bombay.
VOLTAS LIMITED

Bombay - Calcutta - Madras - New Delhi - Bangalore
Cochin - Kanpur - Secunderabad - Ahmedabad
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AVAILABLE EX-STOCK

TEMPO

Laboratory
Equipment

‘TEMPO’
AUTOMATIC STILL

for water distillation

Available in
2 and 4 litre capacity

Construction — Double-walled mild steel construction
with 2" gap between the walls filled with fibre
glass. Outside finished in silver-grey hammered
tone synthetic enamel and inside painted with
heat-resisting aluminium paint.

Size (working space) — 14" x 14" X 14",

Heating — Electrically operated on 230 V., 50 cycle,
a:C

Maximum temperature — 250°C.

Temperature control— By means of a bimetallic
thermostat. Variation not more than +1°C. HOT AIR OVEN

TEMPO EQUIPMENT CARRIES A ONE-YEAR GUARANTEE

Manufactured by:

TEMPO
INDUSTRIAL CORPORATION (PRIVATE) Ltd.

SONARI ROAD, PARANJPE ‘B’ SCHEME
BOMBAY 24
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in the sub-micron range ,

0
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Properties and performance make these papers an outstanding
addition to the Whatman range. They open up interesting new
uses for filter papers, not least by the economies they show and
advantages they possess over sintered glass and other fine porosity
filter crucibles. High retentions and rapid filtration rates

are an advantage when filtering very fine precipitates and
semi-colloidal substances. Freedom from blocking ensures speed
when separating gels from solutions, as in the filtration

of viscose or resin syrups.

Whatman Glass Fibre Papers are used routinely with Buchner
and Hirsch funnels and with coarse porosity filter crucibles.
They are highly absorbent, resistant to dilute acids and alkalis
and may be dried or sterilised at temperatures up to 500°C,
Please write for further information. Trial packs are

available from your usual Whatman supplier.

H. REEVE ANGEL & CO LTD
9 Bridewell Place, London, EC4

Sole distributors of

WHATMAN FILTER PAPERS

Manufacturers W. & R. Balston Ld.
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ZEISS

COMBINED
SECONDARY
ELECTRON
MULTIPLIERS
AND
SCINTILLATION
COUNTERS

*
LOW THERMAL
DARK
CURRENTS

*
HIGH
SENSITIVITY
*

COOLED AND
UNCOOLED
TYPES

*

SPECIAL MAIN
AGGREGATES

vee CARL ZEISS ueENna

SOLE AGENTS IN INDIA

GORDHANDAS DESAI PRIVATE LIMITED

PHEROZSHAH MEHTA ROAD, BOMBAY |

Branches

P-7 MISSION ROW EXTENSION 4/2B ASAF ALI ROAD 22 LINGHI CHETTY STREET
CALCUTTA | NEW DELHI MADRAS |
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RELIABILITY rrus
OPERATIONAL
EFFICIENCY

An ideal medium power

equipment designed to afford maximum
flexibility and convenience, the

ET-402 HF Transmitter pro-

vides reliable communication over long
distances in the high frequency band
of 1.5 Mc/s to 30 Mc/s on A, A,,

or F; Telegraphy, A; Telephony with
either quartz or master oscillator
control. The operator can have

the choice of any three preset frequ-
encies switched in a few seconds.

It is recommended for any wireless net
work where maximum efficiency is
essential. This Transmitter is already
in use with the Railways,

Civil Aviation and Police

Wireless Department.

H. F. TRANSMITTER

(ET-402)

BHARAT ELECTRONICS LTD.

. . REMOTE CONTROL UNIT
(A Government of India undertaking)

JALAHALLI — BANGALORE. EP
s
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INDIA
STUDENT MICROSCOPE

with German Optics

m  INCLINABLE STAND HT 296 mm.
m  COARSE FOCUSSING BY RACK PINION
s FINE FOCUSSING BY ENDLESS WORM AND GEAR

s DOUBLE REVOLVING NOSEPIECE WITH TWO ACHROMATIC
OBJECTIVES — 10x, 40x or 63x

»  TWO HUY EYEPIECES — 5x and 15x (or I2x or 10x)
s DOUBLE PLANO CONCAVE REFLECTOR

= STAGE 115 < 115 mm.

s CASE WITH LOCK AND KEY

MODEL KRS-1, WITH SUBSTAGE DISC DIAPHRAGM
Rs. 450.00

MODEL KRS-11, WITH GERMAN DOUBLE LENS
CONDENSER & IRIS DIAPHRAGM

Rs. 575.00

ASTRONOMICAL TELESCOPE

(Rs. 300.00)

WITH JAPANESE OPTICS
40x-80x

RING ROUND
SATURN

Objective Lens 42 mm. dia. F.L. 1000 mm.
Eyepiece H 12. 5 mm.-H 25 mm. combined

TERRESTRIAL
EYEPIECE x 30 Sunglass — Length one meter with Adjustable

Extra Rs. 120.00 each Stand

SCIENTIFIC EQUIPMENT WORKS

Optical Instrument Division
11777 TILAK MARG, DELHI 6

Telegrams : CHEMBIO Telephone : 27029
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X
No need
to make the
job
more
difficult

* ; :

Experienced laboratory workers in more than
100 countries rely upon ‘AnalaR’ reagents to make even the
most critical analysis as straightforward as possible.

Because ‘AnalaR’ chemicals conform  The fifth edition (1957) of “‘AnalaR’
rigidly to published specificationsand ~ Standards for Laboratory Chemi-
are labelled to show the maximum cals” contains specifications of purity
permitted limits of impurities their for 280 reagents and describes in
use avoids reagent errors and ensures detail the standard methods of
dependable results. testing them.

[ )
A N A LA R REAGENTS  First choice for responsible analysis

TRADE MARK

Distributed by BRITISH DRUG HOUSES (INDIA) PRIVATE LTD., P. 0. BOX 1341, BOMBAY-1
For THE BRITISH DRUG HOUSES LTD., B.D.H. LABORATORY CHEMICALS DIVISION, POOLE, ENGLAND
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Central Glass &

Ceramic Research Institute

Bulletin

A quarterly publication devoted to the cause
of the advancement of glass, ceramics and
allied sciences and industries

For full particulars write to

THE EDITOR, BULLETIN

CENTRAL GLASS & CERAMIC RESEARCH INSTITUTE

JADAVPUR, CALCUTTA 32, INDIA

ION EXCHANGE RESINS

for

Industry & Laboratory

manufactured by:

CHEMICAL PROCESS
COMPANY

Redwood City, California, U.S.A.

Accredited Agents:

INDIAN RESINOUS PRODUCTS

COMPANY
C/o PHARMA TRUST
114 PRINCESS STREET BOMBAY 2

Accurate Wire Screen is required to solve your

Screening, Grading or Filtering operation.

DIRECT IMPORTERS OF WOVEN WIRE MESH
AND PERFORATED METALS

STANDARD METAL CO.

Proprietors :
B. C. GUIN & CO. (PRIVATE) Ltd.
101 NETA]JI SUBHAS ROAD, CALCUTTA |
Phone: 22-5270 ¢ Grams: PERFOSHEET
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STUDENTS’
MICROSCOPE

"

ADVANCED CLASSES

Manufactured by :

INSTRUMENT RESEARCH LABORATORY Ltd.

309 BOWBAZAR STREET, CALCUTTA 12
Gram : INRELABTRY Phone : 22-5778

Reliable house for

* LABORATORY GLASSWARES
(PLAIN & GRADUATED)

* THERMOMETERS & HYDROMETERS
* PORCELAIN & SILICAWARES
* PLATINUM & NICKELWARES
* FILTER PAPERS & PRODUCTS
* SCIENTIFIC INSTRUMENTS, etc. etc.

CONTACT:

UNIQUE TRADING CORPORATION

22| SHERIFF DEV)I STREET, BOMBAY 3
Gram: UNILAB Phone: 30011
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CRAFTSMAN

A SYMBOL OF QUALITY & SERVICE

for
LABORATORY & PROCESS CONTROL EQUIPMENT

Offer

* FLUORESCENCE METERS & A COMPLETE RANGE OF
PHOTOELECTRIC COLORIMETERS

* BOMB COLORIMETERS, EQUIPMENT & APPARATUS FOR
OIL INDUSTRIES

* POLAROGRAPHS, FLAME PHOTOMETER & KARL FISCHER
* CONTROLLERS, PYROMETERS & THERMOCOUPLES

* FURNACES, OVENS & INCUBATORS

* LABORATORY UTILITY ITEMS

Address your enquiries to:

CRAFTSMAN ELECTRONIC CORPN. (PRIVATE) LTD.

SETHNA HALL, NESBIT ROAD, BOMBAY 10

Gram : CRAFTRONIC Phone : 42346

SP/CFT/3
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For the special attention of Geology Departments of
new Engmmeering Colleges

B e e e e P P P e el

Ward'’s Geology Division. with its
command of the resources of
collectors in all parts of the
world is in the best position to
supply your requirements of

quality geology material
P4
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TRACHYTE PORPHYRY

= Ward's Museum Systematic Mineral Collection

= Mineral Collection for Lustre and Colour, Cleavage, Fracture, Tenacity, Mohs’
Hardness Scale, Structure, Magnetism and Electricity, Odour, Transparence,
Double Refraction

= Collection of Mineral Grain — Thin Sections

= Collection of Natural Crystals, Crystalline Aggregates

= Collection of Rocks including Sedimentary, Igneous and Metamorphic
» Collection of Thin Sections of Rocks

= Metallic and Non-metallic Ores

= Collection of Building Materials

= Colour Slides for Mineralogy

= Crystal Models, etc.

Please ask for Catalogue No. 583 of

WARD’S NATURAL SCIENCE EST. INC.

ROCHESTER, U.S.A.

ACCREDITED AGENTS
MARTIN & HARRIS (PRIVATE) Ltd.
(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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