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HEATING MICROSCOPE

FOR DETERMINING THE MELTING BEHAVIOUR
OF FUEL ASHES, SLAGS, GLAZES, ENAMELS,
AND CERAMIC SUBSTANCES

SOLE AGENTS

THE SCIENTIFIC INSTRUMENT CO. LTD.
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Bengal Chemical & Pharmaceutical Works ‘l.d.

The largest Chemical Works in Indi

Maﬂufat'tufers of Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines,
Disinfectants, Tar Products, Road Dressing Materials, etc.

Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum,
Aluminium Sulphate, Sulphate of Magnesium, Ferri Sulph.,
Potassium Permanganate, Caffeine and various other Pharma-
ceutical and Research Chemicals.

Surgical Sterilizers, Oxygen Apparatus, Distilled Water Stills,
Operation Tables, Instrument Cabinets and other Hospital
Accessories. '

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

Fire Extinguishers, Printing Inks, etc.

Office 94 CHITTARANJAN AVENUE, CALCUTTA

Factortes CALCUTTA . BOMBAY . KANPUR

P Jor
C:::'/\—:——’=> HOSPITAL &
" LABORATORY
EQUIPMENT

0? °

Yy ™ LABORATORY
CHEMICALS
FOR SCHOOLS
Manufacturers of COLLEGES & &
SCIENTIFIC APPARATUS, RESEARCH
VIALS, TEST-TUBES, INSTITUTIONS
NEUTRAL GLASS, AMPOULES,
ETC., ETC.
. please consult
For further particulars, write to : UNlON SCIENTIFIC SYND]CATE
BOMBAY SCIENTIFIC 52-58 NEW HANUMAN LANE

BOMBAY 2
GLASS WORKS

ARAB HOUSE, KHETWADI I3TH LANE
BOMBAY 4

Phone : 28465
Grams : ** PETROLIUM **
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35 YEARS SERVICE
TO THE MINING AND
METAL INDUSTRY

Inquiries Solicited

IMPORT" e B XPORT

R

70 Bone Ssect, Néow York, 5. N°Y

CALCUTTA REPRESENTATIVES :

M. FRIEDLANDER & Co.
4 CHOWRINGHEE MANSIONS, 30 CHOWRINGHEE ROAD, CALCUTTA 16

Phone : Park 4704 Cables : METALFRIED, CALCUTTA
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VIBRATING BAR

ELECTRICALLY MAINTAINED

o

NEW DESIGN ON CAST IRON BASE WITH SELF-ALIGNING VICE AND
STAINLESS STEEL BAR

FREQUENCY ADJUSTABLE BY VARYING LENGTH

RANGE 50-100 PER SECOND. WORKING VOLTAGE : 4 VOLTS

Manufactured by
THE STANDARD SCIENTIFIC INSTRUMENTS Co.

MYLAPORE, MADRAS 4

WANTED
J. AMERICAN CHEMICAL SOCIETY .. .. 1920-1950
ANALYST .. .s . .. 1920-1937
NATURE iw i% - .. 1920-1937
J. SOCIETY OF CHEMICAL INDUSTRY ( TRANS.) 19201937
TEXTILE MANUFACTURER % .. 1920-1937
TEXTILE RECORDER .. .. .. 1920-1937

Please write quoting price to :

THE DIRECTOR

TECHNOLOGICAL RESEARCH LABORATORIES
REGENT PARK, TOLLYGUNGE

CALCUTTA 33
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MICROSCOPES “WILD”

Precision engineered for the most exacting work

ARRIVING IN LARGE
QUANTITIES

BRILLIANT OPTICS

CLOSE TOLERANCES
HIGH RESOLUTION
HIGH FIDELITY

Sturdy excursion microscopes

Students’ and Routine microscopes
Medical microscopes

Research microscopes
Microphotographic equipment
Micrometers : stage and eyepiece
Microscope lamps

Phase contrast equipment with single centring

s RAJ-DER-KAR & CO.

Telephone : COMMISSARIAT BUILDING, HORNBY ROAD
27304 (2 lines) BOMBAY I
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COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
PUBLICATIONS DIVISION

Announcing the publication of :

1. NATIONAL REGISTER OF SCIENTIFIC & TECHNICAL
PERSONNEL IN INDIA, VOL. | — ENGINEERS, PART Il

( 500 pages, 4600 entries ) Price Rs. 12/8

2. DISTRIBUTION OF BRITISH PHARMACOPOEIAL DRUG
PLANTS & THEIR SUBSTITUTES GROWING IN INDIA

by S. L. NAYAR & I. C. CHOPRA
An important pamphlet on the drug plants of India — pages 56

Price Rs. 1/4
Also Available :
NATIONAL REGISTER, VOL. |1 — ENGINEERS, PART |
Price Rs. 11
NATIONAL REGISTER, VOL. II—MEDICAL PERSONNEL, PART |
Price Rs. 12

For copies please apply to :

THE PUBLICATIONS DIVISION
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
20 PUSA ROAD, DELHI 5

Modern laboratory equipment !

FILTER PAPER — Machery and Nagel, German make
MICROSCOPE — Dr. Heppner System, German make
FH3-modernistic Model, German make
PORCELAIN WARE — ‘WETA’ Brand, Holland make
MICROSCOPIC SLIDES — Finest Belgian make
LABORATORY GLASSWARE — ‘TENAX’ Brand, Italian make

AND SEVERAL OTHER LABORATORY EQUIPMENT

! Enquire from Sole Representative

ZILCO AGENCIES

: 128 PRINCESS STREET
! BOMBAY 2 (INDIA)
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optical system.
STUDENTS’ PATTERN

Model : AS-17011 — Simple in design and easy
for manipulations. The circular scales, 125 mm.
diameter, are marked in degrees and is fixed inde-
pendent of the telescope collimeter and prism
table. Accurate verniers to read up to /10
degrees. Provided with prism holder, grating
holder and a set of six slit cleaners in case.

COLLEGE & INDUSTRIAL PATTERN

Model: AS-17021 — All parts of the instrument
including the telescope, the collimeter and the
prism table are capable of being placed horizon-
tal by use of a spirit level. Adjustable axes of
telescope and collimeter 10 mm. long slit with
a V slide slit holder.

Lenses are high grade achromatic doublets of 30
mm. diameter and 150 mm. focal length. Rams-
den type eyepiece.

Head Office & Works :

MASULIPATAM

SPECTROMETERS

FOR STUDENTS — COLLEGES — RESEARCH WORKERS &
INDUSTRIAL LABORATORIES

Special attention has been paid in the manufacture of these precision instruments using optical
parts of the highest grade. The beds of the apparatus are well designed and balanced and the
scales and verniers precision divided with fine adjustments.

Provided for proper alignment of the

The graduated circle ‘is 130 mm. in diameter and
divided to } degree. A separate hand magnifier
Is provided for taking vernier readings. Complete
in case.

RESEARCH PATTERN
Model : AS-17025 — This is the highest grade
of spectrometer useful for all purposes of ad-
vanced work. The objectives of the telescope
and collimeter are highly corrected and are of
larger aperture, being 35 mm. in diameter and
250 mm. focal length. Illuminated from top by
a small mirror. Adjustable pointer and mirror. Eye-
piece can limit the range of spectrum under study.

The slit is of the micrometer type for accurate
adjustment. Shutter to cut off the light while
photographing spectra. The circular scale
is 180 mm. in diameter and marked to } degree.
The positions of the telescope and prism table
can be read accurate to 30” of arc.

For detailed literature and price, please write to:

ANDHRA SCIENTIFIC COMPANY LIMITED

Showroom & Warehouse :
4 Blacker’s Road

Mount Road
MADRAS

Branches & Agents at :
BOMBAY, CUTTACK
HYDERABAD, VIZAGAPATAM
NEW DELHI, COLOMBO

SISTA’S—AS-10
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MAKERS OF IMPORTS
PETROL GAS PLANTS| JAPANESE MICROSCOPES
CAP. 10250 B. BURNERS
LAB::A:’ORY MEDICAL .
i _HARDWARE STUDENT
.11 SUCH AS TYPES
BURNERS AND
STAINLESS ACCESSORIES
t | STANDS MARVELLOUS
y ETC., ETC. PRICES

A N s o N s LT D Office—DADAR, P.O. B. 5576, BOMBAY |4
G ® Works—LALBAUG, BOMBAY 8

DISCOVERY

THE MAGAZINE OF
SCIENTIFIC PROGRESS

This is Europe’s leading popular science magazine.
Scientists writing in nontechnical language describe
their work in all branches of science.

32 pp. fully illustrated
SINGLE COPIES : Is 6d YEARLY : 195 POST FREE

Specimen copies sent on request

JARROLD & SONS LTD.

COWGATE, NORWICH
ENGLAND
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Our Reliable & Prompt Service
A BOON TO THE INDUSTRIES

DIRECT IMPORTERS & STOCKISTS
OF LABORATORY REQUISITES OF
EVERY DESCRIPTION FROM ‘‘A* TO “Z”

INCLUDING CHEMICALS, ETC. 3
Full particulars from :
l ] N I l ] TRADING }
CORPN. 2
51-53 NEW HANUMAN LANE 2
BOMBAY 2 z
Grams : UNILAB Phone : 26983
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“BOROSIL™

AMBER NEUTRAL VACCINE BULBS
ALL CAPACITIES » MACHINE MADE

Can be had from:
BOROSIL GLASS WORKS

PROPRIETORS :

INDUSTRIAL & ENGINEERING APPARATUS Co. Ltd.

CHOTANI ESTATES, PROCTOR ROAD
BOMBAY 7
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e
For the TEXTILE Industry
A complete line of dyesluffs tocrr::e:;r
ractically every color r.equlrcm i
: rayon, nylon, silk, wool, .me N
co“"’“"‘d other fibers. Hosiery finishes,

" and et Aridex”” water repellents.
cleaning, wetting.

jute a
**Zelan :
Finishes, softening.

scouring agents-

G

For the RUBBER Industry

thetic rubber for maklr\g
h resist the action of oils,
s d .
solvents, heat, oxidation, sunhght.b:
. i er
tioxidants for v
celerators and an : e
or synthetic rubber. Colors for dry r
ber and latex. Stabilizing, wetung

blowing and peptizing agents.

Neoprene syn
products whic

Ad No. 3
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aybe
can help you

find a way

TO IMPROVE YOUR PRODUCT
OR YOUR
PRODUCTION EFFICIENCY

Whatever your business, this list of

high quality Du Pont Organic Chemi-
-als may well give you a start toward
making a better product, improving a
process. These products are all uafity»
controlled, produced in the world-famed
research laboratories of Du Pont. Per-
haps one of them will help your business.

If you'd like additional details on one
or more of these chemicals, consult the
Du Pont Organic Chemicals distributor
nearest you. His Technical Service
Staff will be glad to offer individual
assistance-help you in any way possible.

Dyestuffs, Textile Chemicals—
Bombay: Leonard Waller.
Karachi: Overland Trading Co.
(Pakistan).

Aromatics—

Bombay: F. W. Pollack & Co.
Bangalore: F. W. Pollack & Co.
Calcutta: S. J. Jhunjhunwalla.

Neoprene, Rubber Chemicals & Colors—
Bombay: The Union Commercial &
Industrial Co., Ltd.

DU PONT ORGANIC CHEMICALS

DEPARTMENT

REG. U.5.PAT.OFR
BETTER THINGS FOR BETTER LIVING . .. THROUGH CHEMISTRY.'



for accurate screen analysis. . .

of powders, etc., it is essential to obtain a perfect
segregation of the particles. The machine for the
purpose is the Inclyno Test Sieve Vibrator.

This scientifically designed instrument incorporates
patented mechanism that presents the whole area
of the mesh to the material at all possible angles.

Screen analysis with the Inclyno is accurate and
obviously better than hand sieving. The machine is
operated by a 1/6 h.p. motor, and, when fitted with
an automatic time switch, tests can be carried out
over periods up to 60 minutes.

INCLYNO

TEST SIEVE VIBRATOR

GIDVANI & CO., PEOPLE’S BLDG., SIR P. MEHTA ROAD, BOMBAY

e

VLIND ACIDS

B.D.H. manufacture

B.D.H. Amino Acids are now
in normal regular production as
a result of development work

carried out in the B.D.H.

Lists and further information
may be obtained from

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

THE BRITISH DRUG HOUSES LTD.
B.D.H. LABORATORY CHEMICALS GROUP

POOLE ENGLAND

or from the distributors in India
BRITISH DRUG HOUSES (INDIA) LTD.
P.O. BOX 1341 BOMBAY 1
Branches at: CALCUTTA - DELHI - MADRAS

AA/Ind/513
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LABORATORY
DECADE
. CONDENSERS

HE G-R Type 219 Decade Condensers are assemblies of Type 380 Units in two or three

decades. Each decade is an assembly of four individual mica or paper condensers. With a
selector switch, parallel combinations of any one of ten values may be obtained.

All units are accurate at the terminals within | per cent except 0:1 n.f decades of the Types 219-L
and 219-M which are within 2 per cent.

The units are carefullr aged and assembled so as to be stable and rugged. They are
mounted behind an aluminium panel in a copper-shielded walnut cabinet.

Type Capacitance No. of Dials Type Capacitance No. of Dials
219K 1110 pf in 0:001 uf steps 3 219-M 1110 uf in 0-001 uf steps 3
219-L 1:10 ufin 0-0l pf steps 2 219-N 0110 pf in 0°00! uf steps 2

FACTORY REPRESENTATIVES :

EASTERN ELECTRIC & ENGINEERING Co.

ESTABLISHED 1909
127 Mahatma Gandhi Road, Post Box 459, Fort, Bombay |

Gram: " ESLEKTRIK * Telephone : 30937 (3 lines)
AGENTS:
CHICAGO TELEPHONE & RADID CO., LTD.
48 Hazratganij 68 Queensway 25 Chowringhee Lamington 196 Mount Road
Post Box 46 Post Box 47 Post Box 2589 oa Post Bag 5238
LUCKNOW NEW DELHI CALCUTTA BOMBAY 4 MADRAS 2
Phone : 860 Phone : 45075 Phone : Bank 1953 Phone : 70433 Phone : 84357

TELEGRAMS : * CHIPHONE " ALL OFFICES




M&B IABORATORY CHEMICALS
‘IN THE SERVICE OF INDUSTRY

mwmwu.
"' \ ¢ ‘

.\{ ¥

Away from the toil, heat and noise of the blast furnaces, chemists
in the iron and steel industry are unceasingly engaged in perform-
ing routine tests on the quality both of raw materials and finished
products. In addition, continuous research work is being carried
on inan endeavour to produce improved steels for specific purposes.

Many scientists working in the service of the industry have now
become accustomed to rely on the high quality of the range of
Laboratory Chemicals manufactured by May & Baker. Aware of M&B's long
experience in producing all types of fine chemicals, they know they can place their
confidence in the specifications which have been drawn up to make these Laboratory
Chemicals widely applicable to most kinds of industrial laboratory work.

A complete brochure of specifications will be sent on request.

manufactured by

MAY & BAKER LTD

distributors

MAY & BAKER (INDIA) LTD. BOMBAY ¢ CALCUTTA « NEWDELHI « LUCKNOW « MADRAS

390



OLYMPUS
LABORATORY MICROSCOPES

MODEL GB, MECHANICAL TUBE LENGTH 160 MM.

High class microscopes fitted with modern devices

3 Eyepieces : H7, HIO and PI5

Objectives : 10X, 40X, 100X ( Oil-immersion with Iris-stop )

Magnification : 70 x 1500

ALSO OTHER OLYMPUS MODELS AVAILABLE FROM READY STOCK
AGENTS WANTED FOR UNREPRESENTED AREAS

For particulars, terms and catalogues, write to :

Post Office Street
Sadar Bazar, Delhi 6

14 Bowbazar Street
Calcutta 12

DARBARA SINGH & SONS

166 Hornby Road
Bombay |
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A 16

cococos P,

For

WET & DRY BULB HYGROMETERS
MAXIMUM & MINIMUM THERMOMETERS

ASK FOR PRICE LIST & ENQUIRE AT

SARAYU SCIENTIFIC Co. |

PO OOOPS L

LAB. HOLLOW & GRADUATED \
GLASSWARE

HYDROMETERS
CHEMICAL THERMOMETERS
PORCELAINWARE
SILICAWARE
FILTER PAPERS

CHEMICAL A.R. & C.P. [

STAINS, ETC.

MOOS BUILDING
510 KALBADEVI, BOMBAY 2

Telegraphic Address: HYDROMETER

For

ALL INDUSTRIAL USES

WOVEN WIRE &
PERFORATED METALS

in any mesh, gauge for all
screening, grading or
filtering operations

e EXPANDED METALS
e HARDWARE &
e MILL STORES

Write for Catalogue

STANDARD METAL Co.

PROPRIETORS :
B.C. GUIN & Co. Ltd.

10l NETAJI SUBHAS ROAD
CALCUTTA |
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OUTSTANDING IN PERFORMANCE
AND DESIGN

This really efficient 25
KVA spot and stitch wel-
der is designed to give
complete timing control
with extreme simplicity
of operation. Provided
with electro-pneumatic
timing control, achieved
by a special fitment with
many new features, it
combines weld time—
forge—and repeat action
in one unit.

It is a welding machine
capable of outstanding
performance and will
give long and continu-
ous service.

Full details and examples
of welded specimens are
available on request.

PHILIPSRESISTANBE

WELD EQUIPMENT

PHILIPS EI.EBTRIBAI. CO. (iwpia) LTD.

PHILIPS HOUSE « 2, HEYSHAM ROAD + CALCUTTA — 20

BRANCHES AT
MADRAS « BOMBAY ¢ DELHI ¢ LUCKNOW « KANPUR

A17
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Laboratory Equipment ! JOURNAL OF SCIENTIFIC &
INDUSTRIAL RESEARCH

INSTRUMENTS
APPARATUS BACK ISSUES WANTED

APPLIANCES
GLASSWARE Vol. 1 (Complete)
PORCELAINWARE & Vol. 11 ( do )
CHEMICALS Vol. Il ( do )

®
EDUCATIONAL, RESEARCH & 4

INDUSTRIAL INSTITUTIONS

Dlease contact : Apply to :

SRI VENKATESWAR SYNDICATE THE EDITOR

JOURNAL OF SCIENTIFIC &

LABORATORY FURNISHERS INDUSTRIAL RESEARCH
MATHURANGA MUDALIAR STREET HILLSIDE ROAD, PUSA
TAMBARAM, S.I. DELHI §

Safe & Dependable
INJECTABLES

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

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

RETICULIN — A potent Extract of Liver
HEXOPURIN — An Urinary Antiseptic
CALCITOL — Injectable Calcium Gluconate
BEVITAMIN — Injectable Vitamin B,
CEVITAMIN — Injectable Vitamin C
GLUCOSE SOLN. — Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.

MALLESWARAM P.O., BANGALORE 3
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INDIAN INSTITUTE OF TECHNOLOGY
KHARAGPUR, B.N.RLY.

Back numbers of periodicals and journals on all
branches of Engineering and Technology are urgently
required by the Indian Institute of Technology,
Kharagpur. Those who are willing to sell are requested
to furnish full particulars immediately to the Librarian
of the Institute.

Any gift of such journals and periodicals from
retired scientists and technologists will be gratefully

received.
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A G. & T. SPECIALITY

THE “MODULAT” OVEN
ELECTRICALLY HEATED
THERMOSTATICALLY CONTROLLED

Werite to :

GRIFFIN anc;];xTLOCK(lndia) [

B; (C)livE Bigl;’al"e‘gs 274, Hornby Road 76, Queensw ay
" CALCUTTA BOMBAY NEW DELHI
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Preparation of Scientific Papers

HE ‘ Preparation of Scientific Com-
munications ”’ was one of the subjects
discussed at the Royal Society Scien-

tific Information Conference, London, 1948.
The discussion led to the conclusion that :

“ Many defects of scientific articles and
delays in publication are due to inadequate
preparation of manuscripts submitted to
publishing bodies.”

The Conference invited learned bodies to
initiate a vigorous and sustained programme
to improve preparation of papers. The
Conference further recommended that :

‘“ All those handling papers in draft form,
including heads of departments in univer-
sities and technical colleges, and directors
of government laboratories, research asso-
ciations, and industrial laboratories, might
be urged, both through their scientific,
academic and professional associations and
by personal letter, to do their utmost to
ensure that :

“manuscript submitted by authors under
their direction is written in clear and
concise English, and is prepared in accord-
ance with the rules of the journal for which
it is intended ;

“to the best of their knowledge and
belief any contribution passed through
their hands, whether as communicator or
referee, is worthy of publication on its
merits as scientific information alone ;

‘““they help their students and assistants
in preparing such materials ;

‘“ special efforts are made to save time at
all stages of preparation, from the com-
pletion of actual research work to final
printing, so as to avoid the psychological
effect of dilatoriness on all those involved
in the chain of publication.”

Not only the methodology, but also
the content of scientific communication has

come in for discussion. It has been stated
that ‘“ ninety per cent of the papers are only
written to publicizeé their author’s existence . *
While the estimate of papers departing from
the accepted aim of publication, viz. to add
to the existing knowledge, may be open to
question, the implication that the content
of scientific communications has not received
sufficient emphasis in determining publish-
ability is worth noting. It is the res-
ponsibility of all those concerned in the
chain of publication of scientific papers to
see that only significant results are pub-
lished, and that scientific literature is not
burdened with printed papers unless some
addition is made to help scientific advance-
ment.

Drafting & Shaping

The shaping of results of research into a
concise, readable paper cannot be accom-
plished in one attempt. The research worker
advisedly starts drafting his paper while the
work is still in progress as this helps in dis-
covering lacunae which need to be filled up
by further work or in following up possible
side lines suggested while preparing the
draft. In the first draft, the author,
who has before him tentatively tabulated
statements of results, text illustrations and
literature citations, has succeeded only
in transferring his ideas to paper. The
attention necessary for arranging the ideas
and the results in their logical sequence
and for giving precision and objectivity to
expressions is possible only in the second or
possibly the third revision of the draft. The
author should assure himself that the signi-
ficance of his work has been fully brought
out and placed in proper relation to what is

* Nature, 1950, 166, 1066.
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already known. Except in seminal contri-
butions which come out whole as an egg —
perhaps from transintellectual levels — it is
a good policy to write out a paper, leave it
in cold storage, as it were, for some time,
and take it up with a fresh mind for final
shaping before it is sent for publication.

Papers should be concise without pre-
judice to clarity. A concise account is
prized by scientists who have to peruse
numerous periodicals to collect new data
and acquaint themselves with new tech-
niques to aid them in their work. Authors,
who are themselves research workers, appre-
ciate the value of brevity, objectivity,
precision and logic in published papers,
and they have the responsibility to see that
their papers are models of these virtues.
If facts are distinguished from opinions,
and reasoning from wishful thinking, many
defects in scientific communications can be
.eliminated. = A properly prepared paper
lessens the labour of editors, reduces the cost
of printing, and eliminates delay in publi-
cation.

C.S.LLR. Committee

These general considerations need to be
analysed in relation to the form and content
of each part of the scientific paper. Most
authors need guidance in the preparation
of manuscripts and illustrations for publi-
cation and in dealing with their proofs.
Following the Royal Society Conference,
national organizations in several countries
have considered measures for raising the
standards of presentation of scientific papers.
In India, the Council of Scientific & Indus-
trial Research has taken the initiative in
enquiring into scientific publications. While
standards have been formulated for the
make-up of periodicals and for abbreviations
of titles of periodicals, the important question
of the preparation of manuscripts and
illustrations had not received attention. A
Joint Committee of the Council and the
National Institute of Science has been set
up to study the existing practices and to
draft guidance rules for authors. The results
of the labours of the committee will be
awaited with interest.

Characteristics of the Ionosphere
over Calcutta (March 1951)

S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, A. P. MITRA,
R. B. BANERJEE & A. K. SAHA

Ionosphere Laboratory, Institute of Radio Physics & Electronics,
University College of Science, Calcutta

THE present note gives the average
ionospheric characteristics over Cal-
cutta during March 1951.

Fig. 1 gives in a graphical form the mean
diurnal variation of (i) the monthly average
critical frequencies of the E and F, regions
and (ii) the heights of maximum and mini-
mum electron densities of the F, region.

Fig. 2 gives the predicted values of maxi-
mum usable frequencies for different distances
of transmission by reflection at the F, region
over Calcutta for June 1951.
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Table I gives the different occasions during
routine observations when sporadic E was
observed and the values of the corresponding
penetration frequencies and heights.

The waves reflected from both regions
E and F, suffered greater absorption during
the 24 hr. in the present than in the pre-
vious month. The sporadic E ionization
occurred mostly during the morning hours.
The intensity and frequency of occurrence
of E; were smaller than in the previous
month.
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Centenary Celebrations of the
Geological Survey of India

A. K. DEY & M.S. VENKATRAM
Geological Survey of India

HE Geological Survey of India cele-

I brated its first hundred years of

existence in January 1951. In the
first place, why 1951 ? Geology had already
been studied in India for at least a generation,
the first geological map on record having
been made in 1820 (Dr. H. W. Voysey
mapped the Hyderabad region in 1820),
while the collections now housed in the
geological galleries of the Indian Museum
at Calcutta, and in charge of the Geological
Survey, had as a nucleus the museum of the
Royal Asiatic Society of Bengal, dating back
to 1784. Even the name Geological Survey
of India was first used by the Assistant
who took charge of the effects of D. H. Wil-
liams after his death in November 1848,
and Williams had been selected by a Com-
mittee appointed by the East India Company
in 1837 to investigate the coal and mineral
resources of India; he had been in India
since 1846.

On the other hand, formal organization,
on lines which were to persist, did not arrive
until 1856. There was, therefore, some
measures of disagreement, when the cele-

TromAs OLpHAM, F.R.S.
(Superintendent, 1851-76)

W. T. BLANFORD,
F.R.S.
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Sir T. H. HoLLAND, F.R.S.

bration of the centenary was first mooted,
on the actual year to be observed.

As a compromise, the appointment as
Superintendent in 1851 of Dr. Thomas
Oldham ( Director of the Geological Survey
of Ireland ), named as successor to Williams
and Dr. McClelland, who had been conti-
nuing William’s field work, was chosen for
the activities of the Survey which have not
since that date suffered any interruption.

A Record of Achievements

In the first five years, even before setting
up a formal organization, and while there
was not even a headquarters office, Oldham,
with the assistance of a small staff, had
extended the coalfield surveys for which the
Department had originally been intended.
Several fundamental scientific discoveries
were soon made. In the following 20 years
Oldham, till his retirement in 1876, pro-
moted reconnaissance surveys in almost
every part of India and some parts of
Burma and adjoining countries, so that,
soon after he left India, the first compilation
of a geological map could be published.

L

W. D. WEsT
(Director, 1945-51)

(Director, 1903-10)
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B S

A GROUP OF OFFICERS OF THE GEOLOGICAL SURVEY OF INDIA BEFORE 1860.

The work of the pioneers of the first half
century laid the secure foundations of
India’s geological knowledge. H. B. Medli-
cott’s Himalayan surveys in 1859-61 and
later by C. S. Middlemiss brought forward
facts about the great mountain’s physical
structure which later, during the past 25
years, were interpreted by G. E. Pilgrim and
W. D. West (Simla Hills), D. N. Wadia
( Kashmir) and J. B. Auden ( Krol Belt)
according to modern conceptions of moun-
tain building. C. L. Griesbach’s work in and
around Spiti, H. Warth’s discovery of
Cambrian trilobites and Wynne’s pioneer
survey in the Punjab Salt Range and
F. Stoliczka’s classification (later revised
by H. H. Hayden ) of the fossiliferous rocks
of the Upper Sutlez and Spiti Valley and
explorations in the Indus Valley in Ladakh
were the outstanding scientific features of
much enthusiastic work in the Himalayas
and northern India that attracted most
outside attention. F. R. Mallet’s work on
Darjeeling-Bhutan and Assam provided the
basis of all further work in those regions.
The credit of discovering in 1881 the alu-

minous laterite (later confirmed as bauxite )
occurrences in India also goes to him.
V. Ball laid the foundation of our geological
knowledge of the Chotanagpur region. He
was the author of pioneer work on Indian
economic geology. Hacket made important
contributions to the geology of Rajputana
which were continued by A. M. Heron and
others in the last fifty years.

No one has influenced the lines of Indian
geology or moulded the working principles
of the science better than W. T. Blanford.
He was the greatest naturalist that this
country ever had. Among the earliest
major contributions to world geology was
the recognition by W. T. and H. F. Blanford
and Theobald of the glacial origin of the
Talchir boulder-beds, and their correlation
with similar formations in Australia, Brazil
and South Africa. Later, when the plants
of the Lower Gondwanas were studied by
O. Feistmantel and Triassic vertebrates were
discovered in the rocks, the vast ancient
continent which included those countries
received the name Gondwanaland, from the
name given in India to the deposits from
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which its existence
had been deduced.
This discovery
may be said to

have led much
later to. Wegener’s
continental drift
hypothesis.  The
discovery, and
correlation  with
Europe, of the

marine formations
of Spiti, etc., in
the Himalayas,
was a first step to
the conception of
the Tethys Sea.
Owing to the disturbed state of parts of
northern and central India for some years
after 1857, the original plan of systematic
mapping westward across the heart of the
country had to be modified. A party under
H. F. Blanford started work in southern
India in 1857 and surveyed the Nilgiri Hills,
Cuddalore, Tiruchirapalli ( Trichinopoly )
and other areas. The cretaceous fossils
collected from Tiruchirapalli earned world-
wide celebrity through the researches of
Stoliczka and Blanford. T. W. H. Hughes
carried out pioneer work in the coalfields of
Peninsular India. To William King, Bruce
Foote and Thomas Holland were due im-
portant economic discoveries in the south.
P. N. Bose was the first Indian officer to
join the Survey in 1880. He located most
of the principal iron ore deposits in Madhya
Pradesh and also some manganese ore
deposits ; but his discoveries of the Mayur-
bhanj iron ore deposits, after his retirement
from the Department, led to the establish-
ment of the Tata Iron .& Steel Works at
Jamshedpur. La Touche’s investigations in
Northern Shan States in Burma led to the
discovery ofgraptolites. La Touche will, how-
ever, be always remembered with gratitude
for the bibliography of works on Indian geo-
logy including an index of minerals of eco-
nomic value to which frequent references are
made. The outstanding scientific work of
Thomas Holland was his discovery of a dark
bluish-grey hypersthene-bearing granite in
Madras in 1893. Holland christened the
rock Charnockite in honour of Job Charnock,
the founder of Calcutta, whose tombstone
in St. John’s Churchyard, Calcutta, was
discovered about the same time to be made

P. N. Bose

232

RES., V. 10A, 1951

of the same rock and who was thus the
unconscious means of bringing the first
specimen to the city. Holland’s memoir
on this suite of rocks became a classic.
The study of the great Assam earthquake
in 1897 led to the discovery of the three
main types of earthquake waves by R. D.
Oldham, a discovery that has proved useful
in the investigation of the interior of the
earth.

H. Falconer and P. T. Cautley laid the
foundation of the Indian vertebrate palae-
ontology between 1835-45 by discovering
the Siwalik faunas, to which R. Lydekker
and G. E. Pilgrim of the Survey made
valuable additions. Stegodon ganesa, the
forerunner of the present-day elephant, but
much larger and with huge tusks, depicted
on the postage stamp issued in commemora-
tion of the centenary, was an inhabitant of
the Siwalik area. '

Thomas Holland, as Director of the
Survey, restated the aims of the Department
originally defined half a century earlier by
Oldham, as assistance in the development
of the country’s mineral resources, and
study of the mineral deposits, while conti-
nuing scientific researches and systematic
mapping. This is still the basis of the
Survey’s work, though to its scope must now
be added the investigations of ground water
supplies and of sites and structural materials
for engineering projects. He, in 1906, was
one of the founders of the Mining and Geo-
logical Institute of India, to promote the
liaison of geology with the mineral industry.

To Sir H. H. Hayden goes much credit
for the geological knowledge of the Hima-
layas, Afghanistan and Tibet; he initiated
the study of the Himalayan glaciers, thus
becoming the Father of Himalayan Glacio-
logy. L. L. Fermor’s examination of the
manganese ore deposits of the central part
of India, apart from economic results, led
to his description of a number of new
minerals on the one hand, and to the un-
ravelling of a complex Archaean belt on the
other. Vredenburg's revision of Tertiary
molluscan fossils was to prove of service in
the deciphering of the geology of oilfield
regions from Burma to Iraq. Pilgrim’s
work on the Siwalik vertebrate fauna led
to the revision of the stratigraphy and,
therefore, to the better understanding of the
structure and geological history of a region
in which more detailed surveys by H. M.
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Lahiri, V. H. Boileau and G. Kohli led to
the location of possible oil-bearing structures
in the Punjab (I). Pilgrim and E. H. Pascoe
also contributed to the interpretation of the
geology of the Persian Gulf countries, now
among the world’s most productive oilfield
regions. Unfortunately, World War I res-
tricted general activities ; most of the work
for several years was confined to major
economic minerals ( mica in India, tungsten,
etc., in Burma ), in the midst of Hayden’s
term of office as Director, and the post-war
boom encouraged the continuance of such
diversion. The prosperous years after the
war saw an expansion of activity. Coggin
Brown made valuable investigations into the
mineral resources of Burma, and his lucid
interpretation of mining rules advanced the
development of mines in India and Burma.
He wrote a number of special brochures
giving reviews of occurrences, uses and mar-
keting of minerals and mineral products.
Tipper’s original work on rare-earth minerals
in India is the basis of our knowledge relating
to radioactive minerals, and Cotter will be
remembered for his work on the main

Tertiary basin of Burma. C. S. Fox made
valuable contributions to economic geology
and engineering problems ; the latter work
has since been continued by J. B. Auden.

H. C. Jones, J. A. Dunn and M. S. Krishnan
have added considerably to our knowledge
of the geology and mineral resources of
Singhbhum and adjoining areas, H. Crook-
shank, to the geology of the Satpura basin
and Bastar, and E. R. Gee, to the geology of
N.-W. India ( before partition ) ; P. K. Ghosh
( Sr.) investigated the charnockitic rocks in
Bastar and Koraput.

The world economic depression between
the two world wars led to heavy retrench-
ment of staff. The loss of experienced
officers through the retrenchment of 1931
was sorely felt during World War II and, to
cope with the additional work, the Depart-
ment had to be expanded. As Director,
C. S. Fox was mainly concerned with the
reorganization of the Department for World
War II, when most of its energies were
devoted to the exploration, working and
development of strategic minerals under the
guidance of the Utilization Branch created

A GROUP OF OFFICERS OF THE GEOLOGICAL SURVEY OF INDIA AT THE END OF 1950.
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by him. It was
unfortunate that
the Branch was
closed down before
the result of -its
labours could be
assessed.

E. L. G. Clegg,
who succeeded
Fox as Director,
and who in 1943
set up a training
camp to speed up
the supply of new
junior officers and
to continue the
war work of the
Department, un-
fortunately fell ill
within a year of assuming office, and died
shortly after. H. Crookshank was officiating
Director for some months in 1944-45, and
J. A. Dunn was in charge for nearly the
remainder of 1945 ; both these officers made
proposals for the expansion of the Depart-
ment and, as a first step, the Mineral Devel-
opment and the Engineering Geology Circles
were set up by Crookshank ; Dunn founded
the Geophysical Section in 1945.

W. D. West, on assuming office as Director
at the end of 1945, put into effect the pro-
posals already made, and accepted by Govern-
ment. The new set up included :

M. S. KRISHNAN
( Director, 1951)

Mineral Development Division (includ-
ing Geophysical, Mining and Drilling Sec-
tions ).

Engineering Geology & Ground Water
Division (especially major engineering
projects ).

Five (now six ) Field Circles for syste-
matic mapping and preliminary investiga-
tion of minerals, etc. ( before the Specialist
Sections take over ) ; ultimately there will
be a Field Circle for each State or States
Union.

Rare Mineral Section (now transferred
to the Atomic Energy Commission ).

Headquarters Specialist Sections — Pet-
rology ; Palaeontology; Palaeobotany
(new ) ; Chemical ( much expanded ).

Special investigations resulting directly
from the partition of India, with the conse-
quent loss of the Punjab Salt Range as a
source of supply, have been for new sources
of gypsum for the Sindri Fertilizer Project,
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and rock-salt in Mandi. = A number of in-
vestigations was carried out, in almost every
part of India, on minerals and engineering
problems. The Department is engaged in
the study of all the major engineering pro-
jects — both with regard to the stability of
dams and the mineral resources either likely
to be submerged or capable of being dev-
eloped with the power to be generated.
Other mineral investigations have been
aimed at making India self-sufficient.

Under the Second Five-year Plan pre-
sented by West, still further expansion —
both of organization and of work—is aimed
at. The Geological Survey of India enters
on its second century of existence with a
great tradition of scientific and economic
discoveries and with the determination not
only to live up to its past reputation but to
enhance it by a further period of devoted
service to India’s material prosperity and
advancement of knowledge.

For a short period in 1949, while West
was on leave, M. S. Krishnan was appointed
officiating Director — the first Indian to
hold the post —but had to attend the
United Nations Scientific Conference on the
Conservation and Utilization of Natural
Resources in the U.S.A. J. B. Auden took
charge of the Department, in addition to
his duties as Superintending Geologist,
Engineering Geology and Ground Water
Division, until Krishnan’s return.

One looks back with pride at the im-
pressive record of the work of the Geological
Survey of India from the early days when
it had its own herd of trained elephants for
the transport requirements of its slender
staff, whose numbers could be counted on
the finger tips, to its present-day growth
with a scientific staff of about 170, of which
136 are geologists and the remainder chemists,
geophysicists and mining engineers. In the
early days, as the course and treatment of
tropical diseases were unknown, the mor-
tality of those who went into the jungle
was so high that assurance offices declined
to accept insurances on the lives of officers
of the Survey stating that ‘“no premium
whatever could cover the risk . The im-
pressive service rendered by the geologists
of the past formed the background to the
centenary of the Geological Survey of India,
and the Government of India issued invita-
tions to 21 foreign countries and 13 foreign
Geological Societies to send delegates to
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India to attend the centenary celebrations.
It was in the fitness of things that the Gov-
ernment of India, true to their traditional
hospitality, decided to treat the foreign dele-
gates as State guests throughout their stay
in India. The following delegates attended :

Mr. M. A. Condon, Prof. S. W. Carey,
Mr. R. F. Thyer and Mr. K. J. Finucane
(Australia ) ; Dr. K. H. Enderl ( Austria ) ;
Dr. Ba Thi (Burma); Dr. B. R. Mackay
(Canada); Dr. N. G. Baptist (Ceylon) ;
M. Claude Journot (France); Dr. Alfred
Bentz ( Germany ) ; Mr. Tomofusa Mitsuchi
(Japan) ; Dr. C. H. Edelman ( the Nether-
lands); Mr. J. C. Ferguson (Southern
Rhodesia ) ; Dr. W. J. Pugh (U.K.); Dr.
W. D. Johnston ( U.S.A.) and Prof. G. Bogo-
molov, Prof. M. Varentsov and M. Ivan
Tarasov ( U.S.S.R.), besides Sir Lewis Fer-
mor representing the Geological Society of
London and the Mineralogical Society of
Great Britain and Ireland, and Dr. A. M.
Heron, former Directors of the Geological
Survey of India.

Itinerary & Visits

It was intended to hold the centenary
celebrations in Calcutta with the 38th
session of the Indian Science Congress, and
the 1st session of the Pan-Indian Ocean
Science Congress. Though the sudden change
in venue of the Indian Science Congress to
Bangalore upset the original plan, the cente-
nary was celebrated in Calcutta. All the
delegates who could have normally attended
the Indian Science Congress could not do so
on account of this change of venue. How-
ever, with the exception of Messrs K. J.
Finucane, Claude Journot, J. C. Ferguson,
Dr. K. H. Enderl and Dr. W. J. Pugh, all
the delegates attended the Indian Science
Congress session at Bangalore. While at
Bangalore, they visited the Kolar Goldfield
where there are some of the world’s deepest
mines. The delegates were entertained at a
lunch by the Kolar Gold Mining Companies.

On their way to Calcutta, the delegates
made a two-day halt at Madras. Arriving
at Madras by air on the 8th morning, they
visited the quarries of charnockite rocks at
St. Thomas Mount and Pallavaram on which
Holland wrote his classic memoir. It will
not be out of place to record here what Sir
Lewis Fermor remarked while visiting the
Pallavaram hill quarries with the delegates.
He said that as these hill quarries have

become a place of pilgrimage for the geo-
logists since Holland wrote his famous
memoir on the rocks, it was appropriate
that on the Pallavaram hill there should
be a museum containing specimens of char-
nockites and associated rocks. In the
afternoon, the delegates attended a tea party
given in their honour at the office of the
Southern Circle, Geological Survey of India,
at Mylapore. They spent some time in the
museum attached to the office, examining
rocks and minerals collected by the members
of the Department from all over South India.
Later, in the evening, the guests witnessed a
dance recital provided by the pupils of the
Saraswathi Gana Nilayam at the Museum
theatre. The entertainment was impressive
and the delegates spoke in appreciative
terms. The arrival of foreign geologists at
Madras roused public interest in the Depart-
ment which, though doing useful work,
seldom comes into the limelight. Very few
citizens could have known that the Geo-
logical Survey of India has a museum in
Madras until they heard that the delegates
visited it. On the following day, the guests
visited the famous monoliths of Seven
Pagodas ( Mahabalipuram ) and in the eve-
ning they visited the Geological Department
of the Presidency College, Madras, where
they were entertained at a tea party. On
the following day they (escorted by Dr.
A. K. Dey) arrived at Calcutta by air. At
the airport they were received by Dr. W. D.
West and other senior officers of the Geo-
logical Survey of India.

On the 11th, the delegates visited the
office of the Geological Survey of India, and
saw the geological galleries and special
exhibits displayed at the Indian Museum,
Calcutta. The exhibits showed the progress
of the Geological Survey of India during
the hundred years of its existence. Series of
geological maps, charts, photographs depicted
the marked progress. The other exhibits
included geophysical instruments with ex-
planatory charts showing their application.
The exhibits under Engineering Geology
gave an idea of the vast amount of work
carried out by the Geological Survey of
India in connection with some of the major
engineering projects now in progress in the
various parts of the country. The geological
work done in connection with the Damodar
Valley Project in Bihar, Bhakra-Nangal
Project in Punjab (I), Kakarapar and Koyna
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Projects in Bombay, Lower Bhawani Dam-
site and Tungabhadra Project in Madras
and Hyderabad, Kosi Dam-site in Bihar-
Nepal, the Hirakud Project in Orissa, and
the Marora, Ramganga and Pipri Dam-
sites in Uttar Pradesh were explained with
maps, charts and models. The publications
of the Geological Survey of India — the
Records, Memoirs, Bulletins, Palaeontologia
Indica and special publications — were dis-
played. In connection with its centenary
celebrations the Geological Survey of India
published a short history of the Geological
Survey of India, a handbook, and a guide
to the special exhibits. ¢

In the afternoon, the delegates attended
the 45th Annual Meeting of the Mining,
Geological & Metallurgical Institute of India,
where Dr. W. D. West extended to them a
hearty welcome. Later, Dr. B. R. Mackay,
Senior Geologist, Canadian Geological Sur-
vey, and Dr. W. J. Pugh, Director, Geological
Survey of Great Britain, gave lectures res-
pectively on Coal in Canada and An Ancient
Shore-line of Great Britain at the Indian
Museum. Afterwards, the delegates were
guests at the Annual Dinner of the Mining,
Geological & Metallurgical Institute of India
at the Bengal United Service Club. Sir
Lewis Fermor, a former Director of the
Geological Survey of India, who was the
Chief Guest at the function, replying to a
toast proposed by the President of the
Institute, Dr. D. N. Wadia, said that he was
associated with the Institute since 1906 as a
foundation member. During this period,
India had progressed much in scientific
development and the most amazing growth
in science had been in geology. When he
visited the Geological Survey of India office,
he found that they were manufacturing some
of the apparatus used by the Department
here.

Dr. W. D. Johnston of the U.S.A., in pro-
posing the toast of the Geological Survey of
India, referred to many points of similarity
between the Geological Survey of India and
the United States Geological Survey, and
hoped that when 28 years hence the United
States Geological Survey would celebrate
its first centenary it would look back with
the same pride of accomplishment that the
Geological Survey of India was feeling.

On Friday the 12th, a visit was made to
Job Charnock’s tombstone at St. John’s
Churchyard, Fort William, the Victoria
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Memorial and Tollygunge Club. The tomb-
stone of Job Charnock is of interest to geo-
logists since Thomas Holland named his
original hypersthene-granite in honour of
Job Charnock.

Sir Lewis Fermor unveiled the bust of Dr.
Birbal Sahni in the Invertebrate Palaeonto-
logical Gallery of the Indian Museum. This
was followed by entertainment and fireworks
in the lawns of the Indian Museum, and two
lectures at the Museum, one by Dr. Alfred
Bentz, President, German Geological Society,
on Petroleum Exploration in Germany and
the other by Prof. S. W. Carey, Professor
of Geology, University of Tasmania, on The
Orogenic Girdle of Gondwanaland.

The Ceremony

The commemoration ceremony was held
at 3 p.m. on Saturday the 13th January
at the Museum, the Hon’ble Shri N. V.
Gadgil, Minister for Works, Mines and
Power, presiding. His Excellency Dr. K. N.
Katju, Governor of West Bengal, was the
Chief Guest. His Excellency Sir Maharaj
Singh, Governor of Bombay, and Mr. S. N.
Buragohain, Deputy Minister, Works, Mines
and Power, Government of India, were also
present among many others.

At the outset, a former Director, Sir Lewis
L. Fermor, representing the Geological
Society, London, and the Mineralogical
Society of Great Britain and Ireland, Dr.
A. M. Heron, also a former Director, and the
Superintending Geologist of the Geological
Survey of India, were introduced. One
hundred girls taking one hundred burning
tapers then went round the pandal in a long
procession and thereafter garlanded the
overseas delegates and distinguished invitees.
Verses from the Vedas were sung which was
followed by the unveiling of the geological
map of India and the Department’s new
crest colourfully lighted by neon lamps.

Messages of congratulation to the Geo-
logical Survey of India received from various
scientific societies, eminent scientists and
noted individuals were read out. Dr. S. L.
Hora on behalf of the Royal Asiatic Society
of Bengal, Sir Lewis L. Fermor on behalf
of the Geological Society of London and the
Mineralogical Society of Great Britain and
Ireland, Mr. Tomofusa Mitsuchi, Director of
the Geological Survey of Japan, on behalf
of the Japanese Government, Prof. G. Bogo-
molov on behalf of the U.S.S.R. and the
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Russian Academy of Sciences, Dr. D. N.
Wadia on behalf of the Mining, Geological &
Metallurgical Institute of India read out
messages from their respective Societies
expressing deep appreciation of the work of
the Geological Survey of India during the past
years. Sir Lewis also announced the award
of the Lyell Medal of the Geological Society
of London to Dr. W. D. West in recognition
of his work in India. Other messages
received were from the Geological Survey,
United States ; Geological Survey of Norway ;
Australian Mining and Metallurgical Depart-
ment ; the Hon’ble Shri Sri Prakasa, Com-
merce Minister of the Government of India ;
Sir C. V. Raman; Sir S. S. Bhatnagar,
and General Cariappa, Commander-in-Chief,
Indian Army.

The Hon’ble Shri Jawaharlal Nehru,
Prime Minister of India, sent the following
message :

“I had long been looking forward to
attending the centenary celebrations of
the Geological Survey of India, and I am
sorry that my visit to England should
come in the way of my doing so. It is
just forty years now that I took my degree
in Cambridge, and among my subjects
was geology. Since then I have been
engaged in other activities of a varied
nature. But my interest in geology has
continued. This was another reason why
I wished to associate myself with these
centenary celebrations.

“In India today geology is of very
great importance and I am quite sure that
we should increase the activities of the
Geological Survey and widen its work.
I hope that these celebrations will attract
public attention and make people realize
the great importance of geological work
in this country. The development of our
mineral wealth should be a first priority
and it is through geological work that we
can do so.

“I welcome the eminent scientists who
are going to attend these celebrations.
Science is international and it is good that
in these days of international friction
scientists can meet as friends and col-
leagues, and consider problems from the
larger viewpoint of the world and the
progress of humanity.”

In his address, the Hon’ble Shri N. V.
Gadgil said that the Geological Survey of

* India.

India had contributed in no small measure
to the progress of the science of geology
during the past century. It would always
stand to the credit of geologists of India
that during past 100 years they had not been
behind the geologists of other countries. It
was India’s aspiration that they should now
be ahead of others. In the course of its
career, good traditions of service had been
established by the Geological Survey of
He had no doubt that these tradi-
tions would be carried further, and now
that India had achieved full freedom, the
Survey’s activities should expand in all
directions. In -the last few years efforts
had been made to recruit more staff and to
put the Geological Survey on a basis appro-
priate to its growing activities and im-
portance. There had been a better appre-
ciation of the rdle the Survey had to play
in the life of the community and he had no
doubt that this would soon be evident in
some tangible form.

Dr. Katju praised the achievements of the
Geological Survey of India and said that
whatever might be said about the political
objectives and the administrative structure
of the Government of British India, the
scientific institutions built by it, such as the
Geological and Archaeological Departments,
did their work regardless of political consi-
derations.

Dr. W. D. West, Director, Geological
Survey of India, recalled that in spite of the
great hardships which the geologists who
went to the jungles in the past had to
undergo, they laid the foundation of the
science in India on which they were now
building their edifice. Continuing, Dr. West
said that now under the inspiration of a
National Government the scope of the work
of the Survey had been considerably ex-
tended and, in addition to investigating the
country’s mineral wealth, it was also devoting
more attention to the ground water resources
of the country, while its advice from the
geological standpoint was sought in con-
nection with the many multi-purpose and
other engineering projects which are now
being designed and constructed. Though
Government was naturally most concerned
with the economic aspect of the Survey’s
work, it should be said to the credit of the
Government of India that it had always
recognized purely scientific work as an
important duty of the Survey and had
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regarded advancement of science not only
as something to be encouraged for itself,
but also for furthering and rendering more
valuable economic work. During the past
few years the Survey has been expanding
to a size it has never known before.

The function concluded with the singing
of the National Anthem.

In the evening members of Ghosh’s College
of Physical Education entertained the dele-
gates and visitors to athletic and yogic feats.
The Geological Survey Recreation Club had
also arranged music and dances in honour
of the delegates, and the day’s function
terminated with a stand-up dinner.

In the morning on Saturday the overseas
delegates called on Dr. K. N. Katju at
Government House, after which Dr. D. N.
Wadia unveiled the clay relief of P. N. Bose
(the first Indian to join the Survey ) in the
Geological Survey office. Later on the
delegates visited the Royal Asiatic Society
of Bengal.

On Sunday morning the delegates made
an air excursion to the approaches of the
Himalayas through the courtesy of Messrs
Doodwala & Co. In the afternoon there were
group photographs while in the evening an
At Home was given by the Geological Insti-
tute of the Presidency College, Calcutta, at
which Dr. W. J. Pugh, Director, Geological
Survey of Great Britain, and other overseas
delegates to the Geological Survey of India
centenary celebration, addressed the mem-
bers.

Accompanied by Messrs V. P. Sondhi,
A. M. N. Ghosh and Dr. A. K. Dey, the
foreign delegates left Calcutta on tour to
important mining centres in West Bengal,
Bihar and Madhya Pradesh by a special
train at 11.30 in the night. On the fol-
lowing morning they saw the sand stow-
ing plants of the Equitable Coal Co. at
Bhaladih ; in the afternoon they visited the
Indian School of Mines & Applied Geology
at Dhanbad, the Government Fertilizer
Plant at Sindri, and the National Fuel
Research Institute at Jealgora. Next morn-
ing, arriving at Kodarma, the party first
visited the Tilaiya Dam-site forming a part
of the overall development of the Damodar
River Valley in Bihar and West Bengal and
then went to Messrs Chatturam Horilram’s
mica factory at Kodarma, followed by a
visit to Chrestien Mica Industries’ Kalak-
thambi mica mine in the Kodarma Reserved
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Forest. On the 17th, the party, after seeing
an exposure of Talchir boulder-bed near
Chapri, about 6 miles north-east of Bokaro,
went to see the open-cast mining of the
100 ft. Kargali seam of Bokaro Coalfield,
and afterwards to Konarbandh, 7 miles from
Bermo railway station, to see the foundation
of the thermal plant, Damodar Valley Cor-
poration, being laid, and the model of the
power station area. They arrived at Tata-

" nagar on the following morning and visited

the Tata Iron & Steel Co.’s Works, water
works and Dimna artificial lake. Dr. John
Mathai of the Tata Iron & Steel Co. referred
to the useful work of the Geological Survey
of India and hoped that the traditions
established would be maintained. While
thanking the Tata Iron & Steel Co. on behalf
of the delegates, Dr. Bentz observed that
they saw the iron works without an iron
curtain. The next.morning Tata’s iron ore
mines at Noamundi were visited. The
party arrived at Nagpur on the 20th morning
and proceeded to see the Kandri manganese
ore quarry in Madhya Pradesh, worked by
the Central Provinces Manganese Ore Co.,
and on the way to the Geological Survey of
India Training Camp at Deolapar, saw
Ramachandra Temple at Ramtek. The
party spent two days at the Training Camp
examining the Archaean rocks which have
been, according to Dr. W. D. West, intensely
folded, with the production of nappe struc-
ture. To certain exposures the delegates
had to travel in small double bullock carts,
which they enjoyed. At Deolapar the
delegates saw the camp life of the Geo-
logical Survey of India and were satisfied
with all the arrangements made.

All were impressed with the mineral
potentialities of the Indian Union, parti-
cularly the 100 ft. thick coal seam in Bokaro,
the iron ore of Noamundi that would last
for centuries, and the mica deposits. The
delegates were gratified at the arrangements
made by the Geological Survey of India,
and the hospitality extended. The extensive
tours greatly added to their information and
the knowledge of the country. Appreciating
the arrangements, Mr. Finucane said that
Australia would welcome visitors from the
Geological Survey of India or from the
Geological Departments of Indian univer-
sities. Dr. Pugh remarked that it was a
good thing that the Geological Survey of
Great Britain had already -celebrated its
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centenary as otherwise he would not know
how to make similar arrangements. Dr.
Mackay, referring to the training camp,
said that there was an arrangement in his
country by which postgraduate students
were attached to the Canadian’ Geological
Survey party to map under the guidance
of the senior officers of the Survey. This
scheme is beneficial to both ; the students
receive stipends during the period of their
work with the Survey and gain experience
while the Survey gets more work done with-
out additional staff.

On the 22nd evening the Nagpur Branch
of the Mining, Geological & Metallurgical
Institute of India entertained the delegates
at a dinner at which Sir Lewis proposed the
toast of the Institute saying that he was
the oldest member of the Institute present
and that he saw the inauguration of the
Nagpur Branch in 1924 and noticed that the
progress of the Institute’s Branch has been
in keeping with the growth of the manganese
industry. Referring to the development of
manganese mining in Madhya Pradesh, he
said that where he could once walk across
the ground are now the great quarries and
the manganese mines. Dr. Pugh said that
the Institute was an offspring of the Geo-
logical Survey of India and, therefore, inti-
mately associated with the centenary cele-
brations. It will, no doubt, in the next few
years celebrate its Golden Jubilee when the
Geological Survey of India will confer on
it its affectionate blessings. Incidentally,
he referred to the distinctive work of Dr.
West at Deolapar and observed that the
academic side of the Geological Survey
should not be divorced from its economic
activities ; otherwise it would be like capital
without assets.

On the way to Delhi, the delegates visited
Places of historical and archaeological interest
at Agra, Fatehpur Sikri and Secundra on
the 24th January. At Delhi, they visited
the Kutub Minar and Tughlakabad on the
forenoon of 25th January and the National
Physical Laboratory during the afternoon.
On the 26th January, they attended the
Republic Day Parade in the morning, and
the tea party given by the President of
India in the evening. They also visited
Rajghat in the morning of the 27th, and
the Engineering Exhibition and the Asian

Museum in the evening. The Hon’ble Shri
N. V. Gadgil, then Minister for Works,
Mines and Power, gave a lunch to the dele-
gates, on the 27th, which was attended,
among others, by the Hon’ble Shri Jawa-
harlal Nehru, Prime Minister of India, and
the Hon'ble Shri Sri Prakasa, the Minister-
designate for Natural Resources and Scien-
tific Research. The delegates began to
disperse from the 28th January 1951.

The central and dominating figure that
was primarily responsible for the organiza-
tion and execution of the centenary cele-
brations was Dr. W. D. West. The Govern-
ment of India sanctioned a specific sum to
meet the expenses, but what was more
gratifying was the appreciation shown by
the mineral industry on this occasion. The
industry felt that it was a privilege to be
associated with the organization on an
occasion like this as the benefits it had
received through the work of the Survey
was invaluable. Everywhere the delegates
were received with warm hospitality. The
Burmah 0il Co. and the Assam Oil Co. volun-
tarily made generous contributions to meet
a part of the cost of the centenary, which
kindled the spark in others, and those
who contributed with equal generosity
included :

Chrestien Mica Industries, Ltd. ; Chatturam
Horilram Ltd., The Central Provinces Manga-
nese Ore Co. Ltd.; The Bengal Coal Co.;
Martin Burn Ltd. ; Tata Iron & Steel Co. Ltd. ;
Serajuddin & Co.; A. K. Sarkar ( Industries )
Ltd. ; Shaik Moula Sharaf ; and Doodwala &
Co.

At the close of the celebrations, Dr. W. D.
West announced that the mica magnate
Mr. Ramkumar Agarwala had promised a
munificent donation for instituting a medal
in connection with the Geological Survey of
India centenary. The medal is to be
awarded for the best work on the geology of
the Gondwanaland by scientists of the
countries which were once united together
and formed the Gondwanaland.

January 1951, in which month the cente-
nary of the Geological Survey of India
was celebrated, ended with the departure of
the last of a continuous succession of British
heads of the Survey, Dr. W. D. West. On
February 1st, Dr. M. S. Krishnan took
office as the first Indian Director.
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Bauxite Deposits in Orissa

S. C. CHAKRAVARTY
Geological Survey of India

on the western border of the present

State of Orissa (wvide Survey of
India Topo. Sheet Nos. 64 L/6, 7 and 8 ;
scale 1" =1 mile) and consist of a series
of hill ranges aligned north-south with a
high plateau in the centre rising to more
than 3,000 ft. above the mean sea level.

The occurrence of bauxite on Khariar
Plateau was first recorded by Dr. C. S. Fox*
in 1923. In 1942-43 Dr. A. G. Jhingran
of the Geological Survey of India carried
out a rapid reconnaissance of the plateau
and suggested further investigation of certain
areas in this region. Accordingly, the fol-
lowing four laterite-capped hills were investi-
gated by the author:

(1) Kondomal Hills ‘3160 and 3101 —
64 1L/7 (20° 16’ 10" : 82° 27" 45”); (2) hills
west of Sainipara — 64 L/7 (20° 18 30":
82° 27" 30”); (3) Barapet Dongar Hill
3302 —64 L/7 (20° 19' 45" : 82° 27');
and (4) hills near Sandbahli — 64 L/8 ( 20°
12 55" : 82° 25’ 35”).

The highlands are made up of Pre-cambrian
sandstones, occasionally gritty, and quart-
zites with shales and quartz veins. They
are overlain by laterite with which bauxite
is associated. The bauxite, however, is
nowhere exposed on the surface. Shallow
pits dug at selected spots revealed the
presence of pockets and lenses of bauxite
of varying degrees of purity beneath the
soil mantle and laterite capping.

Bauxite from Bara Kondomal and from
the depression between Bara and Sona
Kondomals yielded on analysis 51'68 per
cent to 52:47 per cent and 6148 per cent
of alumina respectively. Stray boulders of
bauxite from the surface of Sainipara Hill
yielded 53-98 per cent alumina. The ore
is good but the quantity is small. Bauxite
from Sandbahli and Barapet is rather poor
in quality.

The Kondomal deposits, the most pro-
mising of all the four, may be divided into

THE Khariar Highlands are situated

* Fox, C. S. : Mem. G.S.I., 59, Pt. 1, 1923.
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two groups: (a) in situ, i.e. from the pits
near the summits of Bara and Sana Kondo-
mal Hills, and (b) detrital, as in the depression
between Bara and Sana Kondomals. All
the samples from group (b) yielded more
than 50 per cent alumina, which is not
always the case with samples from pits from
Bara and Sana Kondomals. The alumina
content of the samples from the shallow pits
(averaging 5’ in depth) dug in Kondomal
Hills appeared to be uniform throughout.

Assuming that the deposits are homo-
geneous and continuous and an average
depth of 4’ 4” for the deposit in situ, and
6’ 3" for the detrital deposit, the reserves
can be put at 3,01,500 tons. )

The central portion of Kondomal Hills
looks promising. More detailed prospecting
is necessary for obtaining a correct estimate
of the total reserves of bauxite.

Water for boring may be obtained by
constructing a small dam across the stream
flowing down Kondomal Hills.

Transport facilities in this area are un-
favourable. If reserves of the order of a
couple of million tons are proved, an aerial
ropeway may be constructed for the first

20°
15

SCALE 1"=4 MILES.
830’

FiG. 1 — BAUXITE DEPOSITS IN THE KHARIAR
HIGHLANDS OF ORISSA.
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stage, i.e. from the top to the bottom of
the plateau over a distance of 4 miles,
as the alternative road transport will not
be feasible due to the steep gradient of

the scrap faces of hill ranges. At the second
stage, the ore may be taken out to Khariar
Road railway station over a distance of
46 miles along the existing fair weather road.

Experimental Salt Farm &
Salt Research Station, Wadala

MATA

PRASAD

Royal Institute of Science, Bombay

in India is poor, and in some places

it is so low that the salt is unsuitable
for human consumption. The Salt Re-
search Committee of the Council of Scienti-
fic & Industrial Research considered the
question of improving the quality of salt
and recommended that salt research stations
and model farms should be established at
various centres in India with a view to
(i) demonstrate the scientific methods of
manufacture for improving the quality of
salt, (i) conduct investigations on the
economic layout of salt works, and (iii) study
all other aspects connected with the im-
provement of the salt industry.

The Government accepted these recommen-
dations and established a Salt Research Sta-
tion and Experimental Salt Farm at Wadala,
Bombay, in November 1949. A laboratory
for production control was set up this year.

THE average quality of salt produced

Quality of Salt Produced in Bombay

Analyses of samples of sea salt ( TABLE I)
produced at some salt works around Bombay
show that calcium sulphate, magnesium
sulphate and magnesium chloride are the
common impurities, the total percentage of
these salts being 5'3 to 6'8. This is due to
the defective layout of salt works and lack
of control during manufacture.

The ratio of condensing to the crystallizing
areas in many of the salt works is 1:1 or
1:2. This results in feeding brine of low
density to crystallizers and calcium sulphate
separates out with common salt. Further,
since the bitterns are not drained out,

TABLE I
Ligutr oR  HEAvy OR FLAKE OR
Marr SALT VAJNI SALT KUPPA SALT
% % %
NaCl 91-34 92-58 93-92
CaSO, 1-20 1-02 0-86
MgSO, 2-31 2:12 1-80
MgCl, 3-21 3:18 2:64
Insolubles 0-82 0-69 0-25
Undetermined 1-12 0-41 0:58
TABLE II
BEFORE AFTER
REMODELLING, REMODELLING,
acres acres
Reservoir 166 +90
Condenser 13-0 21-05
Crystallizers 21-0 7:15
Platform 2:0 1-20
Uncultivated land 2:0 4:35
54 64-65

magnesium salts find their way into the
salt. The beds of crystallizers are not
properly prepared and sufficient care is not
taken while scraping the salt with the result
that insoluble impurities, such as clay and
grit, find their way into the salt.

Experimental Farm

The Sulemanshah Salt Works at Wadala
has now been remodelled. The total area
of the works is 54 acres; it is fed by two
sub-creeks. Table II shows the distribution
of the acreage before and after remodelling.
The new layout is shown in Fig. 1.

The pan area comprising of about 825
small pans has been levelled. This work was
not completed during 1949-50; small cuts
were made into the embankments, and pans
were used as condensers during the season.
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FI1G, 1 — EXPERIMENTAL SALT FARM, WADALA.

The embankments not only prevented free
flow of brine but diminished the effective
evaporating surface also. The embank-
ments have since been removed and the area
of 14 acres thus gained has been used #o
increase the size of the original condenser
and the reservoir.

The whole condensing area of 21 acres
has been divided into 4 compartments
(C1,C2 C3andC 4in F16. 1) of 863,
65, 445 and 1'47 acres respectively. Some
of the old pans with a total area of 715
acres were remodelled into 48 pans, each
125’ X 40’. Only 32 pans have been cons-
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tructed this year. The original level of
the crystallizing pans was almost the same
as that of the condenser; in the new
crystallizers the beds have been deepened
by 6”. The earth thus excavated has been
used to strengthen the platform which was
washed away during the previous years and
was in an unserviceable condition. Hard-
bed crystallizers were prepared by tamping
the soil.

Method of Manufacture

Sea brine of 2-5°-3°Bé. is admitted into
the 5 compartments of the reservoir (R),
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where it gets concentrated to 4°-5°Bé. It
is then admitted into condenser C 1, divided
into 3 compartments, where the density rises
to 5°-7°Bé. The brine is led in succession
to condenser C 2 (10°-11°Bé.), condenser
C 3 (17°Bé.) and condenser C 4 where the
density reaches 24°Bé. Two feeding chan-
nels supply brine from C 4 to the crystallizing
pans. Sufficient brine of 24°Bé. is obtained
in about 2 months since the taking in of the
first tide.

Two types of salt have been manufactured
using the multiple irrigation system : (i) the
Kurkutch and (ii) the Baragra salt.

(i) Kurkutch Salt — The initial level of
24°Bé. brine in the crystallizers is 2" to 23"
in the beginning of the season and later
reaches to 3” to 34". The brine is allowed
to concentrate up te 28°Bé. Fresh brine is
admitted from time to time to maintain the
concentration of the brine in the pan below
28:'5°Bé. The salt which separates out
every day is allowed to collect in the pan
itself and the crust of the salt formed in
this way is hard. After about 6-7 weeks
the crust is broken by pick axes or pavdis.
The salt is then heaped in 3 or 4 ridges in
the pan and the bitterns drained out through
the bittern channel. The salt is lifted to
the platform and stored in heaps. The
analysis of this salt is given in Table III.
It was observed while breaking the crust
that the bed of the pan was affected and the
salt was slightly coloured. To obviate this,
the top layer of the salt was extracted in
such a manner that }"-}” crust of the salt
remained undisturbed at the bottom of the
pans. The salt' thus extracted was almost
free from insoluble matter and was white in
colour. The bottom crust left in the pan
was removed at the end of the season.

It will be observed that the magnesium
salt content of the product obtained is high
as it was not properly drained and washed.

TABLE III

KURKUTCH PARTIALLY PARTIALLY
(1949-50) EXCAVATED EXCAVATED
% KurkurcH KURKUTCH
(1949-50) (1950-51)
% %
NaCl 95-60 96-73 97-99
CaSO, 0-62 050 0-49
MgSO, 1-81 0-72 0-72
MgCl, 2-30 1-92 078
Insolubles 0-15 0-09
Undetermined ¥ 0-04 0-02
Moisture 9-15 7-00 4-61

TABLE 1V

BARAGRA  PARTIALLY
SALT EXCAVATED

(1949-50) BARAGRA
% SALT

(1949-50)

%

NaCl 95-37 96-75
CaSO, 0-82 0-59
MgSO, 0-80 0-37
MgCl,y 2-96 2-23
Insoluble 005 0-03
Undetermined ¥4 0-03
Moisture 5-05 5:00

The output was too large to be drained on
the embankment of the pans. The bitterns
are now being drained out once in 4 weeks,
and fresh brine of 24°Bé. is let in. The
salt is lifted leaving a crust of }” on the
bed of the pans. By adopting this procedure
the salt gets automatically washed. It is
drained on the embankment for 2-3 days
and lifted to the platform. The content of
magnesium salts has thus been considerably
reduced ( TaBLE III, last column ).

(ii) Baragra Salt — For the production of
Baragra salt, which is manufactured also at
Kharaghoda, hard crystallizer beds had
to be prepared and deep pans were required
to permit a layer of brine 4”-6” deep on the
surface of the crystals. The initial level of
brine was 3”-4” and the salt was allowed to
crystallize for about two weeks. The salt
was raked by special wooden rakes and
spread uniformly the next day. The process
of raking and spreading was continued on
alternate days till all the salt was harvested.
A small quantity of brine was allowed to
flow into the pans continuously and the
density of the brine in the crystallizers was
maintained below 28° Bé&. The level of the
brine above the surface of the crystals was
4"-5". Small crystals which were raked
every day adhered to each other and formed
bigger crystals (3" size) by agglomeration.
The bitterns were drained out after about
2} months and the salt removed to the
platform. There was, however, no need to
break the crust as the crystals were kept
loose by raking and spreading. The crystals
of Baragra salt produced were not as trans-
parent and as hard as those obtained at
Kharaghoda. The analysis of the salt
sample is given in Table IV. In this case
also a layer of salt }” thick was left at the
bottom and only the top layers were har-
vested.
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The total quantity of salt manufactured
during the season 1949-50 was about 31,000
md. out of which 3,000 md. were of Baragra
type. The yield compares favourably with
that obtained in other salt works in the
Wadala circle, with the advantage that the
purity of the salt is much higher. The
prevailing view that the greater the number
of pans the higher is the yield has been
shown to be erroneous as the yield has been
sustained despite the reduction in the
number of pans. Some of the salt manu-
facturers in Wadala area have adopted the
procedure worked out at the model farm.

Cost of Production

The total number of workers engaged
during the last season was 15, and the cost
of production worked out to As.-/11/3 per md.
This is slightly higher than the average cost

RES., V. 104, 1951

of salt of 92-94 per cent purity produced in
Wadala circle. Attempts are being made this
year to reduce the cost of production. The
entire quantity of salt was sold out and the
white Kurkutch and Baragra salts had good
market demand.

Work in Progress

Experiments were conducted to examine
the effect of the addition of Solivap Green
on the production of salt. The yield of salt
increased by 33 per cent, but the salt pro-
duced was coloured. Experiments are being
continued this season also with reduced
concentrations of the dye.

Attempts will be made to recover gypsum
and bittern salts. The quantity of bitterns
discharged is too small to be used for the
recovery of magnesium chloride, magnesium
sulphate and potassium chloride.

Condensation of Saturated
Vapours — Part II

theory of film condensation of vapours

was discussed, wherein it was suggested
that modifications could be effected in some
of the assumptions underlying his theory,
which could bring the assumed conditions
more in line with those actually present and
thus bring the calculated values more in
accord with the observed results.

In the present paper, heat transfer mecha-
nism of film condensation on vertical tubes
has been discussed with special reference to
the temperature of the wall and probable
cases have been analysed with formulations
of expressions suitable for design purposes.
Attempt has also been made to indicate the
most probable distribution of temperature
on the tube wall under normal conditions of
steady heat abstraction.

Consider a vertical condenser tube (FiG. 1)
of length L, surrounded by a saturated vapour

IN a previous communication?, Nusselt’s
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at a steady temperature T, and assume that
conditions exist for film condensation as by
presence of a cold medium inside the tube.
Considerations are limited to the vapour
side of the wall only and to stream-line flow
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dz
x+dx
FiG. 2

of the condensate. At any time after the
steady state is reached, a steadily flowing
layer of condensate is built up on the con-
denser wall, having increasing thickness in
its flow, with no thickness for an infini-
tesimally small length at the top of the
condenser and maximum thickness at the
bottom, as explained previously?.

On a horizontal section (Fic. 2) at a dis-
tance z from the top of the tube, where the
thickness of the condensate layer is », and the
temperature drop across the layer is A, it
was- shownl4 that the heat transferred, dg,
over a differential length dz of the condenser
could be evaluated as:

dg = ©DPEX yagy — A nDdz ..(1)
® x

where,
D = diameter of the tube,
p = density of the condensate,
) = latent heat,
p= viscosity of the condensate,
k = thermal conductivity of the condensate,
x = thickness of the condensate layer,
g = gravity constant.

On rearranging the above equation and
setting the limits for integration as:
x=0 whenz=0,
and x =x, when z2=1L,

we obtain

o L
—ng—)‘J x3dx = j A.dz
ku g

Assuming with Nusselt that physical
properties of the condensate remain constant,
the integration of this most pivotal equation
of the whole theory depends on how A is
expressed in terms of z or, in other words,
how the temperature is distributed over the
wall with reference to length. No theoretical
approach has so far been made to analyse
this. Nusselt got over the difficulty by
assuming A to be constant over the entire
length of the tube. As discussed before!,
this assumption is probably correct for very

short lengths of condensers or where the wall
is cooled by boiling liquids. For normal
condensers, such as those cooled by liquids
flowing up or down the tube, where a pro-
gressively increasing or decreasing tem-
perature is imposed on the cold side, other
probabilities will have to be ascertained,
which should, on the one hand, more closely
approximate to the actual temperature
distribution and, on the other hand, afford
a suitable solution of equation (2). Three
cases arising out of such probabilities will now
be discussed and equation (2) solved.

Case I : The temperature drop A is assumed
constant ( Nusselt); case II: the tempera-
ture drop is assumed linear with length, so
as to give arithmetic mean value of A ; and
case IIT: the temperature drop is assumed
exponential with length, so as to give loga-
rithmic mean value of A.

Case I : The temperature drop A assumed
constant = A, — For this case, equation (2)
is easily solved to obtain Nusselt’s familiar
equation :

2 . L
TN (™ yoay = j dz
ky.
PN
8 o8 = Ll coesviassas
LI g sl
Substituting for x, as:
P
L 4
— 3
and defining
A
R ARt 5
AL ®)

where T = peripheral liquid rate of flow, in
mass units per unit time per unit wetted
perimeter, equation (3) reduces to :

wr \b 4T\ %
hm(m)=1467(_“-) on6)

which is Nusselt’s equation.

Case II: The temperature drop linear
with length — In this case, if the tempera-
ture drops at the top and at the bottom of
the condenser of total length L are denoted
as A; and A, respectively, the temperature
drop A at any point z from the top is given
by:

A= A1+ABZA1z
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Substituting this value of A in equation (2),
integrating and rearranging as before, we get,

PN 2L _

ky- *, 4_ ’_‘L Aa.m.
where A, is the arithmetic mean of the
terminal temperature drops. It will be
seen by comparison that equation (7) is of
the same form as equation (3), having A,
substituted for A,

Case III: The temperature drop A ex-

ponential with the length of the condenser —
Expressing for this case

o
A= Age .

and proceeding as before, one obtains

Pex %, _ 3
LG =L B
where A;,,. is the logarithmic mean of the
terminal temperature drops. The equation
(8) is again of the same form as equation (3).
The limitations of case I ( Nusselt) have
already been indicated!. The other two
cases are based on the familiar methods of
approximating a mean value when the
exact mean value is unknown. The theore-
tical implications of these cases, however,
must be clearly understood. At the extreme
top of the tube, the thickness x of the con-
densate has all along been assumed as
tending to zero. Therefore, at the limiting
point where x=0, a finite value for the
temperature drop A,, with no resistance in
between, will mean infinite rate of heat
transfer. Such a rate of heat transfer,
which must result in condensation, cannot
be reconciled with zero thickness of the
condensate. Therefore, a finite value for
A, at the extreme top .of the condenser in
cases I and II is inconmsistent with x=0.
On the other hand, in case III, a zero value
for A; makes the logarithmic mean

A
Aim. =Ag— A, flog —A—l
2

imaginary and absurd, unless A, is assumed
arbitrarily to have a value higher than unity.

In view of the above, A, must be zero
when x=0 for the cases to be practical.
On this basis an important theoretical
advance can be made in deducing mathe-
matically the temperature distribution along
points on the vapour side of the wall, as all
the necessary conditions exist to calculate
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FiG. 3

the value of A at any point on the tube for
a given length of the condenser and for a
given quantity of the total rates of conden-
sation. :

Case IV — Consider the condenser in
Figs. 1 and 2, of total length L, transferring
heat at a steady total rate of Q, with tempera-
ture drop A; =0 at the top and A, at the
bottom. On any elemental area (= D. dz),
of the condenser the following relations hold
(vide equation 1) :

dg = %xzdx=%.A.uD.dz

i.e. each elemental area along the tube is
transferring a quantity of heat, through the
thickness of the condensate and under the
temperature drop present on the area,
according to the above equation.

For assessing the distribution of tempera-
ture along the tube, the heat transferred over
the entire condenser could be imagined as
collected by the rise in temperature of an
imaginary liquid of specific heat ¢ and
initial temperature (T—A,) flowing past
the tube at a weight rate of w, and getting
heated to T, without offering any thermal
resistance ( Fic. 3).

- Q=wc [T—(T—A;)]=1wch, ...(9)
On any elemental area,

2
dq = wch = —@iﬁ x’dx

and for the entire condenser,

Ay %o
0 =j wedA =j "_D"u_zg’: s .....(11)

2
BOPEL 1 rvcassssson (12)

or Q =wch, = n :
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For obtaining a general equation, limits
may be set as 0 to A and 0 to x respectively,
so that

A x
2
.‘- wedA = j ﬂD—‘;g—l‘ x¥dx

wDP%N
s 2 e (13)

Subsitituting for wc¢ from equation (12),
we get,

or wcA =

mDP*%\A, 4
=2 ¥ ssusanenses 14
300 (14)

This is a general relationship between A and
x expressible in terms of known quantities
after substitution of the value for A, as given
below. Similarly, from equation (1) and (10),

we %

wDE A
Substituting for x from equation (14), and
for wc from equation (12), we get,

$
0 (42 V4 ...
=DFE, \ wDeigxB, ) A= % (15)

If the equation is integrated between the
limits of A=0 and A and corresponding
limits of z= 0 and z, we get,

Y ( 3uQ )‘rd_A:I'dz
wDkA, \ ©DP2g)\ A, , A ’

- 3Q ( 3uQA )*_
nwDkA, \ =DP%AA, ] —

which gives a general relationship between
A and z at any point, after substituting the
value of A, in known quantities.

The value of A; in known quantities is
obtained by integrating equation (15) over
the entire length L, thus:

L

Q 3uQ \taa_ "
nDkA, (wDP’glA,)J‘ At —I 2

30 (30 \t_
°F =DkA, (uDP’gl) -

_ 30 / 3u0 \}
or A, DLk (ﬂ:DP”gl) ...... (17)

Combining equations (14) and (16), one
obtains :

dA = dz

At _mDEAy (-n:DP'g),A,)L (qcDP'gl A,)*x
30 3uQ 3uQ
or wDRAz=3Qx% ............ (18)

which is a general relationship between x
and z at any point on the tube, expressible
in Q and L, after substituting for A,.

As the temperature drop over the length
of the tube varies according to equation (16)
from A=0 to A=A, a mean value A,
can now be obtained as:

Substituting for A, we get,
A =1_J“(«:D)‘P=gxk%;z=
m L

(GO

(D)%% \R3ASL3
60w
which, on substitution for A4, reduces to :

_ 30 _(_3u0 \}
m~ 4xDNFE (ﬂ:DP’gl)

From the above mathematical analysis of
the wall temperature, important deductions
could be drawn and summarized as follows :

For any vertical condenser condensing
saturated vapours with film-type condensa-
tion under steady conditions :

(a) the thickness of the condensate layer
on the tube varies linearly with length of the
condenser and not as one-fourth power of
the length as deduced by Nusselt ;

(b) the temperature drop across the con-
densate layer varies as the third power of
length. It will also be clear that instead of
assuming a mean value of the temperature
drop, the mean value as well as the tempera-
ture drop at any point on the vapour side of
the wall can now be calculated if the total
quantity of heat passing through the wall
and the length of the wall are known ;

(c) the mean value of the temperature
drop is one-fourth the value of the tempera-
ture drop across the condensate layer at the
bottom of the condenser ;

(d) for various condensers with a given
heat flux (Q), the mean value of the tempera-
ture drop varies inversely as the length and
for condensers of a given length, the mean
temperature drop varies as 4/3 power of the
heat flux;
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TABLE I

Liquid oxygen at —297- 4°F.; density = 711 Ib.Jcu. fi. ; visco-

sity = 0:46 Ib./(hr.) (ft. ), thermal conductivity = '0-1205

B.T.U.[(hr.)) (sq. ft.) (°F.[ft.); latent heat = 91-7 B.T.U./[lb.;

acceleration due to gravity = f 18x10’f ft./(hr.)? ; D=0-0521 fi.;
1-31

No.  Hear :?wx, A, A, Am oss.

B.T.U./hr. onsol%ltvnn, C‘.‘,i}?n‘ A,, carcp.
1 44-9 0:15 0-1629 0-917
2 53-6 0-256 0-2593 0-966
3 81-4 0-30 0-3603 0-835
4 110-3 0-37 0-5400 0-686
b 125-7 0-62 0- 6430 0-966
6 143-2 0-78 0-7639 0-956
7 170-3 0-94 0-9636 0-975
8 201-2 1-24 1-2040 1-030
9 206-7 1-29 1-2480 1-033
10 239-1 1:58 1-5160 1-042
11 242:9 1-55 1-5470 1-001
12 273-7 1-76 1-8140 0-971
13 308-1 2:04 2-1250 0-961
14 3848 261 28580 0-916
15 428-0 2-97 3:2040 0-903
16 556-0 4-47 4-6580 0-961

(e) considering A,, Q0 and L of equation
(17) and A,,, Q and L of equation (20) as
variables for different condensers, the equa-
tions can be used for design purposes if any
two of the three variables are independently
known.

For the verification of the above analysis
such data from literature has to be selected
as will conform to the conditions of conden-
sation assumed in the above derivations.
Such sets of data have been recently pub-
lished® for heat transfer from condensing
oxygen and nitrogen vapours on vertical
surfaces. The surface temperature of the
tube (153" long, §” o.d. and §” i.d.) was
obtained from the arithmetic mean of the
four thermocouple readings. The observed
values of the mean temperature drop across
the film of condensate of oxygen vapour is
shown in Table I.

In order to calculate the mean value of
the temperature drop by using the equation
(20), the physical characteristics of liquid
oxygen at the mean condensate temperature
are required, besides values of the heat flux,
Q. Reliable values for the density of liquid
oxygen at —297-4°F. have been given by
Kammerling e al.5. The values for the
viscosity of liquid oxygen are given by a
number of workers™®; however, the values
as given by Rudenko? appear to be more
reliable and hence are used in the verification.
For thermal conductivity of liquid oxygen,
the values as reported by Hammann® and
the required latent heat data as published
in literature!! have also been utilized.
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The published data, given in metric units,
had to be converted to English units for
employing them in these calculations. The
converted data is shown on the top of
Table 1.

Using the results of Haselden et al.® and
making use of the physical data given at
the top of Table I, the mean temperature
drop across the condensate film was
evaluated, using equation (20). The results
so calculated are given in Table I, which
compare favourably with the observed values.
The last column in the table gives the ratio
A,,0bs./A,calcd. and in most of the cases, the
ratio is very nearly equal to unity. Barring
the readings No. 3 and 4, which vary con-
siderably from the calculated results, the rest
of them show a remarkable agreement with
the observed values. Leaving the two
readings which fall out, the mean value of
all the readings given in the last column is
0-971 instead of unity.

A similar procedure was adopted for
evaluating the mean wall temperature for
the case of condensation of nitrogen vapour
on the same condensing surface using the
results of Haselden et 4l.5%. The physical
characteristics were obtained from the pub-
lished data. The values of density of nitrogen
were obtained from literature!’. The data
for the viscosity of liquid nitrogen at the
boiling point are published by Rudenko?
only. Since his results for the viscosity of
oxygen appeared more reliable than the data
published by others, his results for nitrogen
were also accepted as satisfactory. Values
for the thermal conductivity of liquid
nitrogen have been reported both by
Hammann!? and also by Borovik ef al.12, but,
by comparison of the methods adopted, it
appeared that the apparatus used by
Hammann was less subject to error® and
hence his results were used. The latent heat
data are taken from the International
Critical Tables.  The physical data, after
correction and conversion to English units,
are given at the top of Table II.

The observed results of Haselden et al.
have been compared with the calculated
values using equation (20) and have been
shown in Table II. Although the agree-
ment is not as good as in the case of the
results on condensation of oxygen, the error
involved is well within the limits tolerated
for all the experimental work of the type
undertaken by Haselden et al.
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TABLE 1II

Liguid nitrogen at —300-4°F. ; density = 50-5 Ib.Jeu. ft.;

viscosity = 0-3824 Ib./( hr.) (ft.) ; thermal conductivity = 0:12

B.T.U.](hr.) (sq. ft.) (°F.[ft.) ; latent heat = 85-7 B.T.U.[ib. ;
g=4-18x10° fi./(hr.)* ; D = 00521 ft.; L = 1-31 ft.

No. HEATQI:LUX, Am Am Am 0BS.
BT.U/br.  OBSERVED,  CALOP» A carco.

1 593 0-27 0-286 0-977

2 991 0-59 0568 1-037

3 157-6 1-09 1-054 1-033

4 218-3 1-74 1-629 1:067

5 292-6 2-79 2-406 1-155
6 367-8 3-74 3-264 1-144

7 425-0 4-23 3:959 1-118
8 4606 4-92 4-398 1-118

9 473-8 5-27 4575 1-150
10 539-6 6-22 5442 1-142

The remarkable agreement between the
observed and the calculated values lends
much support to the new analysis of film
condensation presented in this paper. The
analysis has further attempted to give a
clearer picture of the mechanism of heat
transfer than what was so far available
and has clearly defined the contours of the
various important variables.

Summary

The heat transfer mechanism of film con-
densation of saturated vapours is discussed.
Limiting considerations only to the vapour
side, expressions suitable for design purposes
have been derived, assuming the transfer of
heat from the vapour to the cooled surface
to be by pure conduction and the tempera-
ture drop across the film of condensate to be

(1) constant, (2) linear with length and
(3) exponential with length.

A new mathematical approach to the
problem of condensation of vapours is made,
which enables evaluation of the variation of
the thickness of the condensate layer and
the distribution of the temperature along
the length of the tube, lending a method for
the evaluation of the mean temperature of
the wall. The mean temperature so calcu-
lated is verified from recent experimental
data available.
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Cellulose Pulp in Inorganic Chromatography

SCHWAB AND JOCKERS! APPLIED THE TECH-
nique of chromatography for inorganic ana-
lysis, using alumina for the adsorption of
inorganic ions. The use of cellulose as an
adsorbent is more recent and it has found
application in the separation and purifica-
tion of inorganic compounds. Cellulose pulp
from Whatman ashless tablets has been
employed in the Chemical Research Labora-
tory, Teddington, for the separation of ura-
nium from other metals®.

Cellulose pulp obtained by treating ab-
sorbent cotton with dilute nitric acid (5 per
cent, v/v) has been successfully employed
in these laboratories as a substitute for
pulp from Whatman tablets. Comparative

studies with solutions containing ( UO, )+,
Fet++, Crt++ and Cut+ using the pulp
prepared in this laboratory and Whatman
pulp have confirmed the suitability of the
former for chromatographic work.
The author is indebted to Dr. J. Gupta
for suggestions and guidance.
M. M. SINGH

National Chemical Laboratory
Poona
January 29, 1951

1. Scuwas, G. M. & Jockers, K.: Angew. Chem.,
1937, 50, 546.

2. BurstaLL, F. H. et al. : Trans. Favaday Soc.,
1949, 7, 179.
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Food Processing & Preservation—
Some Recent Developments

M. N. MOORJANI & D. S. BHATIA
Central Food Technological Research Institute Mysore

OODS can be preserved by canning,
F dehydrating, smoking, salting, pick-
ling, refrigerating, and by incor-
porating preservatives. With the growth of
the urban population and the rise in stan-
dards of living of the people, the demand for
preserved and processed foods has increased,
and food technologists have developed new
techniques of processing which ensure in the
preserved materials not only all the nutrients
but also the flavour, texture and appearance
of fresh foods.

Freezing

The quality, flavour, colour and vitamin
content of most frozen foods is superior to
that of foods preserved by other methods ;
freezing is likely to become the most im-
portant method of food preservation.

Considerable research in the freezing of
pre-cooked foods had been carried out before
the war, but it was during the war, when the
shortage of metal became acute, that atten-
tion was diverted from canning to freezing.
The advantages of freezing pre-cooked foods
are saving in labour and time for servicing
and saving in space for transport by railand air.

Frozen Fruit Juices — A freezing process
for concentrating citrus juices has been
developed by Florida Citrus Canners’ Co-
operative, Lake Wales, Florida, U.S.A.1, and
a low temperature evaporator of unusual
efficiency has been designed. Water is
evaporated from deaerated citrus juices in
a tubular heat exchanger, utilizing the heat
obtained during the compression of ammonia.
The water vapour is condensed in a second
tubular heat exchanger by the cooling
resulting from the evaporation of liquid
ammonia. Concentration of the juice is
effected under high vacuum and low tem-
perature ( 50°-70°F.). This is followed by
blending with unconcentrated juice, slush
freezing, canning and hard freezing at 0°F.
The fruit product has a high vitamin C
content and an excellent flavour.
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A unique food freezer with an output of
1-5-2 tons per hour has been developed by
the Food Machinery Corporation of U.S.4.2%,
which automatically and continuously freezes
food in domestic size cartons.

Freeze concentration developed by the
Commonwealth Eng. Co. of Ohio, U.S.A3,
has been successfully applied to a wide
variety of fruit juices including those of
apple, cherry, grape-fruit, lime and orange.
The separation of water as ice is controlled
in such a way that a clean separation of
ice and concentrate is brought about and
the nutritive and aromatic constituents are
retained in the juice concentrate.

Freeze Drying — In this process?, the pro-
duct is frozen, and the separated ice is
sublimed rapidly under high vacuum. The
labile substances are unaffected and the
material does not harden or suffer any other
adverse change. Citrus juices, meat, meat
products and many other foods can be
dried and stored with advantage by this
method.

Dehydro Freezing — The space and weight
advantages of dehydrated products with the
quality retention of frozen ones are com-
bined in a new process developed by Howard
and Campbell>. The removal of about two-
thirds of the water present in the foodstuff
is followed by freeze storage, resulting in a
product which is easy to reconstitute. The
process has been applied to peas, carrots,
asparagus, cherries, apricots and potatoes.

Dehydration

Spray drying is unique for two reasons:
The drying time is brief — generally a few
seconds — and, due to the rapid evaporation
of water, the solids are not heated to a high
temperature. These are important consi-
derations in the processing of heat-sensitive
foods.

Compression — The volume of dried fruits,
vegetables, eggs, soups and flours can be
reduced to about 60 per cent their original
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volume without injury to the productor dete-
rioration in quality by compression®. Stor-
age characteristics are likewise unaffected.

Cooking & Sterilization

Dielectric Heating — The use of dielectric
heating has been proposed for the pasteuriza-
tion of milk?, wines® and beer®, and for the
thawing of frozen foods!?, sterilization of
bread!! and blanching of vegetables!2.

Radar Energy — Raytheon Manufacturing
Co. of Waltham, Mass., U.S.A., have dev-
eloped a radar oven with a magnetron
tube, generating microwaves at a frequency
of 3,000 megacycles with a power input of
2,000 watts, which can raise the temperature
of relatively small quantities of food (2 Ib.
or less) from room temperature or —10°F.
to 140°F. in a minute or less depending on
the weight, thickness and type of material.
Radar cooking overcomes the possibilities of
nutritional losses which occur during the
conventional methods of cooking. Proctor
and Goldblith!® have applied radar energy
for baking cakes, cooking meat and fish and
for blanching vegetables.

Electronic Sterilization — X-ray irradiation
offers a means of sterilizing foods. The
penetrating electrons of ultra-short duration
emitted from a capacitron!®'® have been
utilized for sterilizing a wide range of medi-
cinal preparations and foodstuffs.

The Van de Graaff electrostatic generator,
rated at 3 million volts constant potential,
delivers high energy Roentgen rays and
cathode rays which can be used for steri-
lizing foods. Dunn ef al.'? indicated the
possibility of sterilizing fluids continuously
by exposure to the electron beam from an
Van de Graaff generator for a predetermined
period. Proctor and Bhatia'® have indicated
the possibility of sterilizing lean fish fillets
by cathode-ray irradiation without loss of
amino acid content.

Electronic sterilization has found wide
application in the pharmaceutical industry,
but its application to the food industry is
still limited. Irradiation imparts a “‘radia-
tion taste” to certain foods which is not
desirable.

Preservation with Antibiotics

Anderson and Michner at the Western
Regional Research Laboratories, Albany, Cali-
fornia, U.S.A.2%, have suggested a preserva-
tion treatment for foods which may revolu-
tionize the current canning practice. The
treatment consists in (a) the destruction of
non-spore-forming bacteria, yeast, fungi and
enzymes by mild heat treatment ; and (b) the
destruction of spore-forming bacteria with
mild heat and subtilin or other antibiotic,
singly or in combination. The cooking
time is shortened, the need for pressure-
heating equipment is eliminated, and the
quality of the food is maintained. Preli-
minary trials have shown that foods with
subtilin and mild heat remain in a good
condition for several months. The method
is still under investigation.
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Metallization & Electroplating
of Wood, Glass & Plastics

S. K. ROY & B. C. KAR
National Metallurgical Laboratory, Jamshedpur

ROCESSES for the electrodeposition
P of metals have been developed and
extensively adopted in art and in-
dustry. Methods for the deposition of
metals on non-metals have not, however,
attained a comparable stage of commercial
success. The problem of metallization has
attracted considerable attention as success
in this field would help conservation of
metals. Further, by virtue of the high
corrosion resistance of metallic coatings on
non-conducting materials, metallized articles
would find numerous applications in industry.
For the electrodeposition of metals on a
non-conductive substance, the surface of
the latter must be rendered conductive.
Wood is usually graphitized and glass and
plastics are metallized as a preliminary to
electroplating.

Conducting Coatings

The articles, after cleaning and degreasing,
are coated with an adhesive over which a
conducting layer of graphite!, copper?, lead,
silver or bronze is applied. Lacquers,
varnishes, turpentine oil, bees-wax and
road pitch thinned by turpentine oil have
been employed as adhesives. Wooden articles
are polished and varnished twice or thrice
with turpentine oil and powdered graphite
applied uniformly over the surface with a
camel hair brush. Metal powders are mixed
with shellac or cellulose lacquers and sprayed
over the surface. The conducting coating
is then electroplated with copper, the copper
deposit serving as an intermediate coating
for top finish with other metals. The
composition of the copper bath and the
operating conditions are :

Copper sulphate 160-250 gm. /litre
Sulphuric acid

(sp. gr. 1-88) 40-75 gm. [litre
Current density 20-25 amp./sq. ft.
Anode Copper
Voltage 2-4 volts
Temperature 25°-30°C.
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Nickel, silver, chromium, etc., may be
deposited on the copper coat by using
standard plating baths.

Film Coating by Reduction

Narcus® developed a process for the
deposition of silver films on plastic surfaces
by applying the reducing action of formal-
dehyde on ammoniacal silver nitrate. The
preliminary treatment of the surface for
ensuring adherent films has been discussed.
Among the reducing agents available, only
a few have proved useful for practical
application. These include: invert sugar,
dextrose, lactose, formaldehyde, acetalde-
hyde, tartaric acid and sodium potassium
tartrate, and amino alcohols. Silver nitrate
solution (40 gm./litre ) is mixed with excess
of ammonium hydroxide to obtain a clear
solution. The article to be silverized is
dipped in the solution and formaldehyde
(40 per cent ) added, the temperature being
maintained at 22°-25°C. "The deposition of
silver is complete in half an hour. Articles
thus silvered are withdrawn from the bath,
washed with water and dried. Copper is
then deposited on the surface for which
purpose two acid baths have been employed :

I
Copper sulphate 160 gm./litre
Free sulphuric acid

(sp. gr. 1:88) 2 c.c./litre

Current density 18-20 amp./sq. ft.
Anode Copper
Voltage 2-3 volts
Temperature 25°C.

11
Copper sulphate 250 gm./litre

Sulphuric acid
(sp. gr. 1-88)
Current density

12 c.c./litre
14-15 amp./sq. ft.

Anode Copper
Voltage 2-3 volts
Temperature 25°C.
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The copper-coated surface is buffed and
electroplated with the desired metal by
standard procedures.

Sodium hydrosulphite* has been used as
reducing agent for the deposition of copper
from cuprammonium salt. To obtain good
results the pH of the solution is maintained
at 8-9 and the temperature at 24°-28°C.
The film deposited on glass is found to be
less adherent than that on plastics. The
conducting copper film is rinsed with water,
washed with alcohol and dried. Different
metals are then deposited according to
standard methods.

NOTES

Deposition of silver and copper films on
wood surfaces has not proved satisfactory
in practice as the metallic films do not
adhere firmly to the surface. Graphite
coating gives uniformly satisfactory results.
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Non-Technical Notes

ORANGE OIL

ORANGE OIL IS USED FOR FLAVOURING CON-
fectionary, for perfuming soaps and tobacco
and as an ingredient for eau-de-cologne. The
raw material required for extracting the oil,
viz. fresh orange peel, is available at fruit
processing factories. The improved sponge
process developed by the Council of Scienti-
fic & Industrial Research is simple, efficient
and suitable for adoption in factories engaged
in processing oranges. Orange oil has a
ready market within India.

The peel of Nagpur oranges contains c.
1-85 per cent oil and that of Coorg oranges,
2-3 per cent. Using the improved sponge
process, it is possible to extract from Nagpur
orange peel, a high grade oil in a yield of
1'45 per cent. An inferior oil can be ob-
tained from the residue by steam distillation.

Equipment

A mincing machine, two sponges, a few
enamelled buckets and basins, and separating
funnels are the items of equipment required.
The total cost of equipment is estimated not
to exceed Rs. 1,500.

Production Cost

The production cost of the oil is determined
by the availability and price of orange peel.

The price of peel at Nagpur was, recently,
Rs. 2 per md. and this has been taken as
the basis in calculating costs.

Hand-pressed Oil

Rs. as. p.

1 md. orange peel @ Rs. 2/—
per md. 2 00
Labour 500
Recurring expendlture 0 8 0

TotAL 7 8 0

Yield of oil, 1'1 Ib.
Cost of oil per 1b., Rs. 7/1/-

Steam-distilled Oil from Residue
Residue after hand pressmg

Fuel .. 1 00
Labour... 1 00
ToTtAL 2 00

Yield of oil, 0:3 1b.
Cost ( approx.) of oil per 1b., Rs. 6/11/-

Sun-dried peel, soaked in water and minced
to a pulp, yields on steam distillation 4-6
per cent oil on the weight of the peel. The
cost of production of oil by this process
is approximately Rs. 5/8/- per 1b. The oil
is somewhat inferior to that obtained by the
sponge process.
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SCHIMMEL ANNUAL REPORT ON ESSENTIAL
O1Ls, AROMATIC CHEMICALS AND RELAT-
ED MATERIALS, 1947-1948 (Schimmel &
Co. Inc., New York), 1951, pp. 125. Price
$3.25

The latest Schimmel Report covering the

two years 1947 and 1948 is a valuable

record of research and technical develop-
ments in the field of essential oils and
aromatic chemicals.

The Report remains essentially unchanged
from the previous issues in the presentation
of contents. The alphabetical arrangement
has been retained and this would be help-
ful to those using the work for reference.
One departure, which will be welcomed,
is the inclusion of a brief foreword to the
Essential Oils section drawing attention to
the more outstanding developments covered.
A paragraph of similar intent opens the
section dealing with Research on Aromatics.

It is interesting to note that, in spite of
considerable activity in the synthesis of
aromatic materials and the wide use of
such products, interest in natural essential
oils has by no means abated and some of
the most interesting items in the book deal
with investigations of new oils. For ins-
tance, one item deals with the essential
oil from the leaves of Clausena anisata.
The oil contains 75 to 90 per cent ane-
thol, and it can be used in place of
aniseed oil for many purposes, although
the odour is somewhat different. Another
development in this category is the oil
from goldenrod ( Solidago odorata Ait.).
This oil can be produced economically on
a commercial scale, and used in place of anise
oil with which it resembles both in flavour
and odour. The unabated interest in natural
volatile oils has been repeatedly brought
home to the reviewer in his extensive litera-
ture search in connection with the com-
pilation of the Dictionary of Indian Raw
Materials & Economic Products.

Some of the items relating to research
on the chemistry of essential oils which
appear in this Report may be mentioned
here. Nerolidol, a sesquiterpene alcohol
which is valuable for use in perfumery,
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was found to be the principal constituent
of cabreuva oil. This is one of the rarer
essential oils obtained from the wood of
Myrocarpus species found in Brazil.

The parent substance of the essential
oil of garlic was isolated and identified as
a new amino acid containing a sulphoxide
group. This amino acid is converted by
the enzymes in garlic to allicin, the anti-
bacterial principle of garlic. Loss of an
atom of oxygen transforms allicin into
diallyl disulphide which is the main consti-
tuent of garlic oil.

Jasmone, a ketone which is familiar as a
constituent of the oil of jasmine, was found
to occur in peppermint oil from Mentha
piperita. The superior odour of this type of
peppermint oil in comparison with M.
arvensis ( Japanese peppermint) oil is
attributed to the presence of jasmone and
of menthofuran, neither of which is present
in the oil of M. arvensis.

An epoxide of caryophyllene, which was
isolated from clove oil, proved to be identical
with a sesquiterpene oxide previously found
in lavender oil. It was demonstrated that
caryophyllene present in clove oil does not
occur as such in the clove buds but is formed
during the steam distillation of the oil.

Research on the synthesis of perfume
materials included two investigations of
unusual interest—one on the synthesis of
the irones occurring in extracts of orris
root, and the other on the development
of the acyloin condensation into an efficient
method of ring closure for the synthesis of
large ring ketones having a musk odour.
Muskone, which has a methyl group on the
ring, and civetone, which contains a double
bond, were synthesized by this method
in addition to the series of simple macro-
cyclic ketones.

The Report is rich in interest and main-
tains the thoroughness which characterized
its predecessors. The illustrations are varied,
well chosen and handsomely reproduced,
lending additional interest to a well turned
out volume. Every one seriously interested
in the field of aromatic chemicals would
welcome this Annual Report.
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CELL PHYSIOLOGY AND PHARMACOLOGY, by
J. F. Danielli (Elsevier Publishing Co.
Inc., London ), 1950, pp. viii+156. Price
$3.00

One of the famous physiologists of the

late nineteenth century, Prof. Pavlov, em-

phasized the need for the study of ““ cell
physiology, as distinguished from ‘‘ organ
physiology ”’, then studied by most workers
in the field. Since then, many outstanding
contributions have been made both in the
basic sciences and in the biological sciences
so that we, in the middle of the twentieth
century, are coming to realize more and more
that the underlying characteristics of life
are of a colloid chemical nature, that the
structure of the matter for most vital
processes is not the relatively gross structure
of cells, nucleus, chromosomes, etc., but
the fine structure of protein, molecules,
protein or polysaccharide chains, enzyme
complexes or membranes. The whole con-
cept of life phenomenon in its protean
manifestations, and of the modifications
that can be brought about in them by
external stimuli and drug actions are
undergoing vital changes. At this time,
both for the teacher as well as the researcher
in the field of cell physiology and pharmaco-
logy, a book of the type presented by

Prof. J. F. Danielli would be most welcome.

It is undoubtedly a very worth-while presen-

tation and to the reader most thought-

provoking.

Based upon lectures given at University
College, London, the author has given
very stimulating examples and arguments
on cell physiology and pharmacology in
six readable chapters entitled: (1) Cell as
a Physico-chemical Unit, (2) Possible Actions
of Drugs on Surfaces, (3) Membrane Per-
meability and Drug Action, (4) Enzymesand
Drug Action, (5) Action of Narcotics and
(6) Responses of Cells on the Biological
Level. It is not possible to bring out all
the fine arguments marshalled by the author
in offering explanations regarding the nature
of drug actions of various types but, asa
pharmacologist interested in these fields, the
reviewer can say with confidence that many
a research investigator in cell pharmaco-
logy would certainly find lots to make him
think seriously on some of his own problems
and might offer some acceptable and plausible
explanations for his own data which could
not otherwise be explained by him. All

workers on cell physiology and pharmaco-
logy would agree that the subject is extremely
complicated and that many more man-
hours should be devoted to biological
research of this type which aims at un-
ravelling the very fundamentals of inter-
action of a drug with a “ cell ”’, rather than
to purely chemical research, as is frequently
directed towards synthesis of compounds
supposed to have biological activity based
only on similarity of chemical structure.
The reviewer also agrees with the author
when he postulates that when more is
known about the fundamental biology of the
cell and its reaction to known stimuli,
““the hit or miss technique, which is now
the main basis of the search for new drugs,
will be eliminated. - For chemists this will
mean much diminution of effort — probably
90 per cent or more of time used for syn-
thesis of useless compounds can be eli-
minated. And for biologists, there will be
a corresponding diminution in the time
spent in testing inactive compounds.”
That the book will be welcome to the
research worker, there can be no doubt.
In view of the increasing attention now
being centred towards the elaboration of
new drugs and in view of the large number
of researchers in these fields, the book can
also be considered an appropriate and
timely publication. Many senior workers
had been looking for the type of material
now available in this book for years and
they will certainly appreciate Prof. Danielli’s
commendable efforts in the borderline field
of physical chemistry and biology. All
workers in the field of cell physiology, bio-
chemistry and pharmacology should possess
this book in their personal or institutional
library. The format is good and the subject
and authors index and the references at
the end of each chapter provide ready
access to other literature for elaborate
study.
B. MUKER]I

HANDBOOK OF BROADCASTING, by Waldo
Abbot ( McGraw-Hill Book Co. Inc., New
York), Third Edition, 1950, pp. xi +
494, Price $5.00

This is an expanded and completely re-

written edition of the well-known text-

book on broadcasting first issued in 1937,

the second edition of which was published

in 1941. A comparison with the second
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edition will indicate the extent of new
ground opened up during the last decade
in the field of radio, which has made this
third edition, as claimed by the publishers,
_ a completely new text-book. The con-
sciousness that radio is constantly dev-
eloping through new ideas and inventions
pervades the work, and impresses the
reader in every chapter; when the work
was first written fourteen years ago, and
even when reissued four years later, radio
had been synonymous with amplitude
modulation, but the present edition has
had to explain the fundamentals of fre-
quency modulation, facsimile broadcasting,
television and a host of other innovations, all
of them now well established in their own right.

A book of this range could not succeed
without a clearly formulated objective and
a determined pursuit of it at every stage.
The book is not for the radio technician ;
it asserts and goes on to prove in most
convincing detail that broadcasting is a
serious and highly specialized profession,
requiring in the student a background of
basic information about every aspect con-
nected with it. The profession itself cannot
be taught only by text-books and lectures,
but by actual experience before the micro-
phone. For a study of broadcasting in the
United States, these specifications have
been more than amply fulfilled in this
work. The author has disclaimed any
intention to editorialize or to evaluate
broadcasting as a social force; enough,
however, has been gathered into the compass
of the work to show that the responsibilities
cast on the user of the medium and the
problems of administration would remain
basically the same in all types of mass com-
munication which are democratic in approach.

The structure of broadcasting in the
United States, having been built entirely
by private enterprise, has not been des-
cribed with precision sufficient to carry
the distinction to readers familiar with
conditions in other parts of the world.
American law courts decided that trans-
mission of intelligence was commerce, and
authority for the establishment of the
Federal Radio Commission in 1927 was
derived from the Constitution which confers
on Congress the right to regulate commerce.
The Communications Act of 1934, which
established the Federal Communications
Commission, enunciated the principles that
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the air shall be public property, radio
industry should be privately owned and
operated and free speech on the air should
be preserved. The general and loosely
held belief that there is no censorship of
any kind over broadcasting in the U.S.A.
would bear examination even for students
in America. It deserves to be better known
that the right of a station to go on the
air is a privilege granted by license, contin-
gent on the proof that operation is in the
public interest, convenience and necessity ;
refusal of licenses for lack of satisfactory
assurances could, and does, operate as
censorship of a kind. The voluntary code
drawn up by the National Association of
Broadcasters and the effort to standardize
certain taboos, represent an endeavour
towards self-regulation which, in effect,
tend to the same results as in public service
broadcasting. Commercial enterprises uti-
lizing advertising media appeal to basic
human instincts like self-preservation, ambi-
tion, personal pride, search for pleasure,
etc.; but public good-will depends on the
merchant assuming the rdle of public
benefactor. Such residue of commercial
interest as may be left in the programme
output is disregarded (and sometimes
even eliminated with the aid of special
gadgets ), as experience has shown. ‘‘ Fair-
ness”’ in presenting opposing view points
is now made a condition for operating
radio stations; before the F.C.C. reversed
its earlier “ Mayflower "’ decision in June
1949, editorial views had been prohibited
altogether.

The selling effectiveness of commercial
radio cannot be tested unless the extent
to which sales would not have been made
otherwise could be isolated. An industrial
economy based on mass-production tech-
niques would depend for continued pros-
perity on the goods being absorbzd as fast
as they are produced; it should always
remain a question whether commercial
radio was the product of salesmanship
following mass production or itself made
possible such rapid industrialization. There
were 2075 AM, 744 FM and 92 TV stations
on the air in 1949. 429 million dollars were
realized from sales of time. The purchasing
power of the entire audience has been
estimated at 8,000 million dollars. Figures for
1949, compiled by O. H. Caldwell, estimated
the number of radio sets in use at 81 millions,
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compared to 74 millions in 1948. In 1947,
35,000 full-time employees drawing an aggre-
gate of 2} million dollars a week were working
in radio stations, and it is believed that
at present nearly a million would be em-
ployed in TV stations alone.

The universal availability of broadcast
material too makes it an article of mass
production ; when the material is employed
to sell goods and to run down competition,
mass advertising techniques have had to
be evolved. Market and consumer research
has been organized to a great degree of
elaboration as the sole link now left between
the individual buyer and the manufacturer.
The book under review has not dwelt on
this aspect of commercial radio, and the
methods of studying potential and listening
audiences and the effectiveness of time
sales for the advertiser; the publications
listed for reference wunder the chapter
“Radio and T.V. Advertising” include
reports on opinion research, but an exami-
nation of some of the methods devised
by the Schwerin Research Corporation,
C. E. Hooper Inc., NRI, Pulse Inc., the
National Opinion Research Centre, The
Broadcast Measurement Bureau, etc., for
quantitative and qualitative analysis of
the audiences shared by various networks
and the rating of programmes would have
given completeness to the picture of a
highly developed system of broadcasting.

As a description of broadcasting in
U.S.A., the reader would also have ap-
preciated some statistical data about the
principal networks and their affiliates, as
on the date of publication. In 1948,
36 per cent of the stations were affiliated
with newspaper interests, and this link
American broadcasting has had with the
Press would also have deserved atten-
tion in a handbook so comprehensively
planned.

As a work presenting the specialized
aspects of radio as a profession, the hand-
book has rendered invaluable service to the
student as well as to the listening public.
Radio speakers the world over would profit
by the lessons on speech so effectively
presented. It is time the platform speaker
learnt that there is no place for orations
in the living room of a home, and the micro-
phone exposes insincerity and platitude.
It should be a humiliating thought that a
decision not to listen is an absolute vote

cast in private. The Lazarsfeld Report
on Opinion Research observed that radio
cannot be complacent, for the radio of
tomorrow will be the radio of today’s
criticc.  The handbook affords indication
of directions in which broadcasting practice
is apt to rest content with imperfections,
e.g. in acoustics, recordings, announcing,
etc. The valuable exposition of programme
building, the problems created by domestic
audiences of all wealth brackets at various
hours of the day in rural and.urban areas,
and the avoiding of excessive or selective
appeal, in a mass approach to every indivi-
dual listener as an entity — would repay
careful study. The chapter on law as it
affects broadcasting, though mainly confined
to libel and copyright, suggests interesting
side issues like the conflict of laws, when
a publication or performance which is
broadcast can be heard in several States.
The estimate of radio as a vocation will
remain valid for all parts of the world;
radio cannot be looking for persons who
make excuses, and the candidate is advised
to subordinate all other interests to the
job, at least until he has outlived his period
of usefulness to radio.

The high standards associated with all
works issued by the publishers have been
maintained in the handbook ; this edition
has incorporated carefully selected photo-
graphs which would enhance the interest
of the general reader.

G. T. SASTRI

LEITFAEHIGKEIT UND LEITUNGSMECHANIS-
MUS FESTER STOFFE ( CONDUCTIVITY
AND CONDUCTION MECHANISM IN THE
SoLip STATE), by E. Justi ( Verlag
Vandenhoek & Ruprecht, Goettingen ),
1948, pp. xii + 348.

The conduction of electricity in solid subs-
tances forms the basis of the whole of electro-
technology. The process of conductivity
has been interpreted only recently even
though its applications have been in existence
for a long time. Theoretical interpretations
have been possible because of the’ study
of the atom structure.

The book is a lucid record of the lectures
delivered by the author, based on his ex-
perimental investigations which are in accord
with contributions made by other scientists.
The themes are developed chronologically
and illustrated by experiments and diagrams
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and concluded off with the mathematical
treatment of the problems.

The first part of the book explains the
nature of electrical conduction with the
help of numerous experiments and sub-
sequent evaluation of the wvalidity and
limits of Ohm’s law, the variation of metallic
ions, thermionic oscillation, changing pres-
sure, temperature and magnetic field. In
parts two and three are described the rela-
tion between the electric conductivity and
other physical properties of metals and
then are discussed the thermo-electric effects
and applications of thermo-elements. In
the fourth part, the phenomena of con-
ductivity are treated in the light of the
electronic theories. In the fifth and sixth
parts are treated the fundamentals of
electric current transmission, the mechanism
involved by the passage of the current
through crystal rectifiers and semi-con-
ductors. Part seven deals with the pheno-
menon of supraconductivity, the course of
the electric resistance of pure metals and
alloys near the absolute zero point. This
part includes a description of experiments
with continuous current and of an apparatus
for continuous current constructed by the
author. Up to now the phenomenon of
supraconductivity could not be explained
satisfactorily ; perhaps the electronic theory
of Heisenberg may bring a new understand-
ing of this problem. However, it is remark-
able that while the theory is still undevel-
oped, it has found an application in the cons-
truction of a bolometer, an apparatus which
excels in highly sensitive radar equipment.

The last part deals with the photo-con-
ductivity and the theories involved in it.
It also deals with the conductivity of ions in
solids and the problem connected with direct
conversion of thermionic into electric energy.

To each part is added an index comprising
the literature up to date. As is mentioned
in the preface by M. V. Laiie, the book will
find many admirers.

J. GipEON

MATERIALS OF CONSTRUCTION FOR CHEMICAL
ProceEss INDUSTRIES, by James A. Lee
( McGraw-Hill Book Co. Inc., New York ),
First Edition, 1950, pp. vii + 468. Price
$6.50

The book has been written in a distinctive

style. . The processes of manufacture have

been taken in alphabetical order. They have
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been described briefly and, in most cases,
flow sheets have been given. Materials
of construction necessary for each item
of equipment — pipings, pumps, etc.— have
been mentioned, but no details have been
provided except in the case of processes
for the manufacture of acetic acid, chlorine,
sulphuric acid, phosphoric acid, and a few
others. Methods of fabricating equipment
with different materials of construction
have not been dealt with. The process
of fabrication is important as many plant
manufacturers have difficulty in handling
stainless steels and monel in this country.
Many processes described in the book have
not been put into industrial operation in
India, and the special materials mentioned
will have to be imported from abroad.
The book can be recommended to all
chemical engineers, industrial chemists and
plant and equipment manufacturers con-
cerned with rational utilization of materials
of construction.
H. L. Roy
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Vacuum Fusion Furnace

RELIABLE VACUUM FURNACES ARE
essential in the study of gases
present in metals. A new vacuum
furnace developed at the Bell
Telephone Laboratories is specially
suitable for the study of small
samples of metals of the order of
1 gm. (Bell. Labs. Record, 1951,
29, 18). Accurate results have
been obtained for continuous runs
for periods as long as 6 hr. at tem-
peratures varying from 2,400° to
2,650°C.

A clear quartz tube, 2” outside
dia. and 6-5” long, is suspended
from two glass hooks by means of
platinum wires inside a 3” Pyrex
glass envelope. Inside the tube
is a graphite crucible supported in
the vertical position by graphite
powder loosely packed to aid in
retaining the heat generated in
the crucible and to permit the free
flow of gases to be pumped out.
An opening at the bottom of the
3” Pyrex glass envolope provides
access for inserting and removing
the quartz tube and is fitted with
a glass plug. A glass disc attach-
ed to the plug acts as a heat shield
and provides additional protection
in case of spattering molten metal.
Samples of the metal to be studied
can be admitted to the crucible
without interfering with the
vacuum. A branch tube leading
off at right angles to the vertical
tube connects with a group of
closed tubes, in which as many as
10-12 samples may be stored.
With the aid of a magnet, ferrous
samples can be moved from the
storage tubes to the crucible.
Non-ferrous samples are placed in
cups of magnetic material ; they
can be made to discharge their
load into the crucible by manipu-
lating the magnet.

This design of the all-glass
furnace eliminates massive metal
details, quartz to metal or quartz
to glass joints, rubber or lead
gaskets, the use of cements for
attaching dissimilar materials and
also provision for radiation yields,
ceramic supports and water
cooling. Besides it is simple yet
easy to construct, assemble, dis-
mantle and clean.

To operate the furnace, the
crucible is first ‘‘ out-gased "’ by

applying high frequency power
and heating the empty crucible to
2,400°C. for 2 hr. Removal of
gases is accomplished with a
two-stage mercury diffusion pump
coupled to a high-speed mecha-
nical pump.

Identification of Rubbers

THE APPLICATION OF X-RAY
diffraction methods to the identi-
fication and study of natural and
synthetic rubber stocks is dis-
cussed in a recent paper ( ASTM
Bull., 1951, No. 171, 71).

The investigations include the
following applications: (1) Film
techniques for the identification
of solid compounding ingredients
for subsequent use in qualitative
analysis of rubber stock patterns ;
(2) film techniques for qualitative
identification of representative
rubber types ; (3) film techniques
for the quantitative estimation
of crude and reclaimed rubber
mixtures ; and (4) Geiger counter
spectrometer techniques for the
qualitative identification of re-
presentative rubber types.

The powder method of X-ray
diffraction analysis was used in
these studies. The pattern of the
rubber stocks, prepared for the
determination of the compound-
ing ingredients, were obtained by
centring a small strip of rubber
in the camera. The sample is
rotated continuously during the
exposure to assure randomization
of reflecting planes and conse-
quently smooth diffraction rings.
A visual comparison of the rubber
stocks and compound ingredient
patterns was made to determine
which of the compounding ingre-
dients could be detected in the
rubber stocks. A comparison of
six commercial compounding in-
gredients, namely Palletex (SRF),
Micronex, P-33 (FT), Philblack A,
Statex B and Thermax, indicated
that they are all nearly similar,
being low-crystallinity carbon.

To determine the optimum con-
ditions for clear identification,
diffraction patterns for represen-
tative rubber stocks under various
combinations of stretching and
low temperature ageing were
investigated. At room tempera-
ture, Hevea, GR-M and GR-I

produce fibre patterns on stretch-
ing, and the patterns can be
readily differentiated from one
another. Ageing and freezing of
Hevea stock produces a pattern
containing sharp diffraction rings
similar to the type produced by
randomly oriented crystalline
materials. In the case of Thiokol
FA, a fibre pattern is obtained by
either ageing, stretching, and
freezing or stretching at room
temperature and freezing. While
the fibre patterns obtained for
Thiokol FA and GR-M are similar,
they may be differentiated by
considering the conditions neces-
sary to produce them. GR-S and
nitrile rubbers did not yield
characteristic patterns under any
of the conditions of treatment.
The results obtained on the
X-ray spectrometer indicate that
the six stocks considered in this
test can be made to yield distinc-
tive patterns when examined in
the stretched condition. This is
accomplished through considera-
tion of the location, intensity,
breadth, and shape of the charac-
teristic reflections of the different
stocks. Traces run on the six
cold-resistant stocks showed the
characteristic rubber reflections
similar to the standard types.
Results on the semi-quantitative
estimation of constituents in
mixtures of crude and reclaimed
rubbers indicate possibilities of
extending X-ray diffraction appli-
cations to mixtures of other
representative rubber types.
Further, problems which could
be investigated by X-ray diffrac-
tion methods include : (1) quanti-
tative determination of mixtures
of the several rubber types with a
view to setting up working curves
to be utilized in the analysis of
unknown mixtures ; (2) establish-
ment of combined X-ray diffrac-
tion and optical emission spectro-
scopy techniques for the quantita-
tive analysis of compoundingingre-
dients, and (3) determination of
crystallinity induced as a function
of elongation and relaxation under
various conditions for representa-
tive rubber stocks and mixtures.

Radioactive Indicators for
Blast-furnace Refractory Wear

A METHOD IS DESCRIBED TO
detect brick wear in blast-furnace
refractories using radioactive iso-
topes emitting strongly penetrat-
ing y-radiations.

The wear is determined in two
ways: (1) a pellet of radioactive
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material is inserted in the refrac-
tory sufficiently near to the shell
for the radioactivity to be detected
outside the furnace, the cessation
of this activity would indicate
that the refractory has been worn
away. (2) If the position of the
refractory is too far from the shell
of the blast-furnace to make detec-
tion through the wall practicable,
conditions can be arranged so that,
when the refractory wears away,
the exposed pellet dissolves in the
iron and can be detected when the
iron istapped. Both methodsare
now being used in England.
Seventeen pellets have been
installed in four furnaces; posi-
tions chosen include behind the
stack armouring, in the stack 15’
below the stockline, in the stack at
linted level, in the brickwork
between slag and metal notch, and
in the tap-hole roof.

A y-source is considered most
suitable and ‘‘cobalt 60°’ has been
chosen. With a half-life of 5:3
years, it emits y-rays of 1-1 and 1-3
million electron volts (m.e.v.)
and has a high excitation cross-
section. Besides, it has a high
melting point and alloys easily
with iron. Portable or mains-
operated counters are available to
detect the radiations emitted.

Calculations show that an acti-
vity of 10 m.c. can be detected
through 2’ of firebrick or carbon,
6" of ramming and 3" of mild
steel plate shell. For every extra
6” of brick, the source should be
trebled so that 90 m.c. would be
necessary if 3’ of firebrick or
carbon is used.

Certain problems arise in choos-
ing suitable containers for cobalt
pellets to make them stay in posi-
tion. Ideally, they should be
impervious to gas penetration and
cobalt vapour, and yet should
disintegrate quickly when in con-
tact with molten slag or metal.
Experiments using cobalt in un-
sealed alumina crucibles in a car-
bon brick indicate that cobalt
pellets may remain in sufficient
quantity for adequate detection
for a number of years ( provided
the brickwork remains intact),
when placed in unsealed alumina
crucibles in the hotter regions of
blast-furnace brickwork.

A Sheet-galvanizing Unit

A SMALL GALVANIZING UNIT, HOLD-
ing about 6 cwt. of zinc, has been
constructed at the British Iron &
Steel Research Association Obser-
vatories to. study the various
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aspects of the hot-dip galvanizing
of sheets. The construction of
the unit has been described ( J.
Iron & Steel Inst., 1951, 167, 46 ).

The pot and the parts of the
unit including the side gears are
made from dead soft steel to
minimize alloying action. The
pot is welded from $” thick steel.
Ordinary low-carbon steel sheets
are used for the flux box as they
are cheap and easy to replace. Six
sheet speeds, viz. 6, 9, 15, 18,
27 and 40 ft./min., are obtained
using a three-speed gear-box and
sprocket driven by a 3 h.p. motor.
Lower speeds give better coating
distribution.

For heating the pot, gas burners
with flames impinging obliquely
on heat-resisting steel sheets, hung
at the sides and front between the
gas flames and the pot, are used.
This avoids local overheating of
the pot.

Sheets galvanized in this plant
have been examined for coating,
distribution, structure, and adhe-
sion. The standard size of sheet
used is 30”x73”. Bent strips up
to 20’ long and the same width
have also been successfully
treated.

Gas Turbines

THE PAPERS PRESENTED AT THE
symposium on High-temperature
Steels and Alloysfor Gas Turbines,
organized by the British Iron &
Steel Institute ( Feb. 21-22,1951),
are of interest to India especially
in view of the importance attached
to the development of gas turbine
units in this country. The pro-
gress of metallurgical research
during the last decade was survey-
ed during the symposium, and
some of the papers disclosed
hitherto unpublished results.

The development of alloys
capable of withstanding high tem-
peratures has rendered possible
the use of high operating tempera-
tures and thereby increased the
overall efficiency of turbines. Data
on high temperature properties of
Nimonic-80, G-18-B, R-20, H-40,
H-46 and many other steels and
alloys of importance to gas tur-
bines, were presented. It may
be of interest to note here that
G-18-Bmadeby W. Jessop & Sons
is the material used in Derwent
machines one of which is to be
installed at the Indian Institute of
Science, Bangalore. A new alloy,
Jessop G-32 which is a cobalt-base
alloy, is fully ageing in the tem-
perature range of 750°-800°C.

Certain chromium-base alloys pos-
sessing excellent properties in the
range of 900°-1,000°C. have been
developed, but their ductility at
room temperature is low and
further research is called for to
obtain a material with improved
properties.

The problems of high tempera-
ture oxidation and formation of
scale on turbine blades were
discussed in detail.

The use of ceramics for turbine
blading was considered, and the
necessity for research to improve
the ductility and resistance to
thermal shock was emphasized.

Other notable developments to
which attention was drawn during
the symposium were: The lost
wax process for precision casting
of nozzle guide vanes ; application
of centrifugal casting and centri-
spun die-casting methods to gas
turbine work ; fabrication methods
for heat-resisting and creep-resist-
ing steels and alloys.

One of the papers presented at
the symposium dealt with Sweat
Cooling for cooling turbine parts.
The cooling fluid is forced through
the pores of the component parts.

Sir Frank Whittle delivered a
stimulating lecture on Turbine
Problems in the Development of
the Whittle Engine. Sir Frank
reviewed the work on jet propul-
sion and the Whittle Engine to the
development of which he hasmade
notable contributions.

M. L. GHAr

Indian Coal for
Synthetic Petrol

THE RESULTS OF INVESTIGATIONS
on the location and reserves of
second and third grade coals
suitable for the manufacture of
synthetic petroleum undertaken
by the Geological Survey of India
in 1949 have been published in the
form of a report ( Bull. Geol. Surv.
India, Series A, No. 1, 1950 ). The
objective was to locate coal of a
particular grade, which could be
cheaply and rapidly mined by
open cast methods in sufficient
quantity to produce 1 million tons
of oil annually for at least 30 years,
A further requirement was a
supply of water at the localities
selected for the establishment of
synthetic oil plants ; the quantity
of water required is about 20 times
the coal mined. Adequate trans-
port facilities for coal by road, rail
or river have to be assured. Four
areas were selected for detailed
exploration.



It is estimated that for manu-
facturing one million tons of
synthetic oil, an annual supply of
about seven million tons of both
coking and non-coking varieties
of the second and third grades of
coal (with ash content varying
from 17 to 25 per cent) which
could be economically mined by
open quarrying methods, would be
required over a period of at least
30 years.

Two sites were provisionally
selected — one near Ondal in the
Raniganj coalfield and the other
near Ramgarh which is centrally
situated in respect to the Bokaro,
Ramgarh and Karanpura coal-
fields. In the Toposi-Jambad-
Kajora and Dudal areas in the
East Raniganj coalfield, several
coal seams suitable for quarrying
have been selected. These seams
have a maximum thickness of 40’,
have low angles of dip and the ash
content of the coal varies from 12
to 20 per cent. The reserves of
coal up to overburden thrice the
thickness of the seams are over
200 million tons. In the eastern
portion of the Bokaro coalfield,
seams up to a thickness of 100’
have been observed while in the
western part, the thickness seldom
exceeds 35’. The dip varies from
5° to 20°. The coals are of both
coking and non-coking varieties
and the ash percentage is between
15 and 30. The reserves are
estimated at over 200 million tons.
In the Ramgarh coalfields some of
the coal seams are over 50’ thick
and the angle of dip varies from
5° to 15°. The coals are of the
non-coking type and vary in
quality ; the reserves are of the
order of 55 million tons. In the
Karanpura coalfield, the seams are
up to 50 thick, the angle of dip
varies from 10° to 25° and the ash
content is between 11 and 33 per
cent. The reserves total about
100 million tons.

The problem of transporting
large quantities of coal can
solved by taking out railway
sidings from the railway lines
passing through or near the coal-
fields. In the Ondal area, the
proposed aerial ropeways for
supplying sand for stowing could
be used on the return journey for
transporting coal. A sufficient
supply of water will be available
in the East Raniganj coalfield
throughout the year from the
Damodar river when dams have
been constructed. The water
supply position in the Bokaro,
Ramgarhand Karanpura coalfields
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has to be assessed from a survey
of the catchment area.

From the information collected
and presented in the report, the
establishment of a synthetic oil
plant in the Ondal area appears to
be a practical proposition. In the
Bokaro, Ramgarh and Karanpura
coalfields, the possibilities of erect-
ing either one central plant at a
site suitable from the point of
view of raw materials and water
supply or several smaller plants
in different coalfields, can be
stated only after assessing the
water resources of these areas.

Coal-tar Creosote as
Wood Preservative

THE ANNUAL PRODUCTION OF
creosote by continuous distillation
of tar in India now amounts to
about 3,500 tons. Scientific data
on Indian creosote necessary for
evaluating its usefulness as a wood
preservative are not available.
The Forest Research Institute
initiated, 8 years ago, researches
in Indian creosote, and the results
of laboratory and service tests
collected so far have been incor-
porated in an interim report ( Bull.
No. 144, Studies on Coal-tar
Creosote as a Wood Preservative,
Price Rs. 3-14). Data on physico-
chemical constants, accelerated
service tests, field trials, toxicity,
permanence ( physical and chemi-
cal stability) and penetrating
powers of various grades ( low and
high boiling oils with and without
tar acids) of creosotes and creo-
sote-fuel oil mixtures have been
included. Sal ( Shorea robusta)
saplings were used for the accele-
rated service tests and sal sleepers,
for field trials. Sal sapwood
blocks were used for toxicity tests,
Polystictus sanguineus being the
test fungus.

The sleepers were treated by the
Full Cell and Open Tank processes.
A few sleepers were also treated by
the Lawry process ; for the treat-
ment of billets, the Rueping pro-
cess was also employed. The
average absorption of the preser-
vatives by the different groups of
sleepers varied from 1:21b./cu. ft.
to 9-7 lb./cu. ft. The highest
absorptions were noticed in half-
round sleepers which also had the
highest sapwood content, followed
by sapwood rectangular sleepers ;
the heartwood had the best
absorption. In billets, the ave-
rage absorption obtained was
21-8 Ib./cu. ft. and the average
minimum, 3-1 1b./cu. ft.

Toxicity tests showed that (a)
heavier creosotes and heavier
creosote fractions are more toxic
and permanent; (b) it is not
necessary to set limits to the
presence of tar acid in creosote
specifications. A determination
of the surface tensions of creosotes,
distillation fractions and mix-
tures, and investigation into the
swelling of semul ( Bombax mala-
baricum) blocks (2”"x1"x1”)
impregnated with creosotes show-
ed that the presence of tar acids
in creosote does not facilitate
penetration. The heavier creo-
sotes are more permanent. Oxi-
dation tests indicated that besides
tar acids, other unsaturated com-
pounds influence the benzol in-
soluble contents of creosotes.

Accelerated service tests show
that heavier creosotes and creosote
fractions give good results; in
most cases 75:25 and 50: 50,
creosote : fuel oil mixtures give
the best results. This confirms
the soundness of the practice of
using creosote-fuel oil mixtures in
this country. The practice of
using 50 : 50 mixtures is a sound
one as there can then be sufficient
latitude in the specification.

Treated sleepers installed in
both wet and dry localities are in
satisfactory condition at the end
of 9 years; the rejection is 1 per
cent in the wet localities and 6
per cent in the dry localities.
Half-round sleepers have shown
no rejections.

Cotton Colorimeter

A NEW AUTOMATIC COTTON COLORI-
meter for use in cotton quality
specification has been developed
in the laboratories of the U.S.
Department of Agriculture ( Text.
Res. J., 1951, 21, 33). The ins-
trument is intended to serve as an
aid in cotton classification. '
The colorimeter is based on the
application of the Hunter colour
and colour-difference meter to
problems of raw cotton measure-
ment. It is self-standardizing ; it
permits direct reading on a two-
dimensional scale, measures auto-
matically and shows values gra-
phically and simultaneously for
reflectance and yellowness in a
range of 40-90 per cent Rd and
0 to 20 units of +b ( Rd and b are
Hunter’s co-ordinates ). The cot-
ton grade diagram used on the
instrument is based on measure-
ments of standards passed at the
1946 International Grade Stan-
dards Conference and in effect
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since August 1947. The grade of
cotton is determined by the colour
of the fibre, amount and kind of
foreign matter, and roughness or
smoothness of ginning prepara-
tion. Colour measurements of
cotton samples are made on the
basis of the composite appearance
of the sample. For cotton already
carefully selected for use in the
standards, measurements of either
the colour or the amount of
foreign matter in a sample permit
an accurate prediction of its grade.

The new instrument has been
used in the grades standard work
for a series of cottons carefully
selected to represent a normal
combination of colour, leaf and
preparation for the grade each
represents. The specimen to be
examined is placed over the
sample window and the operator
steps on a foot switch. Two
indicators under the chart diagram
move to a position of balance
automatically, one in a vertical
direction to indicate the change in
reflectance of the sample, Rd, the
other in a horizontal direction to
indicate a change in degree of
yellowness of the cotton, +-b.
Since a chart of the colour of the
grade standards appears on the
glass panel, the operator can check
a test sample against a particular
position within each grade and
then pass or reject it on the basis
of a comparison of results with the
position of the standard indicated
on the instrument chart.

It is emphasized that the ins-
trument is only an aid to the
classer ; it cannot replace him.
It sees the average colour of
whatever appears on the face of
the sample placed on its sample
window. If the conditions under
which a sample is tested are not
the same each time, the measure-
ments should not be compared.
The colour range of the instru-
ment described is selected for
cotton only ; however, the under-
lying principles are completely
adaptable to use for other limited
ranges of colour in either two or
three dimensions.

Activation of Bauxite

A DETAILED STUDY OF DEHYDRA-

tion and activation of bauxites is

(liesc)ribed (Chem. Age, 1951, 64,
75).

Elimination of water in Ameri-
can bauxites ( mainly gibbsite and
hydragillite varieties or the trihy-
drate ) is effected in three stages :
the firstat200°-250°, the second at
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250°-300°, and the third at 450°-
480°C. X-ray examination of dias-
pore () and boehmite (y) varieties
indicated that as a result of water
elimination, diaspore yields exclu-
sively a-AlO; and boehmite y-
Al,0;. Decomposition of boeh-
mite starts at 450° and is complete
at 600° ; further transformation of
y—a of the oxide beginsat 900° and
finishesat 1,150°. The presence of
impurities or inclusions in the
alumina lattice structure involves
appreciable differences in the
effects of thermal treatment.

Samples of clear bauxite from
Cussano Murti and red bauxite
from Dragoni ( Italy ) were ana-
lysed. Both were of the boehmite
variety and differed mainly in
their iron oxide content which,
chiefly as hematite, was present in
large amount in the red Dragoni
type. Dehydration was found to
take place at about 480°C. The
resulting oxide was yvariety which
only at a temperature above
900°C. changed into the « form.
Dehydration was accompanied by
vigorous and substantial swelling
with consequent high porosity,
increase in specific area and adsor-
bent power.

Iron-constantan
Thermocouples

THE TEMPERATURE-EMF TABLES
for thermocouples issued by the
Bureau of Standards, U.S.A., from
time to time, have been used ex-
tensively in science and industry,
not only to convert thermocouple
voltages into the equivalent mea-
sured temperatures, but alsoin the
preparation of purchase specifica-
tions for thermocouple wire and in
defining the relation between im-
pressed emf and scale reading for
pyrometers. In practice, the cali-
bration of an individual thermo-
couple is ordinarily given in terms
of deviations from such a reference
table. These reference tables do
not present an accurate data of
commercially available thermo-
couples. A new reference table to
achieve greater uniformity and
accuracy has been proposed
(N.B.S. Tech. News Bull., 1950,
34,174).

The Bureau examined eight
different lots of matched iron and
constantan wires. The thermal
emf’s of the various wires versus
platinum were measured from 32°
to 1,800°F. and the corresponding
thermal emf’s for the iron-cons-
tantan thermocouples were com-
puted. Besides, chemical and

spectrographic analyses of the iron
samples and hardness determina-
tions were made. The spread in
the thermal emf’s of the iron-
constantan thermocouples below
1,400°F. was not large compared
to usual commercial tolerances
even though the iron samples
differed among themselves by as
much as 0-8 millivolt at 1,400°F.
( equivalent to 20°F. in the indi-
cation of an iron-constantan ther-
mocouple) and the constantan
samples differed similarly., The
new table is proposed to be based
upon the temperature-emf relation
of thermocouple A-1 as this ther-
mocouple deviates least from the
1913 table in the range of normal
use ( 32° to 1,500°F. ).

Before adopting the table, the
Bureau invites comments from the
interested parties with special
reference to the following: The
desirability of industry-wide stan-
dardization on a single reference
table for iron-constantan ; accep-
tance of the 1913 table or a close
approximation to it, for this
purpose and the inconvenience
resulting from the abandonment
of the RP 1080 table. The com-
ments may be addressed to the
National Bureau of Standards,
Temperature Measurement Sec-
tion, Washington 25, D.C.

Permeability of Leather

THE ABILITY TO TRANSMIT WATER
vapour is one of the important and
desirable properties of leather in
shoe manufacture. A new method
used at the U.S. National Bureau
of Standavds (Tech. News Bull.,
1950, 34, 163) to determine the
amount of water vapour that will
pass through a leather samplein a
given time is described. The
method is a modification of the
approved procedure of the Ameri-
can Leather Chemists’ Associa-
tion.

A water vapour permeability
cell consisting of a circular alumi-
nium cup with a flange is used.
The cup is filled with the desiccant
(CaCl,) and the leather sample
made to fit tightly into a raised
rim on the edge of the cup. A
circular copper template is then
fitted directly over the cup.
Molten microcrystalline wax is
poured around the groove formed
by the template and the flange and
the copper template are removed
when the wax has hardened. The
complete cell is hung in a cabinet
maintained at the desired relative
humidity and temperature. By a



special mechanism, the cell is
weighed at definite intervals
without removal from the cabinet.
The slope of the resulting curve,
indicating the increase in weight
of the cell with time, gives the
water vapour permeability of the
sample in gm. per sec. sq. cm. of
the exposed area.

The test takes only 6 hr. as
against 4 to 5 days required in the
A.L.C. procedure and gives more
accurate results. Observations in-
dicated that the water vapour
permeability of leather depends
upon a number of factors including
thickness of sample, grease con-
tent and the relative humidity and
temperature of the atmosphere.
It is greatly reduced by the pre-
sence of natural glyceride greases.
There is no correlation between
water vapour permeability and air
permeability.

Studies with sulphonated oils,
rubber and acrylate resins treated
leathers showed that the materials
decrease water vapour permea-
bility in the following order of in-
creasing magnitude : sulphonated
oils, acrylate resins, rubber and
the glyceride greases. Flexing of
the specimen has no influence on
the water vapour permeability of
degreased leathers; for leather
containing grease, there is an
increase in water vapour permea-
bility on flexing.

‘¢ The Metal Market Review *’

THE THIRD ANNUAL NUMBER
(1951, price Rs. 5), in its 36
informative article, surveys the
developments in the Indian metal-
lurgical industry. In the context
of the shortage of metals caused
by stockpiling by the nations of
the world, India’s mineral
resources and their planned utili-
zation demand special attention.
‘“ The Metal Market Review "’ has
rendered valuable service by
drawing attention to the imme-
diate and long-range problems of
the ferrous and non-ferrous indus-
tries.

The Review is divided into six
sections, each dealing with a
primary topic, discussed under
appropriate sub-heads by specia-
lists. The number is copiously
illustrated and neatly got up.

‘‘ Directory of International
Scientific Organizations ’’

A DIRECTORY OF INTERNATIONAL
Scientific Organizations providing
essential information and intended
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for the use of specialists has been
published by UNESCO.

The Directory, which covers
240 pages, groups international
organizations under three chap-
ters — basic sciences, applied
sciences and miscellaneous. The
applied sciences are subdivided
to cover agricultural, engineering
and medical sciences. Under
‘‘ miscellaneous "’ are to be found
such bodies as the International
Union for the Scientific Study of
Population, the International Fe-
deration of Library Associations,
and the International Scientific
Film Association.

At the end of each chapter, and
under the heading “ Regional” are
listed organizations whose activi-
ties are limited to a particular
geographical area.

The following particulars are
given under separate headings:
aims of each organization and
information on its special activi-
ties ; governing bodies, officers and
members; member states or
national organizations and indi-
vidual members ; commissions set
up within certain organizations
with details of their work ; special
facilities of certain organizations
such as laboratories and museums;
financial resources; frequency of
meetings of the organizations or of
their governing bodies ; provisions
governing voting procedure ; list
of periodicals and documents
published ; relations with U.N.
Specialized Agencies and inter-
national bodies ; a brief history of
the organization — origin, meet-
ings held, work carried out, for-
mation of committees, etc.; in-
formation such as date and
place of forthcoming congresses,
programme of action, etc.

The Directory is published in
English and French and is priced
$1.00, 6s. or 300 francs.

Purchase of
Scientific Materials & Films

THE GOVERNMENT OF INDIA HAVE
agreed to allow import, without
a licence, of certain items of
scientific materials and scientific
films, ordered with the UNESCO
Scientific Material Coupons and
UNESCO Film Coupons. These
coupons are on sale from the Minis-
try of Education, Government of
India, New Delhi. The S.-E. Asia
Science Co-operation Office, New
Delhi, has also a supplementary
stock of the two types of cou-
pons. The coupons are usable like
the UNESCO Book Coupons and

orders are to be placed with
manufacturers and distributors
participating in the scheme.

¢ Vacuum ’

THE NEW QUARTERLY, ‘“VAcUUM”,
will be warmly welcomed by
scientists all over the world. It
is a journal with a purpose, and is
devoted to a field of research and
development whose importance
has increased during the recent
past, and is increasing at an
accelerated pace. It is the first
English periodical devoted to
developments in vacuum research
and engineering.

The first number which appear-
ed in January 1951, gives an idea
of the manner in which Vacuum
serves the research worker.
Authoritative articles by vacuum
specialists in all parts of the world
keep the reader in touch with the
latest vacuum procedures employ-
ed with success in various arts and
sciences. The comprehensive abs-
tracts of vacuum work compiled
from world publications by a
specialized abstracting organiza-
tion and the detailed classification
index facilitate early reference
and permanent recording. The
research worker, is thus assured
that the literature on the use of
vacuum, so important in science
and industry, now found scattered
in periodicals devoted to fields as
diverse as engineering and patho-
logy, is made available to him

in a classifitd and indexed
form.

The journal is published by
Messrs W. Edwards & Co.

(London ) Ltd., England, and the
annual subscription is £1 10s.

¢ Bombay Technologist ’’

THE ‘‘ BomBAY TECHNOLOGIST "’
(Vol. I, February 1951) is the
first issue of the official organ of
the Department of Chemical Tech-
nology, University of Bombay.
Started in 1934 as a small section,
the Department of Chemical Tech-
nology has now come to occupy a
unique position as a research
centre for advanced chemical
technology. The Department re-
ceives substantial financial support
from the Government, the indus-
try and various statutory bodies
including the Council of Scienti-
fic & Industrial Research.

The ‘‘ Bombay Technologist
will, among other things, feature
the annual reports of the Techno-
logical Association, summaries of
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lectures delivered under its aus-
pices and of papers read in the
research colloquium, and abstracts
of M.Sc. Tech. and Ph.D. theses.
‘We congratulate the Technological
Association on undertaking the
publication of the ‘*“ Bombay Tech-
nologist ”’, and wish the Associa-
tion every success in itsendeavour.

Announcements

International Conference on Atomic
Energy — A conference represent-
ed by about 20 countries including
Australia, Canada, France and the
U.S.A. will be held at Oxford from
July 16 to 21, 1951 to discuss ap-
plications of radioactive isotopes
in industry, medicine and agricul-
ture, and for the exchange of
information on the beneficial uses
of atomic energy.

The Royal Institute of Chemistry :
Bangalore Section — At the Second
Annual Meeting of the Bangalore
Section of the Royal Institute of
Chemistry, held on 5th April 1951,
the following office-bearers were
elected : Chairman, Prof. K. V.
Giri ; Vice-Chairmen, Mr. H. Shiva
Rao and Dr. C. V. Natarajan;
Hon. Treasurer, Mr. I. S. Patel ;
Hon. Secretary, Dr. T. L. Rama
Char.

UNESCO Coupons — The validity
of all UNESCO Coupons ( for
books, films and scientific
material ) has been extended for
an indefinite period. All coupons
at present in circulation, irrespec-
tive of their date of issue, will
remain valid until such time as
UNESCO recalls them by public
announcement, allowing a 6-
month interval for the return of
the coupons.

UNESCO has now issued a new
comprehensive coupon, which can
be used for the purchase of publi-
cations, films, and scientific ma-
terial, and which will replace the
old ““ book ”, “ film ”” and ‘‘scien-
tific material "’ coupons. The same
validity terms are applicable to all
coupons at present in circulation,
irrespective of their date of issue.

Prize for Mohwa Seed Decortica-
tor — The Indian Central Oilseeds
Committee has announced a prize
of Rs. 2,000 for the design of
a hand-driven decorticator for
mohwa seed suitable for use in
villages. The capital cost of
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the machine should not exceed
Rs. 100. Competitors will be
required to demonstrate the work-
ing of the machine. Full parti-
culars may be had of the Secre-
tary, Indian Central Oilseeds
Committee, Jamnagar House, New
Delhi.

WHO  Awards — The Darling
Foundation Committee of the
World Health Organization have
awarded the Darling Foundation
Prize jointly to Prof. H. T. Shortt
and Dr. P. C. C. Garnham of
London for their work on the life-
cycle of the malaria parasite in
man and the monkey.

Prof. René Sand of Brussels has
been nominated for the L’eon
Bernard Foundation Prize as a
pioneer medical philosopher, his-
torian and teacher. Prof. Sand
has devoted his life to promoting
the philosophy and practice of
human ecology and is the author
of authoritative publications on
the subject.

Canadian Scholarships—The Gov-
ernment of Canada have offered
25 scholarships and fellowships
to Indian students under the
technical co-operation scheme of
the Colombo Plan for training and
research in agriculture, civil, elec-
trical, mechanical and chemical
engineering, geology, forestry,
hydro-development, social secu-
rity and welfare, and education.
The selection of candidates will
be made by the Ministry of
Finance, Department of Econo-
mics Affairs, Government of India.

Exhibition Scholarship — The 1951
science research scholarship of the
value of £350 per annum announc-
ed by the Royal Commissioners for
the London Exhibition of 1951,
has been awarded to Shri Kamla
Kant Pandey, Research Scholar
at the Indian Agricultural Re-
search Institute, New Delhi. The
scholarship which is tenable for
two years is awarded each year
to an Indian student for research
studies in science in the U.K.

Errata

This Journal, 1950, 9B, No. 2,
February 1950, article entitled
‘* Studies in the Chemotherapeutic
Derivatives of Acridine Series :
Part I — Some Derivatives of 2-

iodo-7-methyl-9-substituted Ami-
noacridine ", page 27, R.H. col-
umn, line 4, for 2-methoxy-5-iodo
read 2-methoxy-6-iodo ; page 29,
L.H. column, line 14, for 5-iodo-
N-p’-methylanthranilic acid read
5-iodo-N-p’-methyl phenylanthra-
nilic acid ; 1951, 10B, No. 4, April
1951, “ Part III — Synthesis of
Some Derivatives of 3-Methoxy-7-
iodo-9-aminoacridine ", page 85,
R.H. column, line 7, for y-diethyl-
amino, read 3-diethyl-amino ;line
21, for 3-diethyl-amino, read y-di-
ethylamino; line26, for (C{H;O,N,),
read (CgHaO,N;), ; line 28, for
di-n-propyl aminopropyl,read y-di-
n- propyl aminopropyl ; line 35, for
y-di-N-butyl-amino, read y-di-n-
butyl amino.

1951, 10B, No. 4, April 1951,
article entitled * Colorimetric De-
termination of Phosphorus in Coal
& Coke Ash ”’, page 87, interchange
the legends to Figs. 1 and 2.

1951, 10B, No. 4, April 1951,
note entitled “ South Indian
Tannage — Use of Myrobalan ",
page 99, R.H. column, line 22, for
40° Bé, read 40° Bk ; page 100,
L.H. column, Table I, for before
tanning, after tanning, read before
myrobing, after myrobing.

1951, 10B, No. 4, April 1951,
note entitled, “ Liquid Phase Pro-
duction of p-Cymene from Indian
Turpentine Oil of Pinus longifolia
(Roxb.) & A3-Carene”, page
100, Table I, column 5, * Volume
of reaction mixture M ”’, last line :
for 7°5, read 17-5.

1951, 10A, No. 4, April 1951,
article entitled ‘‘ Possibilities of
Iron & Steel Making in India
without Coking Coal ”’, page 161,
L.H. column, line 29, for were used
for direct steel production, read
were used as feeders for direct
steel production. R.H. column,
line 15, for A slag quantity of
1,690-1,800 1b., read A slag quan-
tity of 1,600-1,800 1b. Page 163,
Fig. 4, inside captions, top, for
slag volume per ton of lupps
about 2866 1b. ton of lupps, read
slag volume per ton of lupps about
2,866 1b., bottom, for slag volume
per ton of lupps about 4189 lb.
ton of lupps, read slag volume per
ton of lupps about 4,189 Ib. Page
164, L.H. column, line 3, for is
attractive, read are attractive.
Page 165, References : No. 15,
for Fechn. vead Techn.; No. 20,
for 63, read 163 ; No. 22, delete I11,
Np ; No. 23, for 114, read 21.



Progress Reports

RADIO RESEARCH COMMITTEE, COUNCIL OF

SCIENTIFIC & INDUSTRIAL RESEARCH
THe RADIO RESEARCH COMMITTEE WAS CONSTI-
tuted in 1942 by the Council of Scientific &
Industrial Research with the following objects :

(1) To discuss and formulate plans of research
as under: .

(a) Investigation of problems of immediate
practical importance for development of radio
industry in India on a sound basis.

(b) Synoptic studies of atmospheric phenomena
as affecting radio wave propagation, e.g.
atmospherics, ionosphere, etc.

(c) Investigations of a fundamental nature as
may have long-range application to radio
development.

(2) Maintain a list of institutions in India where
radio researches are being carried out and to keep
record of their activities and available facilities.

(3) Distribute the problems decided upon [ as
in (1) ] to such institutions as are capable of and
are willing to co-operate with the work of the
Committee and to generally see that there is no
unnecessary duplication of work.

(4) To arrange for testing and standardization
of radio products.

A brief account of its activities is given below :

1. Carbon Microphones : Prof. S. K. Mitra &
Dr. H. Rakshit — Investigations have been carried
out on the production of suitable carbon granules
from anthracite, Jharia coke and petroleum coke ;
the last was found to be the best. Granules selected
to pass 60-80 mesh were heated to a high tempera-
ture for 3 hr. in a vacuum furnace. The compressi-
bility, specific resistance and temperature coefficient
were studied. Microphones constructed from the
granules prepared in the laboratory were found to
be satisfactory, except that the background noise
was high.

2. Loudspeakers—energized type— Investigations
were carried out on the manufacture of cones from
locally available paper. Mild steel was found
satisfactory for electromagnetic cones, and the
loudspeakers constructed were found to possess an
average response of 5 db. over 40 to 5,000 cycles.
The performance of cones made from bamboo
paper pulp cast in a zinc former, dried and stiffened
with varnish coating was found to be satisfactory.

For the production of permanent magnet loud-
speakers, the main limiting factor was the avail-
ability of magnet steels.

3. Insulating Materials &  High Frequency
Dielectrics : Prof. S. K. Mitra & Dr. H. Rakshit —
Studies were made on the suitability of porcelain,
bakelite, shellac-moulded boards and paper, supplied
by the Council of Scientific & Industrial Research,
as high frequency dielectrics ( up to a frequency of
10 mc./s.). The results of these investigations have
been published in the Journal of Scientific &
Industrial Research.

4. Radio Valves : Prof. S. K. Mitra — Radio
valves of the type 80 have been made and tested.
Details have been described in the Journal of

Scientific & Industrial Research. Processes for
the production of triodes and pentodes are under
test. It is proposed to undertake repairs to trans-
mitting valves.

5. Capacitors & Resisters : Prof. K. Sreenivasan —
Paper Capacitors — Kraft paper, tin foils and
impregnating wax used in the experiments were
imported from abroad. A winding machine has
been designed and capacitors wound and impreg-
nated under vacuum with paraffin wax. The
capacitors were encased in paper tubes and ends
sealed with a compound made from kaolin, bees-
wax and resin.

6. Mica Capacitors : Prof. K. Sreenivasan —
The raw materials used in the manufacture of
capacitors were indigenous. Ruby muscovite mica
from Bihar has been found suitable. Copper foils
of thickness ranging from 0-001” to 0-002” were used
as electrodes. The capacitors were impregnated
with wax, pressed in a screw press while hot, and
kept in a vacuum chamber at 220°F. They were
allowed to cool and packed in a porcelain container
with a compound of the following composition :
hard pitch 30 ; resin 15 ; bees-wax 10 ; and kaolin
45 per cent.

The capacitors were satisfactory under some
conditions and were supplied in quantities to the
Air Force. The scheme was terminated in Feb-
ruary 1943. :

7. Carbon Resisters : Prof. K. Sreenivasan —
Composition resistances were manufactured with
the following ingredients: silica of 200 mesh ;
plumbago ; bleached shellac; urea. The mixture
was extruded through hard steel moulds using
ethyl alcohol as plasticizer. The moulded mixture
was heat treated in an oven at 250°C., cut to size,
ends sprayed with molten copper and copper leads
soldered to sprayed ends. The resistances had
good overload characteristics, but their shelf life
was not very satisfactory.

8. Vitreous Enamel Resisters : Prof. K. Sreeni-
vasan — The resisters were wound with fully
oxidized nichrome wire on porcelain formers which
were specially manufactured to stand repeated
thermal shocks. The enamel frit used to coat the
resistances had the following composition: red
lead 45 ; boric acid 26 ; flint 11 ; sodium carbonate
4 ; cryolite 6 ; tin oxide 2 ; manganese dioxide 0-5 ;
cobalt dioxide 1 ; ferric oxide 3; zinc oxide 1-5
per cent. The resisters were fired in a high tem-
perature furnace at 950°C. The resisters also had
good overload characteristics and were extensively
used during the war years by Armed Services,
specially the Air Force.

9. Volume Controls: Dy. G. R. Toshniwal —
Volume control elements were made by spraying
colloidal graphite on unglazed brown paper 7 mils.
thick. The paper was washed with a solution of
neutral soap and dried at 60°C. Aquadag was
sprayed upon the paper thus treated, and the
paper dipped in a weak solution of ammonium
sulphate for a few minutes and dried at 60°C.
Volume controls of values from (-5 to 2 megohms
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were made. They had excellent electrical stability
and mechanical resistance.

10. Lead Acid Battevies: My. V. V. L. Rao —
The manufacture of lead acid batteries was investi-
gated by Mr. H. Joga Rao of the Provincial Broad-
casting Services. Experimental cells were made
from a variety of designs and have given satis-
factory results.

11. Electrolytic Capacitors : My. V. V. L. Rao —
The work was started first with the object of sal-
vaging defective capacitors but it was found to be
uneconomic. Attempts were made to study the
possibilities of manufacture, but as high purity
foils were not available, high voltage capacitors
were not attempted. The process for anodization
of pure foils for low voltage capacitors was evolved
and details on the work published in the Journal of
Scientific & Industrial Research. .

12. Cheap Radio Sets : Dr. G. R. Toshniwal —
Three sample superheterodyne sets were construct-
ed, one for local reception, another to cover medium
wave band, and the third, a 3-band all-wave set.
The sensitivity was 40 to 80 milliwatts output.
The medium wave sets could be manufactured at
Rs. 55 each on the basis of pre-war prices. Com-
ponents like slow motion drive, tuning coils, i.f.
transformers, chokes, mica capacitors and volume
controls were designed and constructed locally.
Distortion factor meter and Q-meter were also
built to aid the design of the components and sets.

13. Cutting & Polishing of Quartz: Dr. D. M.
Bose — A method of cutting, polishing and clean-
ing quartz crystals for use in master oscillators of
radio transmitters has been developed. Oscillators
made with the crystals had good performance
characteristics.

14. Radio Industry — In 1948, the Ministry of
Industry and Supply set up a Committee for
considering the establishment of a radio factory in
India with the Chairman of the Radio Research
Committee as a member. An expert sub-com-
mittee, headed by the Chairman, Radio Research
Committee, examined the project reports from
reputed foreign manufacturers and recommended
a French firm, called C.S.F., for entering into tech-
nical arrangements. The recommendations are
under the consideration of the Ministries of Defence
and of Commerce and Industry.

Synoptic Studies

1. Tonospheric Investigations — The Radio Re-
search Committee has participated in the world
programme of ionospheric studies since 1943.
The data collected at Calcutta have been found
useful, and a regular 24-hour observation is being
maintained. The data collected every month, and
periodical summaries of results are being published
in the Journal of Scientific & Industrial Research.

An ionospheric research station has since been
established at Haringhata, 24 miles away from
Calcutta. The Australian Council of Scientific &
Industrial Research has supplied an automatic
recorder on permanent loan for installation at
Haringhata.

2. Studies on Atmospherics — A programme of
research on the direction of arrival of atmospherics
was prepared in 1944, in collaboration with the
Indian Meteorological Department, and five d.f.
sets were installed at Bangalore, Dacca, Wallair,
Poona and Delhi. It was soon found that for
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obtaining accurate data, the d.f. sets had to be
redesigned to operate at lower frequencies. As
such sets were readily available from abroad, it
was decided to import these. The Indian Meteoro-
logical Department has agreed to bear the cost
of the equipment.

3. Nature of Atmospherics : Dr. S. R. Khastgir—
Work on the nature of atmospherics was initiated
in July 1950, and apparatus and equipment required
is being constructed. Systematic investigations
are expected to be taken up shortly.

4. Radio Noise : Dy. M. B. Sarwate — A scheme
submitted in 1948 to measure the overall noise
value on the low frequency band, viz. 100-500
kc./s., is under consideration.

5. Short-wave Radio Signal Fading : Dr. S. S.
Banerjee — This work is being carried out at the
Banaras Hindu University. A pulse transmitting-
receiving system and an automatic pen recorder
have been constructed. It is proposed to take out
a patent for these. Observations of fading at
vertical and oblique incidence are being made.

6. Polarization of Down-coming Waves : Dr. S. R.
Khastgir — The polarization of radio waves reflect-
ed from the ionosphere is being started at the
Banaras Hindu University. Equipment consisting
of crossed loop aerials, ground wave suppression
system, high gain amplifiers and shielded aerial
tuning arrangement has been completed and
studies on polarization of medium waves have
been made.

Fundamental Research

1. Upper Atmosphere : Prof. M. N. Saha — A
wave theory for the study of propagation of electro-
magnetic waves, as opposed to the ray theory of
Appleton and others, has been developed. Ex-
pressions for steady current conductivity of the
ionosphere, electrical polarization, complex conduc-
tivity, medium refractive index of ordinary and
extraordinary rays and absorption of radio
waves have been derived.

The problem of ionospheric triple splitting has
been investigated. A physical theory of solar
corona and the origin and condition of escape of
microwaves from the sun has been developed. It
is suggested that the origin of sunspot noise can
be explained in terms of the transition of nuclear
moments in the intense magnetic field of the
sunspot. These results have been published in a
series of 10 papers.

2. Investigations on the Ionospheve : Prof. S. K.
Mitra — The results obtained during 1944-49
showed that the annual average mid-day intensity
variation responsible for the region E of the iono-
sphere increased by 150 per cent from 1945 (low
solar activity ) to 1947 ( high solar activity ) ; but
that responsible for region F, increased by 230
per cent in the same period. It was also found
that the rate of ion production of region E over
Calcutta increased from 30 per c.c. per sec. in 1945
to 50 c.c. per sec. in 1947. For region F, this
increased from 50 to 400 per c.c. per sec. During
the period 1945-47, the noon-time temperature
at E region heights increased from 300° to 400°.
At the levels of region F,;, however, the increase
was from 700° to 1,300°. An analysis of the value
of earth’s magnetic field was made and the presence

( Continued on page 268 )



INDIAN PATENTS

[ A few of the Patent Applications notified as accepted in the
Gazette of India, Part III, Section II, April 1951, are listed

below. ]

Inorganic Chemicals

42281. Recovery of iron and sulphate constituents
of spent iron pickling liquors : Recovering ivon
and sulphate from iron pickling liquor by reacting
with chemical compounds adapted to form metallic
sulphates other than fervous sulphate and irvon
oxides — VIJNAHA PARISHAT

42341. Production of calcium chromate : Producing
calcium chromate by utilizing reactions of
ammonia soda process, modified by the substi-
tution of sodium chromate for sodium chloride, in
conjunction with a sodium chromate production
process — Upy

43880. Manufacture of pigmentary titanium dioxide:
Feeding a mixture of titanium tetrachloride,
oxygen-containing gas and 001 to 10 per cent
of a volatile silicon compound into a combustion
zome and igniting the mixture — SAUREFABRIK
SCHWEIZERHALL

Fuels & Lubricants

42167. Process for manufacturing improved quality
coke : Disintegrated coal and separate concentrate
of various constituents of the coal agglomerate,
which are given suitable size distribution and
coked separately or in the form of a blend —
BURSTLEIN & SoclETE DEs AcIERIES DE
LoNGWY ( SOCIETE ANONYME )

Metals & Metal Products

43002. Production of precipitated copper metal :
Precipitating copper metal from a solution con-
taining copper by subjecting a saturated solution
at a temperature above 100°C. fo increased
pressure in an atmosphere of carbon monoxide —
CHEMICAL CONSTRUCTION CORP.

44545. Improvements in mining machines : Cutter
head pivotally mounted on machine frame so
as to be turnable sidewise and commected to the
frame through a double-acting pressure-fluid
cylinder and piston steering unit — MAVOR &
CouLsoN Ltp.

44275. Concentration or cleaning of minerals by
froth flotation : Comprising a cell having a
bottom composed of a porous medium consisting
of powdered metal or glass or other material
rendered coheremt by sintering — NATIONAL
CoAL BoARD

Rubber & Rubber Products

42233. Alumina-base fillers for rubber composi-
tions: Natural alumina monohydrate ground
to 1 micron size or obtained by heating hydrated
alumina in an autoclave in an aqueous me-
dium above 160°C. — CoMPAGNIE DE PropuITS

CHiMIQUES ET  ELECTROMETALLURGIQUES
Arals, FrRoGEs ET COMARGUE

Stone, Clay & Glass Products

42530. Baking or calcining soils in situ : Calcining
soil stabilized as slabs in situ by heating simul-
taneously internally with fuel cartvidges and on
the surface in a furnace — SAHNEV

42057. Improvements in building structure and
building elements : Building element consists
of two side plates and ome centre plate joined
to said side plates by two oblique web plates and
side plates being staggered by their own height
with respect to the centre plates, said side plates
and centre plate being parallel to one another —
L1VING-STONE ESTABLISHMENT

43841. Bricks and other building blocks: Having
longitudinally extending tongue and groove on
its bearing faces — BEANLAND

43969. Method for making corrugated slabs:
Having greater thickness at the tops and bottoms
by sprinkling additional material on an wunset
slab — ETERNIT

Miscellaneous

43424. Preliminary treatment of tea leaf : Tea leaf
is subjected to pressure between surfaces, at least
one of which is of resilient material — SAYAMA
TeEA ESTATES LTD. & WORTHINGTON

44380. Multi-colour printing: Wherein wmaterials,
which vender the printed colours waterproof, are
incorporated in the position containing dyes
to be printed — SARK

44464. Production of cellulose acetate threads: In
the continuous extension method, a part of the
coagulant liquid is withdvawn and subjected to a
high temperature so as to separate the potassium
acetate which is vecycled into the coagulant
bath for maintaining its composition almost cons-
tant — COURTAULDS LTD.

44525. Improvement in static ringing conver-
tors : Self-biased thyratron oscillator driven by
means of a condenser rvectifier system — THE
DIRECTOR, INDIAN INSTITUTE OF SCIENCE,
BANGALORE

44679. Electrical rectifying systems: Comprises a
main rectifier and an auxiliary rectifier, load
connected to main rectifier while parallel com-
bination of at least one counter cell and switch
connected to auxiliary rectifier — N. V. PHILIPS’
GLOEILAMPENFABRIEKEN

42663. Lining drug containers or tanks with acid,
alkali, petrol, oil or other resistant protective
linings : Treating the imner surfaces with an
adhesive solution and applying a protective
sheet malterial thereon — GEORGE SPENCER
MourToN & Co. (INDIA) LTD.
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PATENTED INVENTIONS OF THE C.S.LR.
28306. A plastic composition : Rubber is heated at
60°-110°C., adding to the heated rubber bamboo
strainer waste or jute waste and a powdered
mixture of sulphur, zinc oxide and accelerator
M. The mass is moulded and baked at 120°-
50°C. The proportions (by weight) of the
ingredients, on the basis of strainer waste or
jute waste as 100, are : rubber, 20-75 ; sulphur,
15-40 ; zinc oxide, 0-5-1:0 ; and accelevator M,
0:3-1:0. Avticles such as bobbins or pickers
made of the plastic composition are hard as
wood, light, and unbreakable for all practical
purposes — S. S. BHATNAGAR & A. AHMED
28307. Rubber composition for manufacturing
artificial cork, stoppers, refrigerator pads,
insulating materials, and like substances:
Rubber is heated at 50°-80°C., mixed with cotton
waste, bamboo strainer waste or jute waste, and
a mixture of sulphur, zinc oxide, a moderate
accelevator ( such as accelevator M ) and sodium
bicarbonate ; the temperature of the mass is
brought to below 50°C.; solid stearic acid is
sprinkled over the mass, which is then baked in
an oven at 110°C. for about 2 hr. and thereafter
at 140°C. for about 1 hr. If a small quantity
of casein is added to the rubber and the strainer
waste content is reduced, the final product will
be spongy. The proportions ( by weight) of the
ingredients, on the basis of bamboo strainer waste
or jute waste as 100, are : rubber, 20-75 ; sulphur,
15-40; zinc oxide, 0-5-1:0; accelerator M,

0-5-1-0 ; cotton waste, 2-7 ; sodium bicarbonate,
2-7 ; steavic acid, 4-14 — S. S. BHATNAGAR &
A. AHUMED

28376. Degradation of proteinous materials for use
in foam-generating substances or the like:
The invention is characterized in that in hydyo-
lysing proteinous material with an alkali metal
hydroxide, or an alkali salt showing alkaline
reaction, the hydroxide vequived for hydrolysis
is produced in the mixture itself by cataphoresis
of a mixture of the proteinous material and a
solution of sodium or potassium chlovide. The
solution is then neutralized with hydrochloric or
sulphuric acid and filtered free from imsoluble
material, and the filtrate is concentrated to a
density of 1-1-1:2— A. Ram, S. S. BHAT-
NAGAR & KARIMULLAH

28427 : Non-breakable and leak-proof containers :
In preparing sheets or blanks by pressing under
heat one or more layers of a fibvous substance
treated with an impregnating agent, an unpressed
margin is left along the edges, and portions of the
margin ave subsequently pressed, alome or over
one another, in presence of heat to form leak-
proof joints or stiff edges. The manufacture of
various types of mon-breakable containers by
bending the sheets and pressing the unpressed
margins is described and illustrated with draw-
ings. The method is also applied to making
plugs, screw caps, lever tops or sliding lids to
close containers — S. S. BHATNAGAR, P. Pra-
XAsH & L. C. VERMAN

PROGRESS REPORTS — Continued from page 266

of a seasonal variation at the height of region F,
was detected. Analysis of the value of coefficient
of recombination for regions E and F, showed that
the values for both these regions undergo similar
diurnal and seasonal variations, the amplitude of
variation for region F, being much larger.

Apart from the work on geomagnetic control of
F, layer ionization, investigations on the effect of
solar eclipse on the ionospheric ionization and
ionospheric tide deserve special mention. The
results of these investigations have been published
in a series of 8 papers.

The following schemes have been recommended
for investigations at the National Physical Labora-
tory : (1) electronic frequency analyser — Dr. N. B.
Bhatt; (2) studies of microwaves emitted by
extra-terrestrial sources — Dr. H. Rakshit; (3)
study of signal/noise ratio and the effect of ignition
type of noise on ultra-short waves — Prof. S. P.
Chakravarti; (4) studies on reflection coefficient
of different types of terrains for ultra-short micro-
waves — Dr. S. S. Banerjee.

General

The Committee has surveyed training and re-
search facilities in different institutions. The
Ministry of Education have invited a member of
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this committee to serve on the Ministry’s Syllabus
Committee for telecommunication engineering.

Practical Training Course in Radar — A short
course of training in radar was organized by the
Radio Research Committee in collaboration with
the Ministry of Defence. The training is to be
extended to fresh batches of scholars.

Research Equipment — The Committee has, from
time to time, brought to the notice of research
workers in electronics, the availability of equip-
ment for electronics research and have helped
them to secure the equipment.

Symposium on Microwaves — A Panel on Ultra-
short and Microwaves was set up under the Com-
mittee in 1945. Thirteen study groups were formed
and 27 survey reports were prepared which were
discussed at a symposium held in New Delhi in
December 1949.

Standardization — A survey of facilities for
testing and standardization of radio equipment
and components was carried out by the Committee
in 1945 and, based on this survey, the Committee
recommended the establishment of a Central
Radio Research Laboratory. A sub-committee,
with Dr. D. S. Kothari as convener, has been set
up to prepare plan for the establishment of a
Central Radio Research Laboratory.
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The Ionospheric Polarization of
Low Frequency Radio Waves

JOHN M. KELSO

Ionosphere Research Laboratory, The Pennsylvania State College,
State College, Pa., U.S.A. :

A discussion is given of some of the basic
principles of elliptic polarization in general,
and also as specifically applied to magneto-
ionic theory. Several new procedures, which
facilitate the numerical treatment of these
problems, are presented. These results are
applied to the vertical propagation of 150
kc. signals at State College, Pennsylvania,
U.S.A. The relation of these specific results
to those obtained under other conditions is
discussed.

T short wavelengths and in middle
A latitudes a radio signal directed verti-
cally is reflected from the ionosphere

(if at all ) with almost circular polarization.
Perhaps because of this fact there has not
been as much emphasis on the study of
polarization as there has been of other
phenomena. However, as a consequence of
the recent interest in the propagation of
radio waves of low frequency, there has been
a renewal of interest in the polarization of
such signals.
polarization departs considerably from cir-
cularity and since the waves are reflected
from very low regions of the ionosphere, the
effects of collisions are much more significant.
Most of the papers in the literature which
find it necessary to deal with polarization
appear to assume that the basic principles of
polarization are too well known to need
discussion. ' Indeed, this attitude is so pre-
valent that it is quite difficult to obtain any
source of very complete information on this
subject. That difficulties do arise is clearly
shown by the fact that two well-known
workers, Taylor! and Martyn2, and a number
of later writers have made the incorrect
statement that the polarization ellipses of

For these long waves the,

the two magneto-ionic components are always
oriented so that their major axes are perpen-
dicular. This error has been pointed out by
Aden, de Bettencourt and Waterman® and,
independently, by Benner, Grace and Kelso®.

For the above reasons the present paper
has two principal purposes: (1) to present
certain of the *“ well-known *’ features of the
general theory of radio wave polarization, as
well as some new methods for presenting the
results and for shortening the computations ;
(2) to exhibit some numerical results for
vertical incidence propagation of 150 kc.
(2 km. wavelength) signals. The theory
used for the numerical computations is based
on the simple magneto-ionic theory as ordi-
narily used in ionospheric work at higher
frequencies, and does not attempt to consider
any problems which involve ‘ wave theory ”
in any manner other than those included
implicitly in the Appleton-Hartree equation.

General Elliptical Polarizations

We assume that the wave can be represent-
ed by two simple harmonic vibrations acting
along lines at right angles in space. Thus the
material in the present section applies to any
simple harmonic motions in quadrature —
mechanical or electrical.

(1) Amnalytic Determination of Angle of
Tilt & Ratio of Axes — The resultant of two
simple harmonic motions of the same fre-
quency and acting at right angles in space is
always a vector, rotating with the given
frequency, which traces out an elliptical path.
(Linear and circular polarizations can be
considered as special cases of elliptical polar-
ization.) The orientation and shape of this
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resultant ellipse depend upon the ratio of the
amplitudes and the relative phases of the
original motions. There is also a question
of the absolute amplitudes and absolute
phases, but these do not usually enter into
lonosphere problems.

In the present section we wish to start with
a given pair of simple harmonic motions and
determine the shape and orientation of the
resultant ellipse. This is a problem in
analytic geometry which is simply stated,
but since the work involved is complicated,
although not theoretically difficult, it seems
well worth while to sketch the derivation of
the results and to note that the complete
derivation, as followed here, can be found in
Born’s Optik®. The notation of co-ordinate
axes has been changed here to conform
to the usual jonospheric axes used with the
magneto-ionic theory.

‘We consider two cosine motions with
different amplitudes and phases acting along
the Y and Z directions respectively. ( When
the magneto-ionic theory is introduced, the
Z direction will be the direction of the trans-
verse component of the earth’s magnetic
field, and the X direction, the direction of
propagation of the wave.)

(1) Hy=a, cos (pt+¢,)
Hg=a, cos (pt+4,)
The cosines can be written as the real
parts of exponentials :

(2) {Hy=Re[a,e""‘*¢*>]

Hz=Re [a,,em)t +¢‘)]
From this complex representation we can de-
fine a unique complex polarization vector, R :

3) R—1la_ 2 i) _ po'$,
y 4
where
p=a,/a,
(4) =¢:_¢’1

Hence, the complex polarization vector
depends only upon the amplitude ratio and
the phase difference, and not upon the
absolute magnitudes of either amplitudes or
phases. Thus, for a given pair of equations
(1) or (2), there is a unique value of the polar-
ization, R ; but the converse is not true. For
present purposes, except when considering
the sum of two elliptically polarized waves,
it will be sufficient to consider that two
elliptically polarized waves are the same if
they have the same polarization, R.
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Since each component in equation (1)
involves the cosine of the sum of two angles,
it is easy to expand this cosine using the
common trigonometric identity, and to
eliminate sin pt and cos pt, obtaining,

H; = Hj H,H, e
(5) Y +a; Z e cos ¢ = sin2g.

It is well known that equation (5) is the
equation of an ellipse whose axes do not, in
general, coincide with the Y and Z axes.
Further, it can be seen from equations (1)
that the ellipse is inscribed in a rectangle of
side 2a, along Y, and side 2a, along Z. Such
an ellipse is shown in Fig. 1.

AY

az az

Q e

\
<
~Y

Q
° %
q, \";*\5 \?

F1G. 1 — POLARIZATION ELLIPSE SHOWING CO-
ORDINATE SYSTEMS AND AXES.

In Fig. 1, let ¥ be the angle between the
major axis of the ellipse and the Z axis, and
let tan 0 be the ratio of minor to major axes.
We wish now to define a new co-ordinate
system with reference to the major and
‘minor axes of the ellipse. Let the displace-
ment along the major axis be § and that
along the minor axis be {. Then, for same
a, b and ¢,, we may write the ellipse as,

He = a cos(pt-+4, )
(6) H, = b sin(pt+4,)

where the (4) sign appears because of the
two possible senses of rotation of the result-
ant vector, with the (+4) sign giving a left-
handed sense of rotation ( counter clockwise,
in Fic. 1).

The angles ¥ and 0, mentioned above, are
easily measured experimentally, and thus are
very suitable quantities to use in specifying
the ellipse. Since 0, as defined above, is



KELSO : IONOSPHERIC POLARIZATION OF LOW FREQUENCY RADIO WAVES

inherently positive, we may affix to it an
algebraic sign which can indicate the sense of
rotation of the resultant vector. We would
now like to relate the angles ¥ and 0 to the
polarization, R, defined in equation (3).

The usual expressions for transforming
from the YZ system to the £ system are
given by,

) {He = H,sin¥ + Hg cos ¥
H{ = Hy cos¥—Hj sin ¥

Expanding the cosines of equations (1) as
mentioned above, one can now substitute
for Hy and H, in equations (7). We also
can expand the cosine terms in equations (6).
We then have two expressions for each of H
and Hy from which we can easily eliminate
cos pt and sin pt to obtairr,

(a) acos¢, =a, cos¢, sin¥ +

a, Cos ¢y cos ¥
(b) asin ¢, = a, sin ¢, sin ¥ +

a, sin ¢, cos ¥

((a) 4bcos¢, = —a, sin ¢, cos ¥ +

a, Sin ¢, sin ¥
(b) b sin ¢, = a, cos ¢, cos ¥ —

a, COS ¢, Sin ¥

Squaring equations (8) and adding, and
squaring equations (9) and adding; and
adding the results, we obtain,

(10) a?4b? = a’+a).

Multiplying (8a) by (9a), and multiplying
(8b) by (9b) and adding the results, we
obtain;

(11) +ab = a,a, sin ¢.

Dividing (8a) by (9a), and dividing (8b) by
(9b), equating, cross multiplying, and collect-
ing terms,

(®)

)

(12) tan 2% — ;—2‘3:—9 cos .
Defining, b
(13) tanoq=p= 22,
Co
Then,
(14) tan 2¥ = —tan 2« cos ¢.

Since tan 6 = b/a, we can substitute for
sin 6 and cos 6 in the identity,
Sin 20 = 2 sin 0 cos 0,
to obtain
sin 20 = 2ab/( a?-+-b?).
Introducing equations (10), (11) and (13),
we obtain,

(15) sin 20 = 4-sin 2« sin ¢.

Thus, for a given pair of equations of the
form of equation (1), we can determine the
angle of tilt, the ratio of the axes, and the
sense of rotation of the resultant ellipse by
using equations (14) and (15). There is a
certain degree of ambiguity about these
latter two equations, but this can be removed
by other considerations to follow.

(2) Graphical Determination of Angle of
Tt & Ratio of Axes — The results of the
preceding section offer a procedure for the
determination of the configuration and
orientation of the resultant ellipse for a given
pair of equations of the form of equations (1).
It is the purpose of the present section to offer
a rapid graphical method for obtaining the
same information.

As noted above, we are not concerned with
the absolute magnitudes of either the ampli-
tudes or of the phases, so that we can
introduce the abbreviations from equation
(4) into equation (1), to obtain a pair of
equations which, for our purposes, are
equivalent to the equations (1) :

Hy = p cos (pt+4)

(16) Hy = cos pt

By examining qualitatively the behaviour
of the resultant ellipse as pt increases from
zero, one can determine the general charac-
teristics of the resultant when the quantities
p and ¢ have values in certain ranges. For
example, if p<1, and 0<¢<m/2, we see
thatatt =0, Hg=pcos¢<l,and H,=1;
as pt increases, both Hz and Hy decrease at
first, so that we can determine several facts
about the resultant ellipse : (1) the rotation
is left-handed ( counter clockwise ) in Fig. 1;
(2) the ellipse lies in a rectangle with its long
side along the Y direction; (3) the major axis
of the ellipse is oriented as shown in Fig. 1.

Applying similar reasoning to a complete
range of variations of p and ¢, we can plot
a diagram, Fig. 2, which has been adapted
from one given by Booker®. This figure
shows the resultant ellipse for p £ 1, and ¢
in all four quadrants, and indicates : (1) the
quadrants containing the major axis; (2)
whether the major axis inclines more nearly
toward the Y or the Z direction; (3) the
sense of rotation of the ellipse ; (4) the two
points of circular polarization (p=1, ¢ =
4 w/2), the line (¢=0, =) of linear polar-
ization, and the point (infinity) of linear
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FI1G. 2 — SCHEMATIC REPRESENTATION OF POLARIZATION IN THE COMPLEX PLANE.

polarization — all other regions give ellipses. ~transverse component of the earth’s magnetic
The ellipses have been oriented so that the field as it will be introduced below.

axis ¢ = 0 is in the direction of the Z axis From the Appleton-Hartree equation, it is
as used above, i.e. in the direction of the easy to show that the two magneto-ionic
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components are related so that the product
of their polarizations is unity. Thus, if the
subscript ““ 0 ” stands for the ordinary, and
“x" for the extraordinary component,

(17) PoPx=1 ¢, = —¢«

One such pair of ellipses are indicated on
Fig. 2, and it is readily seen, either from
general considerations, or from equations
(14) and (15), that the two ellipses have
opposite senses of rotation, but similar shapes,
and that they are tilted equally from the
line at 45° between the positive Y and Z

directions. That is,
(18 T aire

The use of Fig. 2 and the results in equation
(18) eliminate the ambiguities mentioned in
connection with equations (14) and (15).

We wish now to obtain a chart which will
give, in the complex polarization plane ( the
R plane ), the lines of constant angle of tilt
and constant arc tangent of the axial ratio.
We note first that the left half-plane of Fig. 2
is the same as the right half-plane, but with
the major axis in the second and fourth
quadrants, instead of the first and third.
Also, the lower half-plane is the same as the
upper half-plane, except that the rotation is
right-handed instead of left-handed. Thus,
our chart need only include the first quad-
rant, since the polarizations corresponding
to points in the other three quadrants are
simply related to those in the first quadrant.
Further, a point at some angle ¢ which has
a magnitude p is related to the point at the
same angle ¢ but at a distance 1/p from the
origin. The two ellipses have the same
shape and rotation senses, but are tilted
equally on opposite sides of the 45° diagonal
mentioned above. That is, the one ellipse
has its major axis tilted at the same angle
from the Y direction as the other is tilted
from the Z direction. Hence, results for all
values of p and ¢ can be obtained in a simple
manner from those within the first quadrant
of a circle at a unit distance from the origin.

Let us eliminate « from equations (14)
and (15), obtaining

a9 4 = p? tan 2¥+2p cos ¢ -+ tan 2¥ = 0

F p? sin 20+2p sin ¢ F sin 20 = 0
If r = p cos ¢ and s = p sin ¢ are the real
and imaginary parts, respectively, of the
polarization, i.e. R = r+js, then the equa-
tions (19) become:

C2r

+) — Grow =

(20)
2s
b) . S
() F gne = 1
Rearranging thesc equations, we obtain from

the first the equation for the lines of constant
angle of tilt, ¥,

{2l) [r " tan 2¥
which are circles with centres at ( 1/tan 2¥,
0) and with radii 1/sin 2¥. Similarly, the
second of equations (20) leads to an equation
for the lines of constant 0,

ik
(22) o+ [s ¥ §m] = =

which is the equation for a family of

2 % 1
BT T

o ‘ J1° iy
circles with centres at (0, me) and radii

1/tan 260.

Fig. 3 shows these lines of constant ¥ and
0 drawn within the unit circle of the R plane.
The box in the upper right of the figure shows
the ranges of ¥ and 0 for the other ranges of
the polarization shown in Fig. 2.

As an example, we note that, if R = 0-3
+j 05, then ¥ = 69°, and 6 = 24°. Th=
polarization is left-handed, since R is in th:
upper half-plane (and 0 is positive ). Con-
sidering corresponding points in all four
quadrants, we get the following table :

(1) R=0-3+j 05, ¥ =69°,

0 = 24°, left-handed ;

(2) R= —0-3+4+j 05, ¥ = —69°,
0 = 24°, left-handed ;

(3) R= —03—j 0:5, ¥ = —69°,
= —24°, right-handed ;

4 R=103—j0-5, ¥=69°

0 = —24°, right-handed.
Now, it will be noted that the value of p
corresponding to the value R = 0-34j0-5
is p = 0-5831. The reciprocal of this value
is 1/p = 1-7150. For this inverse point
¥ = 21°, § = 24°. Similar results can be
obtained for each of the four examples above.
(3) The Sum of Two Elliptically Polarized
Waves — As is well known, the sum of two
elliptically polarized waves is another ellip-
tically polarized wave. In the present
section we consider the problem of obtaining
this sum, but the work is restricted to add-
ing two ellipses as the two magneto-ionic
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Fi1G. 3 — LINES OF CONSTANT ¥ AND CONSTANT 0 INSIDE UNIT CIRCLE BOX AT UPPER RIGHT GIVES
RANGES OF ¥ AND 0 1IN ENTIRE PLANE.

components are related, i.e. the product of
their polarizations is unity. This restriction
is not necessary, but it simplifies matters
somewhat and, since the purpose of the
present work is the study of polarization as
related to the magneto-ionic theory, the
restricted results will suffice.

We use the superscripts “ o’ and “x”
to denote the two magneto-ionic components.
Then the two waves to be added are given by,
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[ H?:p cos (pt+¢)
(LHyzcos pt

24) H} =A cos (pt—¢-+a)
Hi=A p cos (pt+=)

(23) } R,=pel#

} szl e i#
p

where the quantities A and « in equation (24)
permit a constant difference in amplitude and
phase between the two ellipses.
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We now add the Y components and the
Z components separately, thus obtaining a
pair of equations of the form of equation (1)
for the resultant ellipse. If p; and ¢, are
the corresponding quantities defined in equa-
tion (4), then,

VP EgC0n (2 ) T

’ v/ 1+2Ap cos a+AZp?

psin g+A sin (x—¢)

p cos ¢+A cos (x—g) ]
Ap sin a

1-+Ap cos «

(25)

(26) ¢T=tan-1[

|

By inspection of equations (25) and (26),
it is a fairly straightforward matter to
develop a graphical procedure by which the
polarization of the resultant can be deter-
mined as a function of either A or .

An example using the above procedure has

—tan-!

OF LOW FREQUENCY RADIO WAVES

ellipses whose polarizations are given by R,=
P % y Ko
0-7306¢ 7 19 1 —j (74° 10)

R =—«+-—&€
* 07306
( These values represent reasonably well the
form of the ellipses measured at this labora-
tory at a frequency of 150 kc./s. Only one
rotation sense is usually seen, however.)
In Fig. 4, the angles ¥ and 0 are shown as
functions of the relative phase « for four
different values of the relative amplitude A.
This figure shows the great changes in polar-
ization which can result from adding a very
small amount of extraordinary wave to the
ordinary wave, if the phase difference be-
tween the two waves changes very greatly.
In using the graphical method mentioned
above, one makes use of the chart in Fig. 3.
Fig. 5 shows two curves on this chart obtain-
ed from the graphical procedure as applied
to the above choice of waves for two different
choices of the relative amplitude. The
curve for A = 0:15 corresponds to one pair

and

been worked out for the sum of a pair of of the curves shown in Fig. 4. It can be
100
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shown analytically that the curves of cons-
tant amplitude ratio, when plotted on Fig. 3,
are circles, and the centres and radii of these
circles can be obtained numerically. ( The
general algebraic solution is too inconvenient
to be of much use.) It should be noted
that the circle for A = 0-20 contains the
point 0 +jl. Considering this fact in the
light of Fig. 2, one sees that the major axis
of the resultant turns through 180° as the
phase « goes through 360°.

Appleton-Hartree Equation —
Magneto-ionic Theory

The notation used here is that of Appleton?.
We consider a right-handed co-ordinate sys-
tem, XYZ, with a plane wave propagated
in the X direction. The earth’s magnetic
field, H, lies in the XZ plane at an angle 6,
from the X axis, and has components H,
and H,; along the X and Z directions
respectively.

Appleton has shown that the complex
index of refraction, q, is given by equation
(27) below; and, if Hy and Hy are the
components of the magnetic field of the
wave along the Z and Y directions, then
the polarization, R, of the wave is given by
equation (28) below.

@) a=(u-i%) =

1+ — Z\/, —
A= erim) e +]B)2+4YL
He S 1L
B R o (a+1@)]

where p = refractive index; k = index of
attenuation; ¢ = velocity of electromagnetic
waves in free space; N =electron density ;
p = angular frequency ; v = collisional fre-
quency ; o=p?/p;; B=Ppv/P.; Y= PPx/P.;
Yir=PPut/P.; P, = 4©Ne?’/m ; p, = He/mc;
m, e=mass and charge of an electron.

Because of the (:{:) sign of equatlon (27)
it is seen that, for a given point in an ionized
region, there are two values for the complex
index of refraction, and, hence, for the
polarization. One of these values corres-
ponds to the ‘“ordinary”’ component, the
other to the ‘‘extraordinary’” component.
For definitions of these components and
further details, see Mitra8.

Substituting equation (27) into (28),
multiplying the corresponding result using
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the (4) sign by that using the (—) sign,
and collecting terms, it is seen that the
product of the polarizations for the ordinary
and the extraordinary components is unity,
as mentioned in the preceding section.

Numerical computations from equations
(27) and (28) in their present form are
rather tedious. The scheme used here is
a slight modification of that given by
Bailey®. For the derivation of the following
equations, the reader is referred to the
original work.

Using the notation given above, we
evaluate the following sequence of equations :

(o =2 cos 0/sin® B,
8
Pt = x2+y

29) A=g—p—1, B=2&y

C = /AT B2
po 4 VE(CEA)
r=§ (1£F)
=7 (1=5)

The quantltles r and s above are the
real and imaginary parts, respectively, of
the polarization. When these quantities
have been obtained, the angle of tilt, the
ratio of the axes and the sense of rotation
of the resultant ellipse can be determined
either graphically or numerically according
to the methods given previously.

When B2 << A? in equation (29), the
numerator of the quantity F lacks sufficient
significant figures to give a useful result.
Using the first two terms of a power series,
one can obtain the alternative (approxi-
mate ) expression

& [4-/AI
The expressions for r and s in equations
(42) contain a (4) sign. The upper signs
belong to one component, and the lower
signs to the other. However, because of
the nature of the derivation of these equa-
tions, the relation of this (4) sign to that
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in equation (27) is not immediately evident.
In particular, there is a possibility of a
change of signs for N greater than or less
than the value for which p?=p? (the
condition for reflection of a vertical signal
in the absence of the magnetic field and
collisions ) ; and also the signs may change
when the value of y crosses the value y.=
Pr/2p., the critical collisional frequency.
( For further details on the significance of
these points, we again refer the reader to
Mitra8) Using a limiting analysis—allowing
N and/or y to approach either zero or one
of the critical values—the following table
was established, where N; is the value of N
for which p%?= p’. Some additional in-
formation on this subject will be offered
below.

TABLE I

Ordinary —_
Extraordinary +

Z
|+ v
4
(<]

Using this procedure, numerical calcula-
tions have been made for the polarization
for various values of N and vy. These
calculations were made for signals incident
vertically at State College, Pennsylvania,
U.S.A. (40°49’ North, 77°52' West ), where,
at an altitude of 100 km., the magnetic
field is computed to give py = 9:406 + 108,
0, =19°9", and y.=5-348 + 10°. All cal-
culations are for an operating frequency of
150 kc. per second.

After r and s were obtained for various
values of N and vy, it was then possible to
refer to Fig. 3 in order to determine the
angle of tilt, ¥, and the arc tangent of the
axial ratio, 0, corresponding to these values
of rands. A complete picture of these final
results is given in Fig. 6, where the lines
of constant N and y are plotted in the 0¥
plane.  The upper half of this figure,
where 0 is positive, corresponds to left-
handed polarizations, while the lower half
of the figure, where 0 is negative, corresponds
to right-handed polarizations. The axis
0 = 0 and the vertical line ¥ = 45° corres-
pond to the classical reflection condition,
p?=p.. The two diagonal straight lines
are the lines y = y..

Using this chart, the polarization charac-
teristics can be determined for a wave as it
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passes through a medium where the para-
meters N and y are changing. For each
value of N and v there are two points on this
chart, located in positions which are symme-
trical about the centre of the chart. As the
wave emerges from the layer, the points on
this chart denoting the wave polarization
move out of the chart from the upper right
corner, and from the lower left corner.
Waves whose limiting polarizations corres-
pond to values in the upper right corner of
this chart are usually called ‘ ordinary ",
while those waves having polarizations given
by the lower left corner are called “* extra-
ordinary . However, it should be noted
that if the polarization of the wave is not to
suffer discontinuities as the medium varies,
it is not possible to restrict any portion of
this chart to a single one of the two charac-
teristic waves. Thus, the terms “ ordinary
and ‘‘ extraordinary "’ are indicated on this
figure only outside of the chart itself, and
they are intended to apply to emerging
waves only.

Because of the choice of propagation angle,
05, the present chart represents downcoming
waves at State College. For upgoing waves,
the values of 6 and ¥ have the opposite
algebraic signs from those quantities for
downcoming waves, i.e. the points corres-
ponding to downcoming and upgoing waves
are symmetrical about the centre of the chart.

Although the present chart was prepared
for restricted propagation conditions, the
general form is universal. In particular, the
lines for p? = p? and the lines for y = y.
are the same whatever the conditions of
frequency, magnetic field, or propagation
angle. This set of lines divide the chart
into eight regions, the general properties of
which are the same under all conditions,
except for the definitions of the terms
“ordinary ’ and ‘‘ extraordinary . This
latter point can be checked by considering
the polarization for N =0, y = 0.

Acknowledgements

The author would like to express his
indebtedness to Dr. A. H. Waynick, under
whose supervision the present work was done.
Mr. H. J. Nearhoof, who has applied the
present procedures to the analysis of experi-
mental data, has been responsible for the
detection of several errors and inconsistencies
which might otherwise have found their way
into this paper.



KELSO : IONOSPHERIC POLARIZATION OF LOW FREQUENCY RADIO WAVES

i ; sor | 1 ! T B
| L Pl
| s
b aof)
i 3 . )
i 3
g
l» ‘ Sx10 i
| b 4
fo 2Rop s b i
£ 4xi0* |
! j
! % :
: Lol 5 3sxi0° | | . §
* 5% ! N
o | by
i ; et i)
0. ol 100, | 200 V=30 40°
T 275%07 | , E
250’ | T |
225x10° i |
L 2x107, { | (R | ¢
-2 ; ' Nt
9 [1Sx0* 4 i
N:loi ’ “\6 " !
{ / 1+°
=30 3 o BN g . i - ? 1
S Ne0g ‘ ; P\ ;
‘& 5 | i ! i . il
*: A .?’ % ‘$\°, R o) ; - b ‘It‘llo 5
“' ! 1‘\ o. ! : i 2 ,
SR e \ - G
-40}- AR A G -40 w4
. i
i g o
} i i i | 1 | : :
EXTRAORDINARY i dia ! o
s i I 4 . [ { F i it i | i IR P
Bl
F1G. 6

This work was supported in part by 3. ADEN, A. L., DEBETTENCOURT, J. T. & WATE-
Contract No. AF19(122)-44 with the U.S. MAN, A. T.: J. Geophys. Res., 1950, 55, 53-56.

. . 4. BENNER, A. H,, Gracg, C. H. & KeLso, J. M.:
Air Force, through sponsorship of the Proc. I.R.E.. 1950, 38, 951-952.
Geophysical Research Directorate of the 5. Borwn, M.: Optik, Berlin (1933).

Cambridge Field Station, Air Material Com- 6. Boggl;h 2H. G.: Proc. Roy. Soc., 1934, 147,
mand. 7. APPLETON,‘ E. V.: Jour. Inst. Elec. Eng., 1932,
REFERENCES 73; 642-030.

8. MITRA, S. K.: The Upper Atmosphere, Calcutta
1. TAYLOR, M. : Proc. Phys. Soc., 1934, 46, 408-419. (1948).
2. MartyYN, D. F.: Phil. Mag., 1935, 19, 376-388. 9. BaILEY, V. A.: Phil. Mag., 1938, 26, 425-453.

133



Elimination of the Nitro Group in
the Process of Diazotization of 3, 4-
Dinitraniline & 2, 5-Dinitro-P-
Toluidine in Hydrochloric Acid—DPart I

B. B. DEY, R. KRISHNA MALLER & B.R.PAI

Presidency College, Madras

During diazotization in hydrochloric acid,
chlorine replaces the nitro group in position
-4 of 3, 4-dinitraniline and in position -5 of 2,
5-dinitro-p-toluidine. These observations
have extended Meldola’s principles governing
such displacements. The reaction has been
explained in terms of electronic concepts and
its analogy to the replacement reactions
characteristic of o- and p-dinitrobenzenes has
been brought out.

HE elimination of a nitro group and

I its replacement by chlorine in the

course of diazotization of a dinitro-
aniline in hydrochloric acid was first observed
by Meldola and Eyre! in the case of 2, 3-
dinitro-4, methoxyaniline. On diazotization
and subsequent treatment of the diazonium
salt with alcohol, they had in this case
obtained 2, nitro-3-chloroanisole instead of
the 2, 3-dinitroanisole, which would be
expected if the reaction had proceeded
normally. Further, on coupling the diazo-
nium salt with alkaline B-naphthol and
analysing the resulting phenyl-azo-8-naph-
thol for nitrogen, they were able to account
for the presence of only one nitro group in
the dye. These observations led them to
the conclusion that during the process of
diazotization, one of the nitro groups had
been eliminated and its place taken by
chlorine. A similar abnormal behaviour
was also noticed by Freyss! at about the
same time in the case of 4, 5-dinitro-o-
toluidine which, on diazotization, was found
to have lost a nitro group and yielded 4,
nitro-m-cresol.

Following upon their original observation,
Meldola and his co-workers®? later made an
extensive study of similar behaviour in the
case of other isomeric dinitroanisidines and
a few polynitroanilines, and the results of
their researches led them to formulate

134

certain general conditions governing such
eliminations, viz. (a) the nitro group should
be either in the ortho or para position to the
diazo group, and (b) there should be a second
nitro group adjacent to the one which is
displaced.

This easy replaceability of a nitro group
by halogen during a diazo reaction need
not be considered to be confined exclusively
to compounds of the benzene series since a
rearrangement somewhat on the lines of
Meldola’s observations has been reported
by Morgan* and others® in the case of 1-
nitro-2-amino-naphthalene where, in the
presence of hydrochloric acid, the diazonium
salt of the nitro base becomes transformed
into the corresponding derivative of the
chloro base. Similar replacements of substi-
tuent radicles by hydroxyl in diazo deri-
vatives of the naphthalene series bearing a
close analogy to Morgan’s observation have
been the subjects of study by Gaess and
Ammelburg® and also by Meldola and
Streatfield.?

In so far as the study of diazotization in
hydrochloric acid of dinitroanilines is con-
cerned, it may be pointed out that Meldola
and his co-workers had confined their in-
vestigations mainly to the eliminations that
occur, during the process of diazotization,
in heavily substituted anilines, thereby
leaving room for the possibility of steric
influences operating to help such displace-
ments to take place. Moreover, neither
Meldola nor the other subsequent workers
had investigated the possibility of such
displacements occurring in the case of the
simplest dinitroanilines, conforming in their
configuration to the conditions laid down by
Meldola et al. It was, therefore, considered
desirable to investigate from this point of
view the behaviour of the three simple
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isomeric dinitroanilines (2:3, 3:4and 2:5)
when subjected to diazo reaction.

It will be observed that of these three
dinitroanilines, only two isomers, viz. 2,3
and 3, 4-dinitroanilines, comply in full with
the conditions prescribed by Meldola for

*8 Sqp OH
Tog NO
2

the successful elimination of a nitro group,
since, in the third isomer, viz. 2, 5-dinitro-
aniline, the nitro groups do not occur conti-
guously. Ginneken, quoted by de Mooy?,
appears to have first made the observation
that when 2, 3-dinitroaniline was diazotized
and decomposed in a chloride solution, not
only was the amino group but also the
adjacent nitro group replaced by chlorine,
yielding 3-nitro-1, 2-dichlorobenzene. This
should obviously have followed from Mel-
dola’s postulate, but the other workers
( Ginneken and de Mooy ) did not apparently
correlate their observation with the behaviour
noted by Meldola of the similarly consti-
tuted dinitroanisidine nor did they proceed
to investigate the same reaction with respect
to the other isomer, viz. 3 : 4-dinitroaniline.
This has now been done in detail and it has
been found that, in conformity with Meldola’s
generalizations, a displacement of the nitro
group in para position to the diazo group
does take place readily and with ease. When
a solution of diazonium chloride prepared
from 3, 4-dinitroaniline was treated with
potassium iodide in the usual manner, there
resulted, instead of 3 :4-dinitroiodobenzene,
3-nitro-4-chloro-1-iodobenzene. Further proof
was obtained from the reduction of its
azo-B-naphthol derivative, one of the com-

ponents of the reduced dye being found to
be 4-chlor-m-phenylene diamine. This could
be explained only on the assumption that
the 4-nitro group had been replaced by
chlorine in the course of the diazotization,
thus :

NH2

e

NH2

OH
REDUCTION

cl

In the light of the foregoing observations
and the generalization made by Meldola, the
possible behaviour of 2, 5-dinitroaniline,
when subjected to a similar diazo reaction,
assumes special interest. If Meldola’s con-
ditions be accepted, the position of the
second nitro group marked (2) in the diagram
would not be propitious for a successful
elimination of the nitro group marked (1).
Attempts to prepare 2, 5-dinitroaniline in
quantity by the separation of the mixed
isomer resulting from the nitration of meta-
nitroacetanilide were not very successful
and so the similarly constituted toluidine
derivative, viz. 2 : 5-dinitro-p-toluidine,
was taken for investigation instead. The
methyl group in 2:5 dinitro-p-toluidine,
in so far as these displacements are
concerned, may be considered to be
without effect, since 4 : 5-dinitro-o-toluidine
(cf. 3 : 4-dinitroaniline ), when diazotized,

® N02
0 2N
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undergoes the normal elimination ( Freyss,
loc. cit.).

On diazotizing 2 : 5-dinitro-p-toluidine in
hydrochloric acid, a replacement of the 5-
nitro group by chlorine was found to occur,
the product of Sandmeyer reaction being 2-
nitro-4 : 5-dichlorotoluene. Further, on
coupling the diazo body with alkaline -
naphthol and reducing the resulting dye,
5-chloro-m-toluylene diamine was obtained
and identified by its benzoyl derivative.
The conclusion is thus inevitable that eli-
mination of the nitro group from a dinitro-
aniline can take place not only if the second
nitro group is in the ortho position to the one
suffering displacement but also when it is
in the para position. This possibility does
not appear to have been considered or in-
vestigated by Meldola and his co-workers.
Meldola’s postulate should, therefore, be
modified as follows: In a benzenoid di-
nitroamine where the nitro groups occur
either in the ortho or in the para positions
to each other, one of them suffers elimina-
tion on diazotization in hydrochloric acid,
the eliminated group being either in the
ortho or in the para position to the diazo
group.

In the aromatic compounds the pheno-
menon of displacement of a nitro group in
the ortho or para position to another nitro
group through the agency of nucleophilic
reagents is now well established. The con-
version of ortho-dinitrobenzene to ortho-
nitrophenol by reaction with sodium hy-
droxide is explained on the basis of the
electronic theory, as the result of the nucleo-
philic attack at carbon atom marked (1)
in (A) (see diagrammatic representation be-
low) being facilitated by the -M and -E
effects of the nitro group in the ortho posi-
tion. Restoration of aromaticity in the transi-
tion complex (B) leads to ortho-nitrophenol
with ejection of the nitro group as the No,
ion.
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Extending these principles to ortho- or
para-dinitroanilines, the nucleophilic dis-
placement of the one nitro group is facilitated
not only by the -M and -E effects of the
other nitro group in the ortho or para posi-
tion, but also by the tautomeric shift ini-
tiated by the positively charged diazonium
pole, in the ortho or para position. Thus
in 3, 4-dinitrobenzene diazonium chloride,
the structure resulting from the tautomeric
shift as pictured in conjunction with the
-M and -E effects of the nitro group at
position (3) should facilitate the nucleophilic
displacement of nitro group at position (4).
In 2, 5-dinitrobenzene diazonium chloride,
since it is the (2) nitro group that is dis-
placed by the action of nucleophilic reagents,
it follows that the positive diazonium pole
plays a definite role in increasing the sus-
ceptibility of the molecule to nucleophilic
attack.

As regards the experimental technique
involved in these diazotizations and the
later isolation and identification of the
resulting products, satisfactory methods of
procedure have been worked out. In each
case the diazotized amine was coupled with
B-naphthol in alkaline solution and the azo
dye obtained purified and then reduced
with tin and hydrochloric acid to yield the
component parts which were separated and
identified by means of suitable derivatives.
Further, the diazo compounds have been
converted almost quantitatively to the chloro
or iodo derivatives by employment of cuprous
chloride and potassium iodide respectively,
thus affording further confirmation of the
conclusions reached. The reactions taking
placeare diagrammatically represented below.
The methods worked out for the prepara-
tion of 3, 4-dinitroaniline and 2, 5- -dinitro-p-
toluidine are also described being variations
of published procedures®!° which were either
scanty in detail or inconvenient to reproduce.
In regard to the preparation of 2, 5 dinitro-
p-toluidine in particular, it may be men-
tioned that it was discussed in our earlier
publicationl?,
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137



J. SCI. INDUSTR

Experimental Procedure

Preparation of 3 : 4-dinitroaniline — Nitra-
tion of m-nitroacetanilide : 10 gm. of alcohol
crystallized sample of m-nitroacetanilide
(m.p. 155°C.) dissolved in 40 c.c. of ice-
cold concentrated sulphuric acid was treated
in the course of 10 min. with a mixture
of 10 gm. of potassium nitrate in 20 c.c.
concentrated sulphuric acid and the mass
kept stirred for nearly 3 hr. till room
temperature was attained. The nitration
product obtained after pouring the mixture
into crushed ice was allowed to stand in
contact with cold water overnight and the
resulting yellowish red mass filtered, washed
several times with water and air dried.
The crude product weighed 144 gm.

Isolation of 2 : 3-dinitroacetanilides — The
crude product (14 gm.) was dissolved in
40 c.c. boiling alcohol (93 per cent) and
allowed to cool. The crystals obtained were
removed by filtration and weighed 37 gr.
The product sintered at 120°C. and fused
completely at 170°C. It was redissolved
in the minimum quantity of boiling alcohol
(35 c.c. of 93 per cent ) and allowed to stand.
The pure product (27 gm.) thus obtained
melted sharply at 186°-87°C. ( 2 : 3-dinitro-
acetanilide, m.p. 187°C.); yield, 216 per
cent of theory.

The total alcoholic mother liquors were
poured into about 500 c.c. of cold water and
mechanically agitated and the precipitated
yellow solid collected, washed on filter and
air dried (4'3 gm.). On crystallization from
a benzene-alcohol mixture (25 c.c. of ben-
zene and 5 c.c. of absolute alcohol ), 2'6 gm.
of 3 : 4-dinitroacetanilide was obtained, m.p.
145°-46°C. (yield, 20-8 per cent of theory ).
This was refluxed with a mixture of 12-3 c.c.
of concentrated sulphuric acid and 383 c.c.
of 50 per cent ethyl alcohol for 2 hr. On
allowing to cool to room temperature crystals
separated which were collected, washed
with dilute alcohol and air dried ; yield,
14 gm. of 3:4-dinitroaniline, m.p. 153°-
54°C. The alcoholic sulphuric acid mother
liquor, on pouring into a large excess of
water (300 c.c.) and stirring, precipitated a
further quantity of 3 :4-dinitroaniline (05
gm.) ; total yield, 1'9 gm. (18'5 per cent
of theory based on m-nitroacetanilide ).

Preparation of 3-witro-4-chlorobenzene-azo-
B-naphthol —2 gm. of 3:4-dinitroaniline
were stirred into a mixture of 4 c.c. of con-
centrated hydrochloric and 24 c.c. of glacial
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acetic acids at room temperature and then
cooled below 5°C. and treated rapidly with
0-8 gm. of sodium nitrite in minimum amount
of water. The reaction was allowed to pro-
ceed for 10 min. at the end of which
the excess nitrous acid was destroyed by
urea and the clear diazonium solution
obtained. It was then added dropwise to a
cold well-stirred solution of 16 gm. of @-
naphthol in 100 c.c. of 30 per cent caustic
soda (aq.) and kept stirred for an hour.
It was diluted at the end and the precipitated
deep red dye filtered at the pump and washed
free from alkali. It was then removed,
ground up with dilute hydrochloric acid,
filtered, washed and dried in an air oven;
yield, 1'3 gm. Crystallization from ethyl
acetate provided the pure dye, m.p. 200°C.
( decomp.). Found : nitrogen, 12-9 per cent ;
C16HoN3O05Cl requires nitrogen, 12'8 per
cent.

Preparation of 4-chloro-m-phenylene diamine
from the azo-dye — 1 gm. of 3-nitro-4-chloro-
benzene-azo-B-naphthol was reduced by
boiling with a mixture of 1 gm. of tin, 6 gm.
of stannous chloride and 1 gm. of ferrous
sulphate contained in 2:1 dilute hydro-
chloric acid ( 30 c.c.). After reduction was
complete, as shown by the liquid becoming
colourless (1 hr.), the clear solution was
filtered off from the excess tin, diluted and
the dissolved tin removed as sulphide by
treatment in the hot with hydrogen sulphide
gas. It was then concentrated on the water
bath, basified with 30 per cent caustic soda
solution and extracted thrice with 25 c.c.
portions of chloroform. The extract was
dehydrated over anhydrous sodium sulphate
and the chloroform distilled off. The resi-
due left on crystallization from 50 per cent
ethyl alcohol yielded needles of 4-chloro-m-
phenylene diamine, m.p. 91°C.

Preparation of 1-chloro-2-nitro-4-iodoben-
zene— 1 gm. of 3: 4-dinitroaniline was diazo-
tized in the manner already described and
the clear diazonium solution obtained was
treated dropwise with a solution of 22
gm. of potassium iodide in 5 c.c. of cold
water. After the addition, during which
there was considerable effervescence, the
mass was stirred for an hour without extra-
neous cooling and then heated slowly to 80°C.
when an oil separated out. The flask was
then removed, cooled to room temperature
and the contents diluted with water and the
precipitated solid filtered off. It was then
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ground up with dilute alkali, filtered, washed
again and dried ; yield, 1'2 gm. On crys-
tallization from 93 per cent ethyl alcohol,
reddish-brown needles of 1-chloro-2-nitro-4-
iodobenzene separated out, m.p. 75°-76°C.
Found : nitfogen, 46 per cent ; CgH;NO,ICI
requires nitrogen, 4'9 per cent.

On reduction with tin and hydrochloric
acid and basification, 2-chloro-5-iodoaniline
was obtained which was characterized by its
benzoyl derivative. The sample crystallized
from alcohol melted sharply at 159°C.

Preparation of 2: 5-dinitro-para-toluidine —
15 gm. of o-nitro-acet-p-toluidide in 60 c.c.
of concentrated sulphuric acid were stirred
and treated below 5°C. with 15 gm. of
potassium nitrate in 30 c.c. concentrated
sulphuric acid, a little at a time, and the
mixture kept stirred for 3 hr. in the
cold. At the end, the solution was poured
into melting ice and the precipitated solid
filtered off, washed with cold water and
dried. The pale-yellow product was crys-
tallized from 93 per cent ethyl alcohol and
obtained as straw-coloured needles; yield,
14:4 gm. ; m.p. 130°-35°C. The dinitro base
obtained from it by boiling with a mixture
of ten times its weight of concentrated sul-
phuric acid and fifteen times its weight of
water for 1 hr., crystallized from 93 per
cent ethyl alcohol in orange-red needles ;
yield, 37 gm. (25 per cent of theory);
m.p. 189°C.

2-nitro-5-chloro-toluene-azo-B-naphthol — A
solution of 2 gm. of 2 : 5-dinitro-p-toluidine
in a mixture of 5 c.c. concentrated hydro-
chloric acid and 30 c.c. glacial acetic acid
was diazotized in the usual manner using
1 gm. of sodium nitrite in minimum amount
of water. The clear diazonium solution
obtained after being rid of excess nitrous
acid was coupled with -naphthol (1'6 gm.
in 100 c.c. of 30 per cent caustic soda
solution ) and the purple-red dye obtained
as in the previous case; yield, 2:3 gm.
It crystallized from ethyl acetate, m.p.
192°C. Found: nitrogen, 125 per cent;
C,7H;3N304Cl requires nitrogen, 12:3 per
cent.

Reduction to 5-chloro-m-toluylene diamine —
1 gm. of 2-nitro-5-chloro-toluene-azo-B-naph-
thol was suspended in 2:1 dilute hydro-
chloric acid (30 c.c.) and reduced using
1 gm. of tin, 6 gm. of stannous chloride and
1 gm. of ferrous sulphate. After 1 hr. of
boiling, the clear solution was rid of excess

tin, diluted and the dissolved tin salts re-
moved by treatment with hydrogen sulphide.
The clear solution was concentrated and after
basification extracted thrice with 25 c.c.
portions of benzene chloroform mixture
(1:1) and the extract dried over anhydrous
sodium sulphate, filtered and distilled. The
residue, on crystallization from a mixture of
benzene and ligroin, yielded the pure 5-
chloro-m-toluylene diamine, m.p. 120°-21°C.
Its benzoyl derivative crystallized from ethyl
alcohol in leaflets, m.p. 206°C.

4 : 5-dichloro-o-nitro-toluene — 1°'5 gm. of
2 : 5-dinitro-p-toluidine, diazotized in the
manner already described, was dropped in
small amounts into-a well-cooled and stirred
solution of cuprous chloride ( 3 gm.) in 10 c.c.
concentrated hydrochloric acid and 5 c.c. of
water. After addition was complete, the
mixture was agitated for an hour without
cooling and then warmed on a water bath
to 80°C. It was then removed and distilled
in steam, when a yellow solid came over in
the distillate. After chilling the latter in
an ice chest for a while, the solid was filtered
off and dried; yield, 08 gm. On crystal-
lization from 93 per cent ethyl alcohol, yellow
rectangular plates of 4 :5-dichloro-2-nitro-
toluene separated out, m.p. 63°-64°C. Found:
nitrogen, 698 per cent; C,HyNOCl; re-
quires nitrogen, 6'8 per cent. On reduction
with tin and hydrochloric acid, 4 : 5-dichloro-
o-toluidine resulted ; m.p. 101°C.

Summary

On diazotizing 3:4-dinitroaniline and 2: 5-
dinitro-para-toluidine in hydrochloric acid,
the nitro group in para and ortho position
respectively to the diazo group was found to
be replaced by chlorine. The observation
relating to the behaviour of 2 : 5-dinitro-p-
toluidine has made necessary a modification
of the conditions laid down by Meldola et al.
for the occurrence of similar eliminations
from substituted dinitroanilines. In addi-
tion, a close analogy seems to exist be-
tween these replacement reactions and those
that are observed in o- and p-dinitroben-
zenes, which has been brought out clearly
when explained in terms of electronic con-
cepts.

Our grateful thanks are due to the Council
of Scientific & Industrial Research, India,
for a grant which defrayed the expenses of
this investigation and for kind permission
to publish the results.
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Elimination of the Nitro Group
in the Process of Diazotization
of 3-Chlor-4,6-Dinitroaniline in
Hydrochloric Acid —Part II

B. B. DEY, R. KRISHNA MALLER & B. R. PAI
Presidency College, Madras

Replacement of both the nitro groups by
chlorine takes place not only when 3-chlor-4,
6-dinitroaniline is diazotized in hydrochloric
acid but also on merely heating the compound
with concentrated hydrochloric acid.

chlornitranilines like 2 and 3-chlor-4-

nitranilines in hydrochloric acid solu-
tion proceeds normallyl2, the presence
of a second chlorine atom in these
nitranilines, occurring in the para position
with respect to the first, has been reported
to give abnormal products under the ordinary
conditions of diazotization. Thus, in the
case of 2, 5-dichlor-4-nitroaniline, Holleman
and Haeften3 observed that the diazotization
of the amine in the usual way in hydro-
chloric acid solution in the presence of
cuprous chloride, and decomposition of
the diazo solution with Gattermann copper,
led not to the expected 2, 4, 5-trichlornitro-
benzene, but to a tetrachlorobenzene
(1,2, 4,5) instead (I). Similarly, on treat-
ing in the same way its ortho-nitro isomer,
viz. 2, 5-dichlor-6 nitraniline, they reported
the formation mainly of 1,2, 3, 4-tetra-
chlorobenzene (II).

Later, Dey et al.* made an analogous obser-
vation during the diazo replacement by
iodine of the amino group in 2, 5-dichloro-4-
nitraniline. They noticed that when the

A. LTHOUGH diazotizations of mono-
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latter was diazotized in a hydrochloric acid
solution and treated with potassium iodide,
a product was obtained, free from nitrogen,
which, on closer examination, proved to be
identical with 2, 4, 5-trichlor-1-iodobenzene.

It will be observed from the foregoing
changes that the nitro group suffering eli-
mination and replacement by halogen has
been either in ortho or para positions to the
diazo group. These results constitute, there-
fore, a close parallel to the observations
recorded by Meldola and his co-workers® who,
in connection with their studies on the eli-
mination of the nitro group from diazotized
dinitro-anisidines, had noticed that the dis-



DEY et al.: ELIMINATION OF NITRO GROUP IN THE PROCESS OF DIAZOTIZATION

NH, i

Ccl
—_—

Cl

Cl

Cl

NO Ccl

2

placed nitro group is either in the ortho or
the para positions with respect to the diazo
group. In addition, they had also postulated
that there should be a second nitro group
adjacent to the one which is displaced.

While Holleman and Haeften? had failed
to note the connection between their own
observation and that of Meldola, Dey et al.
(loc. cit.) first pointed out the close analogy
existing between the two sets of reactions
and also suggested that Meldola’s general
principle might be extended by postulating
that the group adjacent to the nitro group
displaced need not necessarily be a second
nitro group but may even be a chlorine
atom. Further, since normal diazotizations
occur in the cases both of 2-chlor and 5-
chlor-4-nitranilines even in the presence of
hydrochloric acid!?, it is evident that the
peculiar behaviour of 2, 5-dichlor-4-nitra-
niline towards the diazo reaction can be
attributed only to the combined influences
of both the chlorine atoms occurring in para
position to each other in the molecule. The
suggestion was, therefore, natural that the
presence of groups like methoxyl and ethoxyl
might produce similar effects in substituted
nitranilines. This led to a study of the
literature on the subject which showed,
however, that compounds like 2, methoxy-5-
chloro®, 2-chloro-5-methoxy” and 2, 5-dime-
thoxy-4-nitranilines® behaved normally on
diazotization in hydrochloric acid.

A study of the effect, if any, produced
by the replacement of one of the chlorine
atoms in 2, 5-dichlor-4-nitraniline by a nitro
group on its behaviour during diazotization,
therefore, seemed to be of interest. Of the
two such possible compounds, one, viz. 2-
chlor-4 : 5-dinitraniline (I), should obviously

NH,, NH, NHp
O 0CH Q c1 O ocH,
c1 CH.0
1 YG, % 3
I

NOy
1 T

undergo elimination of the nitro group in
the 4th position irrespective of the influence
of the halogen atom in it, according to the
postulates of Meldola and his co-workers
(loc. cit.). Moreover, it has already been
shown in part I of this series that 3, 4-
dinitraniline, when diazotized in hydro-
chloric acid, has its nitro group in position 4
replaced by halogen. There remains, there-
fore, only the other possible compound, viz.
3, chlor-4, 6-dinitraniline (II), to be investi-
gated.

NHZ Nﬂz
: c1 Q,Nog
c1 Cl :
N02 NOZ .
¥ I

This compound has been described by
Nietzki and Schedler® and later by Fries
and Roth!® who both obtained it by the
same method, viz. the action of alcoholic
ammonia on 4, 6-dichloro-1, 3, dinitrobenzene.
Later, Nietzki and Zanker! claimed to
have prepared it from 5-chlor-1, 2, 4-trinitro-
benzene by the same method. Since these
methods required the preparation of the
intermediates themselves by the chlorination
or nitration of suitable benzene derivatives,
a more convenient and simple process ap-
peared to be to start with mefa-chloracet-
anilide and dinitrate it in one step to the
required compound. This has been accom-
plished by a modification of the process by
Kehrmann and Stanoyevitch!2, the modified
procedure consisting in the employment
of a mixture of nitric acid (4, 1°52) and
oleum (12 per cent). Certain drawbacks
of the Kehrmann method are discussed in a
previous publication?3,

The diazotization of 3, chlor-4, 6-dinitrani-
line in a mixture of glacial acetic and
hydrochloric acids and treatment of the
diazonium solution with cuprous chloride
( Sandmeyer reaction ) resulted in a product
which was found to be free from nitrogen
and which was later identified to be 1, 2, 4, 5-
tetrachlorobenzene.  This was surprising
since it implied the simultaneous displace-
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ment of both the nitro groups during diazo-
tization. A similar formation in small
quantities of tetrachlorobenzene during
the Sandmeyer reaction on 3-chlor-4, 6-di-
nitraniline had also been observed by Hodg-
son!4, but the main product in his experi-
ments was a trichloronitrobenzene. Further
confirmation for the total elimination of the
nitro groups from 3-chlor-4, 6-dinitraniline
was obtained when its diazonium chloride
solution was on the one hand coupled with
B-naphthol and on the other hand treated
with potassium iodide. The former gave a
dye which analysed correctly for trichloro-
benzene-azo-8-naphthol, which on reduction
gave 2, 4, 5-trichloraniline identified by its
benzoyl derivative and also by analysis.
The latter treatment yielded a product
which proved to be 2,4, 5-trichloro-1-iodo-
benzene, being identical with that obtained
by Dey et al. (loc. cit.) as a result of the
diazo displacement by iodine of the amino
group in 2, 5-dichlor-4-nitraniline.

NHy c1
ONOZ DIAZOTISATION IN O,Cl
c1 HCl+Cu2012 c1
NO, 1

Apart from its behaviour on diazotization
3-chlor-4, 6-dinitraniline affords a unique
example of a nitro compound which splits
off its nitro groups on merely heating its
solution in a mixture of glacial acetic and
hydrochloric acids to 100°C. Nitrous fumes
were evolved with effervescence and this
was observed to continue even after the
heating was discontinued. In the resulting
solution the presence of both 1,2,4,5-
tetrachlorobenzene and- 2, 4, 5-trichloroani-
line were detected. It is, therefore, seen
that mere heating of the compound with

):j No,

a

DIAZOTISATION IN
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hydrochloric acid is enough to eliminate
both the nitro groups and replace them by
chlorine, thereby giving rise to 2,4, 5-tn-
chloraniline which in its turn is partly
diazotized by the nitrous acid originating
from the displaced nitro groups, the result-
ing diazonium group being replaced by
chlorine to yield 1,2,4,5-tetrachloroben-
zene. The new observations furnish an
interesting and rare example in organic
chemistry of consecutive reactions, the pro-
ducts of one serving to continue the other.

Experimental Procedure

Preparation of 3-chlor-4, 6-dinitraniline —
25 gm. of meta-chloraniline hydrochloride,
treated with a little over one mole of acetic
anhydride and refluxed for 1} hr., was
poured into crushed ice and the acetamido
compound separating removed and purified
by washing with dilute sodium carbonate
solution ; yield of dry product, 197 gm.
(763 per cent of theory); m.p. 78°-79°C.

10 gm. of pure, dry m-chloracetanilide
were added, a little at a time, to a well-
stirred mixture of 7 c.c. concentrated nitric
acid (d, 1'52) and 17'5 c.c. of 12 per cent
oleum kept at 0°-5°C. On completion of
addition (1 hr.), the mixture was stirred
for 1 hr. at ice-cold temperature and then
poured in a thin stream into crushed
ice (300 gm.). The mass was stirred for
some time and the acid liquors decanted.
The sticky solid left was washed with more
water and finally treated with about 300 c.c.
of cold water and mechanically agitated
(1hr.) till it had granulated. It was then
filtered off, washed with a little cold water
and allowed to dry in air.

The crude nitration product ( 14 gm.) was
crystallized from alcohol ( 93 per cent ). The
crystals were filtered off and pressed free
from mother liquor and then dried in
a calcium chloride desiccator. The dark

NACO.C

C1
c1 Ac,O cl ¥
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brownish-yellow crystals thus obtained ( 64
gm.) were treated with a mixture contain-
ing 16 c.c. of concentrated sulphuric acid
and 96 c.c. of 50 per cent alcohol and refluxed
gently for 2 hr. It was then allowed to
crystallize first at room temperature and
then in the frigidaire overnight. The free
chloro-dinitro base separating was filtered,
pressed and allowed to dry in a calcium
chloride desiccator (yield, 47 gm.). On
crystallization from 93 per cent alcohol,
pure 3-chloro-4, 6-dinitraniline separated out
as brownish-yellow needles; yield, 3 gm.
(235 per cent of theory); m.p. 174°C.

2,4, 5 - trichlorobenzene - azo - B - naphthol—
1 gm. of 3-chloro-4, 6-dinitraniline suspended
in a mixture of 10 c.c. concentrated hydro-
chloric and 10 c.c. of glacial acetic acids was
heated to 100°C. when complete dissolution
took place accompanied by effervescence and
evolution of reddish fumes. It was then
cooled to room temperature, filtered and the
clear solution, kept agitated mechanically
in an ice bath, was treated rapidly with 0-4
gm. of sodium nitrite in the minimum amount
of cold water. Allowing 10 min. for com-
pletion of diazotization, the solution was
treated with urea and the clear diazonium
solution obtained by filtration. It was
then added dropwise to an ice-cold solution
of 0'8 gm. B-naphthol in 50 c.c. of 30 per
cent caustic soda ( aq.) and kept well stirred.
After addition, the contents of the flask
were kept stirred in the cold for an hour,
then diluted and the precipitated red dye
filtered off. It was washed free from alkali,
then ground up with dilute hydrochloric
acid, filtered and washed again. The air-
dried dye, on crystallization from ethyl
acetate, was obtained as dark-red sheaves of
needles ; yield, 075 gm.; m.p. 197°-98°C.
Found : nitrogen, 76 per cent ; C,H,ON,Cl,
requires nitrogen, 7-95 per cent.

Reduction of the Dye to 2,4, 5-trichlorani-
line— 05 gm. of 2, 4, 5-trichlorobenzene-azo-
B-naphthol was reduced in the usual man-
ner and after reduction basified and steamed.
The distillate on cooling in the frigidaire
gave 03 gm. of 2, 4, 5-trichloraniline. On
crystallization from ligroin, it melted at
95°-96°C. and formed an acetyl derivative,
m.p. 189°C. ( crystallized from ethyl alco-
hol). Found: nitrogen, 6:0 per cent ;re-
quires nitrogen, 5-87 per cent.

Preparation of 1, 2, 4, S-tetrachlorobenzene—
1 gm. of 3 chlor-4, 6-dinitraniline was diazo-
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tized in the manner previously described
and the clear diazonium solution poured
dropwise into a well-cooled and stirred
solution of cuprous chloride (3 gm.) in
10 c.c. of concentrated hydrochloric acid
and 5 c.c. of water. After the addition
was complete, the mixture was stirred for 1
hr. at room temperature and then for a
few minutes at 80°C. It was then diluted
and distilled in steam. The distillate on
cooling in frigidaire yielded a white solid
(06 gm.). On crystallizing it from a
mixture of ethyl alcohol (absolute) and
benzene (1:1), 1,2, 4, 5-tetrachlorobenzene,
m.p. 140°C., separated out as needles.

Preparation of 2, 4, 5 - trichloro - 1 - todoben-
zene— 1 gm. of 3-chlor-4, 6-dinitraniline
was diazotized in the manner already des-
cribed and the clear diazonium solution was
treated dropwise with a solution of 0-75 gm.
of potassium iodide in 2 c.c. of water.
The mixture was stirred for 1 hr. at room
temperature and then slowly heated to 80°C.
After cooling, the solid was filtered off,
ground up with dilute alkali, filtered again,
washed and crystallized from alcohol.
05 gm. of the pure 2,4, 5-trichloro-1-iodo-
benzene was obtained ; mixed m.p. with
an authentic sample, 106°C. (no depres-
sion ).

Action of Hot Hydrochloric Acid ( Concen-
trated ) on 3-chlor-4, 6-dinitraniline — 1 gm.
of 3-chlor-4-6-dinitraniline was heated in
a round-bottom flask (100 c.c.) with a
mixture of 10 c.c. glacial acetic and 10 c.c.
of concentrated hydrochloric acids. Efferves-
cence was noticed to commence at 98°-100°C.
when the flask was removed from the flame.
Even after, the effervescence continued,
evolving reddish-brown fumes, which turned
a wet starch iodide paper blue. When the
effervescence had ceased, the contents of
the flask were steamed and the distillate
collected and cooled in frigidaire when a
white solid separated out (02 gm.). On
boiling this solid with a little tin and hydro-
chloric acid for 1 hr., a portion went into
solution. It was filtered off, washed with
water and crystallized from ethyl alcohol-
benzene (1:1) mixture; melting point
with an authentic sample of 1, 2, 4, 5-tetra-
chlorobenzene 140°C. ( no depression ).

The filtrate was basified and steamed
when 0'1 gm. of a steam volatile product
was obtained which, on crystallization from
ligroin, melted at 95°C. and did not depress
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the mixed melting point with a sample of
2, 4, 5-trichloraniline.

The original solution remaining after the
removal of steam volatile constituents con-
tained a little resinous matter which was
filtered off. The filtrate, on diazotization
and coupling with B-naphthol in the manner
already described, yielded a dye (0'5 gm.)
which on reduction gave a base which
was identified to be 2, 4, 5-trichloroaniline
(acetyl derivative, m.p. 190°C.).

Summary

3-chlor-4, 6-dinitraniline on diazotization in
hydrochloric acid medium has been shown to
suffer elimination of both the nitro groups
and their replacement by chlorine. Mere
heating the compound with hydrochloric acid
has been found to produce the same result.

Our grateful thanks are due to the Council
of Scientific & Industrial Research, India,
for a grant which defrayed the expenses

of this investigation and for kind permission
to publish the results.
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Chim.

Separation of Argemone &
Mustard Seeds by Air Elutriation

SURAJDEO PRASAD
Industrial Research Laboratory, Patna

A method based on the principle of air
elutriation has been developed for separating
mustard seed from commercial adulterated
samples containing argemone. The condi-
tions for efficient separation and for securing
maximum yields have been worked out.

areas in which mustard oil is con-

sumed has been attributed to the
presence in commercial mustard oil of
argemone oil containing the alkaloids san-
guinarine and dihydrosanguinarinel2, The
presence of the toxic oil is due to the cir-
cumstance that mustard seeds (Brassica
juncea Coss. and B. campestris Linn. Ver.
Sarson Prain ) used for the expression of oil
are sometimes found admixed with argemone
seeds ( Argemone mexicana). Chemical me-
thods have been suggested for the effective
separation of the toxic alkaloids® and so
rendering the commercial oil harmless. A
more rational and a simpler method would

EPIDEMIC dropsy prevalent over wide
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be to eliminate the argemone seed from
adulterated mustard seed before extracting
the oil from the latter.

The air elutriation method worked out
for the separation is based on the principle
that when a mixture of the two seeds is
confronted with an air current moving
vertically upwards with a velocity inter-
mediate between the settling velocities of
the two, the seed with a lower settling
velocity is carried upward, while that with a
faster settling velocity comes down.

The theory of elutriation has been dis-
cussed by various authors#®. Under the
conditions of eddying resistance, if a particle
of density p, and diamter D settles down
in a fluid of density p, then the velocity V
of fall of the particle is given by the equa-
tion :

V=K\/g%)(pl——p) .................. (1
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where K is a constant and g is the accelera-
tion due to gravity.

This relationship is true when the particles
settle freely. If interfering particles are
present, as in the present case, the settling
is hindered. If p, representing the apparent
density of solid-air mixture, is small in
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comparison to p;, then equation (1) may be
written as:

Vay/Dpy

It will be apparent that when a mixture

containing mustard and argemone seeds is

subjected to the air elutriation, the percen-

tage of mustard recovery depends upon the

difference in the average values of 4/Dp, for
the two seeds.

Procedure

The elutriator (F1c. 1) was constructed
by joining an inverted U-tube, 0-5” internal
dia., to a tube 0'625” internal dia. The
feed for the mixture was slightly widened to
avoid choking. A water manometer (T)
to measure the pressure drop was provided
below the point where the air enters. The
lower end of the elutriator was fitted with
rubber tubings and pinch cocks ( P, and Pg).

Air was blown in from an adjustable }
h.p. blower fitted with a flow gauge. The
mixture of argemone and mustard seeds
was fed through a conical funnel conti-
nuously at a rate controlled by adjusting
the pinch cock (P,). A mild tapping of the
hopper was sometimes necessary to prevent
choking.

The blower was adjusted to give the
optimum air velocity for separating mustard
seed. The Reynold number of the air
flow in the elutriator was kept above the
viscous range. When a mixture of the two
seeds is fed, the argemone seed collects in
the range AB, and the mustard seed in the
range BC. Any mustard seed (except the
undersized ones ) which may be carried to
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<
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[\
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F1G. 1 — THE ELUTRIATOR.
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the range AB gradually comes down. As
soon as the mustard seed reaches C, its
velocity of fall increases due to the lower
air velocity in the range CD.

The elutriator can be operated conti-
nuously and the separated seeds drawn out
by alternately releasing P, and P,.

Resulfs

The results obtained with black and
yellow mustard seeds collected from differ-
ent regions in U.P. and Bihar are given
in Table I. The physical characteristics
of the mustard seeds are given in Table II.
Two varieties of argemone seeds obtained
from north and south Bihar were used as
adulterants. The average density, diameter
and weight of the two samples of argemone
are given in Table IIIL.

There is a small but definite difference in
the diameters and densities of mustard and
argemone seeds. These differences are main-
tained even after partial drying of the seeds,

RES,, V. 10B, 1951

TABLE III — PHYSICAL CHARACTERISTICS OF
ARGEMONE SEEDS
SOURCE

DENSITY AV. DIA,, AV. WT. OF

cm. EACH SEED, v/ Dp,
gm. x 10°*
North Bihar 0-949 0-152 1-789 0-382
South Bihar 0-907 0-159 1-896 0-380
Freshly Harvested
Bihar 1:305 0-143 2:183 0-432

thus making possible the separation of the
seeds.

The percentage of mustard seeds recovered
by separation is given in Table I.  The loss
is usually due to undersize seeds and dirt.
Fig. 2 gives the percentage of mustard seed
recovered in relation to the average value
of 4/Dp,. It will be seen that the recovery
is a maximum when the difference between
v/Dp, values for mustard and argemone
samples is a maximum.

A pilot plant has been designed on the
basis of data obtained in this investigation.
The elutriator described here can be employed

TABLE I —MUSTARD SEED RECOVERED FROM ADULTERATED SAMPLES
Air velocity varied according to sample from 225 to 372 cm.[sec. ; Reynold number 2165 to 3350

MUSTARD SEED SOURCE OIL CONTENT, ARGEMONE SEED MUSTARD SEED
% IN ADULTERATED RECOVERED,
SAMPLES, %
Partially Dry
Black and yellow mixed Bahjoi, U.P. 44 8-7 99-62
Black (Rai) Khagaria, Bihar 10-0 78:5
Yellow Saran, Bihar 8-6 94-5
Black (Lahi) Bhartua, U.P. 38 31-8 965
Yellow Chandausi, U.P. 47 117 995
Black (Lahi) Safidone Mondi, U.P. 32 145 96-8
Black (Rai) Mangra Badshahpur, U.P. 38 8:6 92-9
Yellow Chandausi, U.P. 44 10-8 97-3
Yellow 17:0 920
Black (Rai) Mirjanhat, Bhagalpur 36 9-4 719
Freshly Harvested
Yellow Bihar 47-2 99-0
Black Bihar 450 98-0
TABLE II — PHYSICAL CHARACTERISTICS OF MUSTARD SEED
MUSTARD SEED SOURCE DENsITY AV. DIA,, Av. wT. 4/ Dp,
cm. PER SEED,
gm. x 10-*
Partially Dry
Black and yellow mixed Bahjoi, U.P. 1-070 0-:210 5-417 0-482
Black (Rai) Khagaria, Bihar 1-169 0-166 2-818 0-438
Yellow Saran, Bihar 1-112 0-183 35683 0-451
Black (Lahi) Bhartua, U.P. 1-128 0-198 4:634 0-472
Yellow Chandausi, U.P. 1:082 0-213 55657 0-481
Black (Lahi) Safidone Mondi, U.P., 1-116 0-191 4-118 0-463
Black (Rai) Mangra Badshahpur, U.P. 1-142 0-182 +683 0-455
Yellow Chandausi, U,P. 1-010 0-216 5+350 0-467
Yellow 1-016 0-182 3-683 0-447
Black (Rai) Mirjanhat, Bhagalpur 1-149 0-159 2-407 0-427
Freshly Harvested
Yellow Bihar 1-337 0-169 3-378 0-475
Black Bihar 1-303 0-162 3-101 0-474
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for determining the extent of adulteration
in representative samples of commercial mus-
tard seeds.
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Letters to the Editor

PERIODATE OXIDATION OF DYESTUFFS
CONTAINING THE HYDROQUINONE
GROUPING

WHILE ANALYSING DIAMINO ACID PHOS-
photungstate solutions made up with dil.
sod. hydroxide ( alkaline to Alizarin Red S)
for hydroxylysine by the periodate oxidation
technique of Van Slyke!, it was constantly
observed that the indicator, instead of re-
maining purplish violet at the reaction
employed, turned to a pale yellow-brown

on the addition of periodic acid . solution.
It was further noted that the property of
the dyestuff as an indicator had been des-
troyed. Alizarin Red S has the formula
1, 2-dihydroxy anthraquinone-3-sulphonate
and acts as an indicator in the pH range
37 to 4°2.

It was initially suspected that the oxida-
tion might be a case involving the scission
of the ring between the two hydroxyl groups,
as occurs, for example, with hexahydroxy-
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cyclohexane (inositol )3. However, we were
led to examine whether this-oxidation may
not be simpler and similar to that effected
by alkaline ferricyanide and other mild
oxidizing agents. For this the absorption
characteristics of the periodate oxidized
dyestuff were compared with those of the
ferricyanide oxidized dyestuff in the visible
range of the spectrum using the Coleman
No. 14 spectrophotometer. There was a
close similarity between the two ( F1c. 1).

100 |

80

9% ABSORPTION
L o
o o

N
o

o N N n 4
440 520 600

WAVELENGTH mu

680

Fi1c. 1 — ABSORPTION CURVES: A, ALKALINE
FERRICYANIDE OXIDIZED ; B, PERIODATE OXIDIZED;
C, ArLizarRIN RED S.

For the comparison 05 c.c. of a 0-5 per
cent soln. of the dyestuff oxidized with 1-2
c.c. of a 10 per cent soln. of ferricyanide and
0°5 c.c. of a 0-5M soln. of periodic acid were
used. The total vol. was 20 c.c., the con-
centration of free alkali in each case being
equivalent to 2:6 c.c. of 2N NaOH. Read-
ings were taken, at this high alkaline pH, at
10mp. intervals against appropriate blanks.

Apparently, the oxidation proceeds to the
quinone stage and no dissociable coloured
salts are formed at the particular hydrogen
ion concentration. Thus 1, 2-dihydroxy-
anthraquinone-3-sulphonate gets oxidized
to 1, 2-9, 10-anthradiquinone-3-sulphonate :

o
co OH coO R,
OH 2
HIO,
s0sNa SOzNa
co co
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These experiments have been repeated
with Alizarin Yellow, Alizarin Orange, Quini-
zarin, Gallein, Purpurin, etc. The close similar-
ity between the absorption curves rule out the
possibility of any blocking effect due to esteri-
fication of the OH- groups by para-periodic
acid, etc., and obviously the anthraquinone
part of the molecule is left intact asis the case
with other mild oxidizing agents. Hence, the
observed oxidation of Alizarin Red S is a
case of oxidation of the o-catechol type of
grouping to the o-quinonoid grouping ; in
other cases it is oxidation of the hydro-
quinone grouping to the quinonoid group-
ing. One mole of periodic acid makes
available one atom of oxygen for this oxida-
tion, which is instantaneous in the alkaline
medium.

The above is in agreement with Criegee’s
surmise? that periodic acid can dehydro-
genate hydroquinone, even though it is
incapable of effecting additions, substitutions
and dehydrogenations characteristic of lead
tetra-acetate oxidations. However, while
the periodic acid oxidation of compounds
having the a-glycol, a-amino-alcohol struc-
ture, etc., is well known and made use of in
diverse analytical techniques, the oxidation
of the o-catechol type of grouping to the
o0-quinonoid, and of the hydroquinone struc-
ture to the quinonoid, has not so far been
demonstrated.

Acknowledgement

Thanks are due to Dr. B. B. Dey for his
kind interest in this investigation.

L. K. RAMACHANDRAN
P. S. SArRMA

University Biochemical Laboratory
Madras
March 17, 1951

1. Van SLyke, D. D., HiLrLer, A. & Mac-
FADYEN, D. A.: J. Biol. Chem., 1941, 141,
681.

2. CRIEGEE, R.: Newer Methods of Preparative
Organic Chemistry ( Interscience Co.), 1948,

p. 1.
3. Jackson, E. L.: Organic Reactions ( John
Wiley & Sons ), 1944, II, 341.



THE LARGEST BRITISH
ELECTRICAL MANUFACTURING
ORGANISATION

Pioneers in every phase of electrical development

———j
Four 37,500 kVA, 1.8
kV, 3,000 r.p.m. G.E.C.
turbo-alternators at
Meaford Power Station,

BEA.
S

POWER PLANT

Turbo-Alternators — Hydro-Electric Plant
Generators for Steam or Diesel Engines
and all types of Prime Movers
Turbo-Compressors & Turbo-Blowers.

THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND
Represented by THE GENERAL ELECTRIC COMPANY OF INDIA LIMITED

Bombay s Calcutta » Delhi » Kanpur » Madras « Bangalore « Coimbatore » Secunderabad

&\ Also represented in Karachi » Lahore = Chittagong » Rangoon j//

—




BAUSCH & LOMB
MICROSCOPES

FOR

INDUSTRY

CHEMICAL
METALLURGICAL
POLARISING
SHOP

TOOLMAKER’S
WIDE FIELD

Models for all
types of Observation
and Control

Photomicrographic
Equipments
available

ILLUSTRATED CATALOGUES OF

BAUSCH & LOMB INSTRUMENTS

FOR INDUSTRY AND RESEARCH,
POST FREE, FROM THE

SOLE AGENTS -

MARTIN & HARRIS LTD

SCIENTIFIC DEPT.,
Wallace’St, Fort, Bombay 1.

Printed by H. JAcQUEMOTTE, S.]J., at the Catholic Press, Ranchi, ‘l n(liu‘ ] o .
Published by the Council of Scientific & Industrial Research, India. Editor: B. N. Sastri, M.Sc.



	Journal of Scientific and Industrial Research 1951 Vol.10 No.6

	Contents

	Preparation of Scientific Papers
	Characteristics of the Ionosphere over Calcutta (March 1951)

	Centenary Celebrations of the Geological Survey of India

	Bauxite Deposits in Orissa

	Experimental Salt Farm & Salt Research Station, Wadala
	Condensation of Saturated Vapours - Part II
	Cell Pulp in Inorganic Chromatography

	Food Processing & Preservation - Some Recent Developments

	Metallization & Electroplating of Wood, Glass & Plastics

	Non-Technical Notes
	Reviews
	Notes & News
	Progress Reports
	Indian Patents
	Contents

	The Ionospheric Polarization of Low Frequency Radio Waves
	Elimination of the Nitro Group in the Process of Diazotization of 3, 4-Dinitraniline & 2, 5-Dinitro-P-Toluidine in Hydrochloric Acid - Part I 
	Elimination of the Nitro Group in the Process of Diazotization of 3-Chlor-4, 6-Dinitraniline in Hydrochloric Acid - Part II 
	Separation of Argemone & Mustard Seeds by Air Elutriation
	Letters to the Editor
	Periodate Oxidation of Dyestuffs Containing The Hydroquinone Grouping



