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!
| The Sixteenth British Commonwealth Lecture, The Story of Indian Air Transport, by
Mr. J. R. D. Tata, Chairman of Air-India International, was given before a distinguished
audience on 18th November 1960 at the Institution of Mechanical Engineers, Birdcage Walk,
London, 5.W.l.
The President of the Society, Dr. E. S. Moult, C.B.E., B.Sc., F.R.Ae.S.,, M.I.LMech.E,,
presided at the meeting. Before introducing the Lecturer the President explained that hitherto
I the election of Fellows had been 1nitiated by the Coubpcil and announced once a year but,

under the new By-Laws, Fellowship was to be regarded as a posihon which could be
attained by any qualified member who had reached a position of eminence and responsibality
in the professiocn of aeronautics. At the same time it had been decided that the announce-
ment of such elections should be made not just once a year, but on occasions such as this.

The pames of 22 members who had been clected to Fellowship since May 1960 were
then read out by the Secretary. (These names were published in the December Journal—Ed.)

After congratulating the new Fellows, Dr. Moult said that the British Commopwealth
series Oof lectures started at the end of the War in 1945, and had continued asnually untl
the present day. Throughout the years they had had a series of outstanding lectures on
subjects associated with aeronautics in the Commonwealth, given by most distinguished
lecturers. The stature of this lecture was set for all time in 1954 when His Royal Highness
The Duke of Edinburgh addressed them on “Awiation and the Development of Remote Arcas™.
Now they were to hear about the growth of aviation in one of the great members of
the Commonweaith. Air Transport in India was now thirty years old and there was no {
one more suited to tell the story of that thurty years than their lecturer, Mr, J. R, D, Tata.

Mr. Tata had been actively associated with this development all his working life. Indeed,
it was true to say he had had a major part in it He learned to fiy in 1929 and personally
flew the first scheduled transport service mn India i 1932, He had been asscciated with
aviation throughout zll these years and a few years ago was president of [.AT.A., the
International Air Transport Association; he was now Chairman of Aw-India International.
{ He had great pleasure in askmg Mr. Tata to give the Sixteenth Briish Commonwealth

lecture, ** The Story of Indian Air Transport.”

HE STORY of Indian Air Transport can con-

veniently be divided into three periods. First, the
early days up to and including the Second World War,
then the stormy post-war years from 1946 to 1953 when
the industry showed the pgreatest development and
vitality while flying headlong towards its own ruin, and
finally the present era since nationalisation in August
1953,

PART 1
The Early Beginnings

While some 1in India may claim that passenger air
trave], although admiftedly on a somewhat limited
scale, really began with the Flying Gandharvas of
Hindu Mythology, I shall content myself with the his-
toncal fact that this great business of air transport,
which today plays such a vital role in world commerce,
travel and commuaications, was born 1n India when,
on the 18th of February 1911, and therefore about four
mouths before the first mail flight took place in Eng-
land from Hendon to Windsor Castle as part of the
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celebrations for the coronation of King George V, Mr.
Henri Piquet, flying a Humber bi-plane, carried mails
by arrangement with the local postal authonties from
the exhibuion grounds at Allahabad to Naini Juncton,
some six miles away. The mais were duly delivered
in thirteen minutes. It is worth noting, incidentally.
that this flight was organised by the same Captain
Wyndham, later Commander Sir Walter Wyndham, who
was responsible for the subsequent Coronation mail
flight and was thus the real founder of the air mad.
This commendable picce of ploneering enlerprise on
the part of the Indian Postal authorities, coupled WI[h
the passing in the same year of an Act regulating
considerable detad the flight of atrcraft over Indian
territory at a time when (he motor car was stil &
novelty, shows that the Government of India was then
one of the most air-minded Governments in the world.
It also seerns to have been eahausied by thiy twin
effort for, except for adherence to the Iutcumtiupui
Convention on Air Navigation 1n October 1919, nothung
romotely connected with air transport happened m ladsa
until after the Fist Wold Wiar,  Proposals  for
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By courtesy of Mr. 1. S. Parakh
A posi-card carrred on the World's First Air Mail flight.

Fraure 1 (hedoni; 18th February 1918: Mr. Henri Piquet in
the Humber tiplane m which he carried. from Allshabad to
N the World's First Air Mail

establishing an air senvice between Cairo and Karachi
were then the subject of discussion between London and
Delhi. and India agreed to contribute half the cost of
mainwining aecodromes at Bushire. Bunder Abbas and

Chahbar. The abandonment of this scheme. because
of unsettled conditions in Arabia and Irag at the time,
saved the country expenditure of no less than £200 per
year representing half the amount vriginally committed.

Things were pleasantly quiet again for some years.
until in 1925 the British Air Munistry contracted with
Imperial Airways to operate regular services between
London and Karachi. The first segment 10 Cairo was
inaugurated early that year and the time for India to
become a vital link in Empire and Commonwealth
communications was suddenly near at hand.

The Indian Air Board. an advisory committee of
senior officials of the Government of India. which had.
it seems, distinguished itself mainly by total inaction
since its formation in 1920, was galvanised into feverish

activity. In 1926 it submitted to Government a Te-
markable memorandum which also bappened to be its
swan song as its own dissolution was one of its recom-
mendations. The Board's memorandum, entitled ** The
Past History and Future Development of Civil Aviation
in India.” although written thirty-four years ago, makes
fascinating reading to this day. After contrasting
lndia’s neglect of commercial aviation up to then with
her admirable suitability for the development of “Aerial
Transport ™ and her strategic geographical position as
*an all important hnk in future air communications
in any air route between Great Britain and her Eastern
Dominions.” the Board made a number of specific recom-
mendations. aimed at ensuring the rapid development
of civil aviation within India and its participation in
external air services. These included proposals for:
(@) estublishing landing grounds and other ground
facilities:
(b) the whole-time appointment of a Director of
Civil Aviation:
(¢} a systematic survey of main trunk routes: and
(/) the 1nauguration of an air service between
Calcutta and Rangoon and the grant of a subsidy
to the Company entrusted with its operation.

The most remarkable recommendation. however.
although in my view not the most sensible was that
Government should. from the start. ™ put forward its
claim to participate as a principal in contracts for ex-
ternal air services and intimate their readines~ to share
in the financial labilities of such contracts.™ The Board
predicted that unless Government was prepared to take
positive action on those lines. “the whole of aerial
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transportation in India would fall and be comcentrated
in foreign hands, Indian capital and enterprise would be
ousted, and effective control of Indian interests would be
difficult or impossible to achieve.” * Unless India,”
warned the Board in a refreshing deparfure from
‘ officialese,” “ to some extent pays the piper, she will
not be able to call even part of the tune.”

The Board’s recommendations were approved by
Government and the Indian Legislative Assembly in
February 1927, and Mr. Francis Shelmerdine (later
Sir Francis and D.G.C.A. in England) was appointed
in 1927 India’s first Director of Civil Aviation. Among
the approved recommendations was the decision that
India must participate “ as a principal,” i.e. operation-
ally and financitally, in any British through service across
India. This brave but impractical decision failed to
take into account the technical, administrative and eco-
nomic realities of long range international air operations.
It seems obvious today that the Imperial route to Aus-
tralia, 12,000 miles long, cutting across four Continents
and as many seas, could not be split up into separate
pieces under separate ownership and control without
a great deal of trouble, complications and loss of
efficiency.

A puzzling aspect of the matter was Britain’s accep-
tance of India’s insistence on full participation over the
Indian sector of the through route to Australia, because
such participation could not be achieved without inter-
fering with the efficient operation of this great imperial
alr route and without ultimately leading to a denial to
the British airline on this route of facilities and rights
which would have to be granted sooner or later to other
European carriers. This did in fact happen with the
Dutch in 1930 and the French in 1931, both of whom
were allowed to operate through India with normal
raffic rights, their services to Indonesia and Indo-China
respectively. That such a situation was allowed to be
created at a time when Britain’s control over India was
supreme, does credit to the democratic and liberal spirit
of the British administration in both coun-
tries in those days, but not to their judgment,
Viewed in retrospect, it provides an inter-
esting flashback to imperial policies of the
time and to the strains involved in an at-
tempt to make bed-fellows of liberalism and
colonijalism.

Not having access to the original files and
correspondence between London and Delhi,
I can only attempt an intelligent guess as to
what subsequently happened. Committed
up to the hilt to the principle of active opera-
tional and financial participation, the painful
moment for action came to the Govern-
ment of India on 7th April 1929, when
Imperial Airways’ London-Cairo service was
first extended to Karachi, and the Imperial
line to Australia thus reached the shores of
India. The extension of the service to Delhi

Fuguae 2. Air Routes in 1929,
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as a first step towards Calcutta and Singapore could no
longer be delayed.

Government had already created, at least on paper,
an entity called the Indian State Air Service, but had
failed up to then to cover its bones with the flesh of
organisation and equipment. It would seem that, faced
with the dilemma of either admitting a mistake and
seeking a reversal of policy from the then Legislative
Assembly or going ahead with the project and finding
money for it, the Government of India evaded both
alternatives by resorting to the somewhat transparent
device of sub-contracting to Imperial Airways the ex-
tension to Delhi under a charter arrangement which
was entered into initially for a period of two years.
While under this arrangement operations were in the
name of the Indian State Air Service, all technical and
operational control was left comfortably in the hands
of Imperial Airways, who also provided the aircraft.
In this form I.S.AS. began to function, if not to
operate, on 20th December 1929.

Netther the Legislative Assembly nor the public was
deceived by this bit of camouflage under which India
paid the piper without calling the tune. A storm was
raised in press and pariiamentary debates and Govern-
ment had no alternative but to proceed with plans to
give the Indian State Air Service a fleet and an admin-
istration of its own. Four Avro X aircraft were
ordered and a start made on building up an organisa-
tion. The project was, however, promptly abandoned
in 1931 on the providential recommendation of a Re-
trenchment Committes of the Assembly, owing to the
economic blizzard which hit India along with the rest
of the world.

Then came a brief interlude, not without a touch
of humour when, in January 1932, the little Delhi
Flying Club came to the rescue. With one Gipsy Moth
loaned by the Government and one Indian pilot, it
took over from mighty Imperial Airways the Karachi-
Delhi service and operated it most efficien:ly until July
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1913, Obviously, however, this could only be a stop-
gap arrangement. Apparently still anxious, and under-
standably so, 1o back-pedal out of a troublesome and
coslly commitment which they did ot have the means
o implement, the Government of India once again
found an ingenious, but hardly ingenuous, solution to
their problem. By agreement with the British Air Min-
istry, they sponsored early in 1933 an Indian company—
called Indian Trans-Continental Airways—to operate
the Karachi-Singapore sector of the U.K.-Australia
route in partnershup with Imperial Airways.

From the point of view of carrying out the spirit
of the undertaking given to the Legislature in 1927,
the arrangement was perhaps a little better than the
original charter agreement with Imperial Airways, but
it blatantly violated the specific assurance given by
Government to the Legislature in 1929, that 75 per cent
of the voting rights in any company formed to operate
the Trans-India route would be in Indian hands. In
fact, 51 per cent of the capital of LT.C.A. was allotted
to Imperial Airways, the balance being held jointly by
the Government of India and Indian National Airways,
a new Indian airline, of which more anon,

LARACH ¥
Y h

Ignoring the moral aspects, the scheme was operation.
ally a practical and sensible one and it did endeavour to
assuage Indian feelings by oderiag training facilities
for Indian staff and a subsidy from Britain for a period
of six years, thus relieving the Government of India from
any financial risk. In addition, India was permitted to
settle postal charges for the carriage of air mail on
the whole of the England-Australia route in sterling
instead of gold francs.

Prudently, the creation of LT.C.A. and its capitah-
sation were not disclosed to the Indian Legislature until
the end of September 1933, nearly three months after
the company had actually started operations. The
scheme was naturally opposed, but it would seem that
the members of the Indian Legislature had exhausted
thejr interest in aviation and their pugnacity on its
behalf in the 1927 debates, for the LT.C.A. scheme was
in the end somewhat tamely approved.

Indian Trans-Continental Airways bought or took
over from Imperial Airways two Armstrong Whitworth
XV Atalanta aircraft. Every altermate service on the
Karachi-Delhi-Calcutta-Rangoon-Singapore sector of the
route to Australia was operated under the Indian Flag
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Ficure 4. 15th October 1932: The start of Indian

Scheduled Air Transport. The author having Aown

the first leg of the inaugural Karachi-Madras flight,

hands over to Mr. Nevill Vintcent at the Bombay
“airport” (Juhy mud fiat).

and in the name of Indian Trans-Continental
Airways, but in fact, by Imperial Airways who
provided the crews, management and all technical
services,

The Birth of Indian Air Transport

The eastern extensions, in one guise or
another, of the London-Karachi service described
above was never an Indian operation except
during the brief Delhi Flying Club episode.
Indian scheduled air services, in the real sense,
began in 1932. They had their origin in the Jone
vision and efforts of a far-sighted and immensely
able man whose name was Nevill Vintcent. After a fine
career in the R.A.F., Vintcent and an associate, J. S.
Newall, came to India in 1929 in two First World War
DHS9s on a “barnstorming ™ tour, in the course of
which they flew over the greater part of India and sur-
veyed a number of possible air routes. Vintcent real-
ised from the start the immense potentialities of
commercial aviation in India and, in order to get the
necgssary backing for his scheme, he joined the firm
of Tatas in a happy and fmitful association which Jasted
until his death in 1942. While returning from a mission
to England in connection with a Tata project for the
manufacture of military gircraft in India, he was lost
at sea in an R.AF. Bomber presumed to have been shot
down off the coast of Spain. ] had tbe privilege of
being associated with Nevill Vintcent from the begin-
ning of his career in India and cannot pass over this op-
portunity of paying tribute to the memory of a gallant
and resourceful man who was undoubtedly the founder
of Indian air transport.

The plans prepared by Vintcent for Tatas in 1929
for a service between Karachi-Bombay-Madras to con-
nect with the Imperial Airtways service at Karachi failed
at first to secure the approval of the Government of
India, at the time preoccupied with the problems of
the Trans-India service mentioned earlier. Pending a
more favourable response to the Tata scheme, and to
gather experience, Vintcent accepted the managership
of the Indian State Air Service in 1930 but returned
t0 Tatas &s soon as the project was abandoned in 1931.

The proposal for the Karachi-Ahmedabad-Bombay-
Bellary-Madras mail service was finally approved im
1932 when, afier prolonged negotiations with Govern-
ment, Tatas finally agreed fo operate it without any
guarantee of mail revenue or subsidy. The service was
inaugurated on the 15th October 1932, with 2 Puss
Moth, which I fiew from Karachi 10 Bombay vid
Ahmedabad, and wbich Vintcent took over at Bombay
for the rest of the flight to Madras via Bellary, Tata
Airlines consisted then of one Puss Moth, one Leopurd
Moth, one palm-thatched shed, one wholetime pifot,
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assisted by Vintcent and myself, one engineer on a part-
time basis, two apprentice-mechanics and wunlimited
optimism. Both ex-apprentices, incidentally, are still in
Air-India today, one of them in a high management post.

No doubt air mail services were being operated at
the tume in other parts of the world with single-engined
aircraft, but none, I should think, with less support from
the ground as the early Indian services received.
Taking Tata’s Karachi-Madras 1,300 mile route as an
example, with the exception of Karachi, which had radio
and night landing facilities of a sort, the rest of the
route was totally devoid of any aid whatever and
Bombay, the principal base of the airline, did not even
have an all-weather acrodrome. The Bombay “airport™
was a dried mud flat near the sea serviceable only during
eipht months of the year. At high tide during the mon-
soon the “ aerodrome ™ was more or less at the bottom
of the sea! The airline had then to transfer opera-
tions bodily to a small landing strip at Poona next to
Mahatma Gandhi’s favourite residence, the Yeravda
Jail. As there were no lighting facilities at any of the
atrfields on the route no night flying was possible and
with a night stop at Bellary the average speed from
Karachi to Madras was a snappy 40 miles an hour.
The route crossed 5,000 ft. high hill ranges, deserts,
swamps and parts of the country which received up to
300- inches of rain a year, all concentrsted in four
months.  Apart from heavy monsoon rains, the roule
was subject to thunder storms, sand storms and severe
turbuleénce, Notwithstanding these somewhat unhelpful
conditions, Tata Airlines, during its first year of opera-
tion, flew 160,000 miles with an ypbrokea record of
regularity.,

While Tatas were the first to operate scheduled air
seryices in India on a permunent basis. the honour of
provuling the first indigenous air transport opecation
must go to the Dxlhi Flying Club, which, as stated
carlier. temporarily flew the malls between Karachi and
Delhi for the Government of India from December 1931,
when the charter artangement with Impenal Auways

[apsed,
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FiGUrEe 5. Air Routes in 1939,

In 1933 Tata Airlines were followed on the Indian
air transport scene by Indian National Airways, a com-
paoy based at Delhi, and formed with the dual purpose
of operating services of its own and participating along
with the Government of India as one of the two Indian
minority shareholders in Indian Trans-Continental Air-
ways. IN.A. began operations of their own on 1st
December 1933, when they inaugurated a weekly
passenger, mail and freight service between Calcutta and
Rangoon and between Calcutta and Dacca, now in
Pakistan, with de Havilland Dragon aircraft. '

A third airline, Air Services of India, came on the
scene in 1937 to operate passenger services between
Bombay and some of the Indian States in Kathiawar
and between Bombay and Kolhapur to the south east.
Its flcet consisted of de Havilland Fox Moths, Percival
Gulls and D.H. Dragons. A point of interest is that
this company decided to charge only a little over
second class rail fares. As costs, even at 100 per cent
load factor, must have been well abave first class rail

fares, the operation was not exactly profitable and the
services closed down within two years.

In the meantime, Tata Airlines and Indian National
Airways made unspectacular but steady progress.
Apart from increasing the frequency of their main
Karachi-Madras route, Tata Airlines introduced new
services to Delhi in the north and Trivandrum in
the south with modest financial assistance from the
Governments of the then autonomous States served by
the route. As shown in Appendix I, total operations
grew from 154,000 miles in 1933 to nearly 600,000 miles
in 1937. Except in the first year of operations, Tata
Airhines never failed to make a profit until, after its
incorporation under the name of Air-India, its position
began to deteriorate in the early post-war years and it
shared in the ultimate debacle.

Empire Air Mail Scheme

With the introduction of the Empire Air Mail
Scheme, came the opportunity for a big step forward.
Until then, only mail bearing a surcharge was carried
within India or between India and other countries. In
1934. the British Post Office formulated a revolutionary
scheme under which all first class mail between Empire

_— p—
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or Commonwealth countries served by the UK.-
Australia and U.K.-Africa routes was to be carried by
air without any postal surcharge and at only a minimal
increase in ordinary overseas postage rates. It unfor-
tunately took three years for this bold and imaginative
scheme to fructify, and it was inaugurated on the
London-Cairo sector of the UXK..India-Australia route
oaly in June 1937 and across India in February 1938,
Apart from the immense saving of time it afforded
at practically no cost to users in the participating coun-
tries, the scheme greatly stimulated both the operation
of airlines in the areas in which it was in force, and the
development of larger and faster aircraft In India
itself it galvanised the young air trapnsport industry.
Tata Airlines and Indian National Airways were granted
ten-year contracts with guaranteed minimum payments
for the carnage of first class mail on the Karachi-
Colombo and Karachi-Lahore routes. On the basis of
these contracts, the two airlines were able to effect a
striking expansion of their operations and to renovate
their fleets. In fact, within one single year, there was
an increase of operations greater than that in the four
preceding years, Total miles flown increased two and
a half times, passenger miles over three times, mails
over four timnes and freight nine times (Appendix I).
One of the most noteworthy facts about the Empire
Air Mail Scheme was that, contrary to expectations,
postal revenues earned almost equalled expenditure in-
curred during the very first year of operations and there
was every indication, when the War intervened, that
they would soon surpass it. Although the life of the
scheme was cut short by the War, it will retain its place
in the history of world air transport as a striking land-
mark for which Brtish Postal and Civil Aviation
authorities of the mid-thirties deserve the greatest credit.

Air Transport Goes to War

As in most other countries, the outbreak of the
Second World War profoundly affected the operations of
air transport in India. On the international scene, the
Empire Services were drastically curtailed, The *“ all.
up” air mail scheme was abandoned, the England-
India-Australia service was reduced to two flights a
week, heavy surcharges were imposed on mails, and
passenger traffic was wholly controlled. The entry of
Italy into the War and the fall of France closed down
the Blying boat route through the Mediterranean which
was replaced by the famous “ Horseshoe ™ route around
Africa. On the entry of Japan into the War in Decem-
ber 1941, the normal route to Australia, east of
Rangoon, had to be abandoned and by February 1942,
as & result of the Japanese occupation of the Netherland
East Indies, Calcutta became the eastern terminus of
all services from the west. However, somewhat pre.
carious airf commuoications were later re-established
with Australia by way of Colombo, using Consolidated
“ Catalina " amphibious flying boats pnd involving for
a time the longest non-stop route sectors in the world.

On the Indian domestic scene, all air transport was
geared to war needs. A number of air services were
suspended in order to meet changing war requirements,
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the 1938 mail contracts were suspended and pew con-
tracts entered into under which the entire operating
capacity of the two airlines was placed at the disposal
of Government, only spare capacity, if any, being avail-
able for commercial traffic. A flexible basis of pay-
ment was adopted under which Government paid all
fixed standing charges plus an agreed rate per mile,
and shared with the companies any commercial revenue
earhed. Under this agreement operations could be ex-
panded, curtailed or modified to any extent in accord-
ance with changing requirements without affecting the
financial stability of the airlines.

While the War disrupted and curtailed some services,
it also created opportunities for expansion and diversi.
fication. The airlines were given many special assign-
ments, such as the survey of the South Arabian route
on behalf of the R.AF., the carriage of supplies to Iraq,
the tramsport of civilian refugees from Burma and the
overhaul and maintenance of R.AF. equipment.

As was to be expected, however, the airlines’ greatest
problem during the War was the availability of trans-
port aircraft. Government requisitioned all multi-
engined equipment consisting mainly of de Havilland
89’s and 86’s for anti-submarine and other duties, and
left the airlines with only their older single-engined
obsolescent aircraft of small capacity with which to
maintain their services. Tata Airlines, however, suc-
ceeded in supplementing their four-seater Wacos with
Stinson tri-motor aircraft bought second-hand from an
American airline. Relief came towards the end of the
War when Government Joaned to the two Indian
companies some Lend-Lease twin-engined Beechcraft
Expeditors and finally a few DC-2’s and DC-3's.

As in other countries, one sphere in which the War
brought far reaching and long term benefits to civil avia-
tion was in the construction of many new aerodromes
equipped with long concrete runways and in the notable
expansion of meteorological services, radio cominuni-
cations and landing aids. India was particularly for-
tunate in this respect, as it emerged from the War
with no less than forty-four such aerodromes and a
network of radio ranges and beacons.

PART 1l
Post-War Era: The Tymms Plan

Civil Aviation in India was restored to commercial

' status on Ist January 1946. The Indian air transport

industry, which then consisted only of Tata Airlines and
Indian National Airways, although relatively small, was
well organised, expericaced in the bandling of modorm
aircraft, and financially sound. It could look forwand
to great opportunities ahead with every assurance that
the development of civil aviation after the War would
be on sound lines ag well as exteasive. For, as carly
83 1943, the Government of Iodia had shown commend-
sblo foresight in placing Captain F. C.' Tymaws, M.C,
(Later Sir Fredorick Tymms), who had succecded Sir
Francis Sholmerdine as Director of Civil Aviation in
1931, on special duty to propare post-wiir plansg for
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civil aviation in India. Armed with vast technical and
administrative experience and an alarming capacity for
work, Sir Fredenick submitted by September 1943, a
series of carefully thought out papers on all aspects of
post-war aviation.

Of special interest to us was the one in which he
made detailed and specific recommendations covering
the establishment, operation, regulation and financial
support of air services within lndia and to countries
abroad. He estimated that the total capacity required
to be provided in the imitial post-war period would be
something under 20 million ton miles, requiring in all
less than 40 aircraft of the DC-3 type. Based on these
estimates, he made the wvital recommendation that
scheduled air services should be entrusted for operation
to a limited number of privale airline companies, not
exceeding four, each with adequate route mileage and
scope for development so as to ensure efhcient and
economic use of aircraft, ground equipment and man
power. The companies were to Operate on a com-
mercial basis, backed by an ingenious system of sub-
sidies under which operators failing to achieve certain
costs and/or revenue targets would incur Josses and
those beating the targets would make a profit.

These proposals were coupled with the recommen-
dation that all scheduled services shoyld be licensed by
an autonomous Licensing Board. The Government of
India generally approved of Sir Fredenick’s recom-
mendations and amended the Indian Aircraft Act and
rules to provide for the licensing of awr transport
Services.

Air Transport Licensing Board

The basic Tymms Plan was emipnently sound and,
properly implemented, would have ensured the safe and
orderly development of the industry, Iln fact, it was
doomed from the start as the interim (overnment,

-formed in September 1946, proceeded to discard the one

recommendation essential 10 its success, namely, that
the number of airlines operating scheduled air services
should be limited to three or at the most four. I am
quite sure that i Sir Fredenck had known in advance
that thus indispensable condition would be thrown over-
board, he would have recommended the alternative of
a single State Corporation, the relative merits of which
he had, incidentally, carefully discussed in his report.

The post-war boom atmosphere engendered by the
pressure of large. funds seeking investment, combined
with the almost unlimited availability of war-surplus
Dakota aircraft at absurdly low cost, led entrepreneurs
as well as Government, both sadly ignorant of the
.economic realities of airline operations, to believe that
Sir Frederick Tymms had grossly under-estimated the
potentialities of air transport and the vast opportunities
it offered for making a fortune. The careful calcula-
tions and sound reasoning embodied in the Tymms Plan
were cast to the winds and the Licensing Board, estab-
lished solely for the purpose of ensuring sound and
orderly development, was made the very instrument of
chaos, In fairness to its hapless members, it must be
said that the Board, although constituted as an auto-

nomous body, was in fact never allowed to function as
such and from the start had to bow to ministerial inter-
ference and pressures aggravated, incidentally, by the
conflicts and passions generated by the impending
partition of India.

By the time the Board was ready to consider appli-
cations, no less than twenty-one companies with a total
authorised capital of over £30 million (Rs. 40 crores)
were registered and well over a hundred Dakotas
acquired by their sponsors from American war-
surpluses. Within six months of the Air Transport
Licensing Board starting work, it had over a hundred
applications for some 96 rtoutes covering the whole of
india. By the mddle of 1947, the Tymms post-war
Plan was reduced to a shambles, when provisional
licences had been granted to cleven companies over
51 routes. The scene was well and truly set for the
ultimate and inevitable debacle,

The situation was further complicated by the parti-
tion of India in August 1947. Karachi, up to then the
western air-gateway of undivided India, suddenly be-
came the capital of a hostile foreign country, with
which India found itself all but at war, The air routes
previously operated in the transferred areas had to be
abandoned by the Indian operator concerned, while one
of the new airlines transferred its allegmncc to Pakistan
and 1ts headquarters to Karachi. K

The newly hcensed airlines were deficient in organ-
1sation, equipment, training and operational standards,
while many of the routes for which Licences were sought
and granted lacked traffic potential and were therefore
totally uneconomic. In the absence of enough remu-
nerative routes to allot to all the airlines, the Licensing
Board resorted to the fatal device of licensing a number
of operators on the same or substantially the same
route—on the Bombay-Calcutta route as many as three
operators were hicensed simultaneoysly—each restricted
to a single daily flight. As a result, all airlines were
deprived of the chance of a reasonable utilisation of
their equipment and staff, and costs sky-rocketed.

One of the main serious consequences of this state
of affairs was that, operating on a shoe string, most
airlines were unable to maintain the high standards
essential to an industry so closely concerned with safety,
nor could they provide for later re-equipment with
modern aircraft. Furthermore, none of the new en-
trants could afford to establish the repair and overhaul
facilities necessary 1o make the industry self-supporting.
They depended for such facilities on the Government-
owned factory of Hindustan Aircraft at Bangalore, the
only ong in the country. In the event of an emerg=ncy
which would have required Hindustan Aircraft to con-
centrate-its resources on serving the Indian Air Force,
at least half of the Indian air transport industry would
have ground to a halt within a few weeks for want of
overhaul and repair facilities.

The economic pressures on the industry were par-
t:ally relieved during 1947 by a fortuitous demand for
air transport for the evacuation of refugees from
Pakistan and for a military airlift to Kashmir. These
operations afforded valuable but fleeting relief to
operators, and by 1948 the first signs of disintegration
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appeared with the failure of two of the new Licensees.
Government and the Air Transport Licensing
Board now found themselves caught in a trap of their
own creation. Up to then, only provisional licences had
| been granted by the AT.L.B. Bad as it was, the situa-
tion would eventually have retrieved itself if Govern-
| ment had allowed the patural, although admittedly
harsh, process of contraction which had already begun,
to continue until oaly three or four strong companies
survived, each with adequate route mileage and traffic
potential to ensure economic and efficient operation.
Unfortunately, Government, being themselves largely re-
sponsible for the deplorable state of the industry, were
not prepared to face the uproar which might have
followed the failure, one after another, of airlines which
they had so recently encouraged to come into being.
On the instructions of Government, ten-year licences
were granted in July 1949 by the AT.L.B. to most of
the domestic operators which up to then had operated
on provisional licences. The die was cast,
Contributory causes of the industry’s difficulties were
the heavy duty on petrol which amounted in 1949 to
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17 pence (15 annas) per imperial gallon, equivalent to
33 per cent of the total cost of fuel, and the fact that
fares and freight rates were fixed by the Licensing
Board at totally uneconomic levels in relation to costs
of operation. They were in fact the lowest in the world
as they still are today, while operating costs were far
from being also the lowest.

While they were unable or unwilling to bring order
out of chaos by drastic means, Government, realising
the critical situation " into which the policy of indis-
criminate licensing had placed India’s air transport
industry, granted minor concessions. They first per-
mitted small increases in fares in 1947 and 1948, and
in the next year they allowed an increase in the per-
missible “ all-up™ weight of the Dakota—a measure
of doubtful soundness from the safety point of view in
a country where aircraft performance was severely
affected by high temperatures and of little value 10
most of the airlines which operated at pitifully low
load factors and had, therefore, no use for the extra
payload. Further relief measures followed in March
and April 1949 in the form of a rebate of 10 pence

INDIAN SCHEDULED AIR SERVICES
(Domestic and to Adjacent Countries)

1947

GATh
e PAKISTAN
r
‘l.

-, g LEUTT

U1 K AP KTHAM

KEY :

T iAMJNEHA

AR SERVICES OF INDIA
AIRWAYS {INDIA)
easnusnns AMBICA AIRLIMNES
bedbdbdtn  BHARAT AIRWAYYS

mamamemmen DECCAN AIRVWAYS
—seanneen  INDIAN NATIONAL ARVWAYS

e he s me  INDIAN OVERSEAS AIRLINES

|

fl‘ala Aukines becameo a public cowmpany in 1940 with the
new pcumeg Au-lndia—Ed)

16§



HISTORICAL NOTES

e

A

g, — i

il —

"

19 VOL. 65

JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY

JANUARY 1961

e et el

— rE—— ——

(9 annas) on the customs duty on aviation fu¢l and
by the iotroduction of an * all-up * mail scheme under
which all domesiic mail between centres served by air
was camied without surcharge,

The benefits which accrued from these measures
were, however, largely ofiset by a substantial rise in
fuel prices and the extremely low rate of paymént for
the carriage of mail. Such hitle benefit as did remain
was far outweighed by the calamitous effect of the
introduction of the Night Air Mail Service in January
1949,

Night Air Mail Service

This scheme provided one of the most controversial
Jandmarks o the brief listory of Indian post-war {rams-
port up to natiopalisation in 1953. As iljustrated in
Fig. 7 it consisted of a cross-shaped service, connecting
Calcutta, Bombay, Delti and Madras, vie a common
central point at Nagpur in the geographical centre of
Ingia. Four DakOa aircraft were to start from each
of these four cities sometime before midnight and to
mect at Nagpur where, after exchangipg mail with each
other, they would continue to one of the other three
terminal] points or return to base, according to the par-
icular pattern dictated by technical considerations at
the time. Thus, mails posted at each of these stations
lale in the evening would reach their destination at
dawn hext morniag.

Considered ennrely by itself and given certain essen-
tial pre-requisites, the scheme¢ was a practical and
imaginative solution to the problem of rapid mail de-
liveries between these four cities, But under the con-
ditions existing ip 1949 1t was both operationally and
economically vnsound, as well as ill-timed and it did
much to aggravate the disastrous situation in which the
industry was already floundering. The safe operation
of such a night service throughout the year, including
the difficult monsoon season, woyld have required four-
engined aircraft, the highest standards of pilot training
and aircraft maintenace, suitably located emergency
landing grounds equipped with might landing facilities,
and adequate navigational and approach radio-aids in
all four sectors. All or most of these elements dig not
¢xist or were deficient in 1949,

From the economnic point of view, while such a scr-
vice might be self-supporting, particulaily under an
“all-up” air mail scheme, this could only be at the
expense of the existing services, as was forcibly argued
during the somewhat heated discussions which preceded
the adoption of the scheme. Airlines licensed on routes
connecting two of more of the four cities proposed to
be served by the night air mail pointed out that, while
heavy additional expenditure would have to be incusred
on the operation of the new setvice, it would generate
little fresh revenue and merely divert existing mail re-
venueg from the day services, which were already losing
money. - The scheme was also strongly opposed, and
quie nghtly so, on grounds of safety. The then civil
aviallon authorities and the Ministry concerned were,
however, determined to push the scheme through
against all opposition, In the end, the licence went 10
an airling which, technically and financially perhaps the

THE NIGHT MR-MAIL SCHEME
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Ficure 7. The Night Air Mail Scheme,

weakest of all the airlings in the country, was willing
to risk operating the service without any guarapteed
mail revenue or subsidy. The Night Air Mail was in-
augurated on the 31lst Janhuary 1949, and by May its
Licensee bad got mnto such serious fipancial difficulty
that he had to suspend operations. Two other airlines
came tempporanly to the rescus to keep the night air
mail service flying until the outbreak of the Monsoon,
when it was suspended for the next four months.

During the summer of 1949, furtber negotiations
between the civil aviation authorities of the Govemn-
ment of India and the scheduled airtines failed, where.
upol Govemment resorted to the extraordinary step of
giving the licence from October to a small non-
scheduled operator. They thus added a further licensed
operator to the excessive number already heensed i the
country and made things worse for everybody.

As 1 personally took a leading part in the negotia-
tions and public controversy concerning the Night Air
Mail Service in 1948 and 1949, of which I have vivid
recollections, some not devoid of humour, my judg-
ment may be somewhat suspect. With the lapse, how-
ever, of s0me eleven years since those stormy days, I
think I am able to view the matter philosophically and
cerrainly with complete freedom from the heat and
passions generated at the time. [ believe today, as I
did then, that the night air mail scheme. while theoreti-
cally a good and practical one, was unsound and nnsaie
at the time and should have been postponed for two or
three years untit it could be yndertaken with complete
safety and the calamitous economics of the air trans-
port industry had been straightened out. Today, under
totally different conditions, the night air mail operates
extrernely well and safely with four-engined gircraft and
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plays a most useful réle in the overall pattern of the
country’s air transport system.

International Operations

In the chaotic and sombre picture of the post-war
history of Indian air trapsport the only bright spot was
the creation and solid success of Air-India International.
Apart from Indian Trans-Continental Airways, of
unlamented memory, which was merely a subsidiary
of Imperial Airways and later of B.O.A.C., Indian
scheduled exterpal air services had, up to 1948, been
limited to flights to India’s neighbours: Pakistan to
the west, Ceylon to the south, and Burmia to the east.

During the War, Nevill Vintcent and 1 had prepared
tentative post-war plans of development of our own
which included in the last stage the operation of external
services westwards and, if possible, all the way fto
England. In so far as they related to developments
within India, these plans were largely fulfilled when
Tata Airlines was converted into a public company
in August 1946 under the name of Air-India and em-
barked on a large programme of development of its
internal services. By the beginning of 1947 Air-India
turned its attention to the international scene. B.O.A.C.
had continued to operate services to India through-
out the War while K.LLM. and Air France were in the
process of resuming normal services to Indonesia and
the Far East. America was entering the field in a global
way and with the added advantage of having war-surplus
DC-4 aircraft made freely and immediately avaable
to them. By 1947 both Pan-Amencan Airways and
T.W.A. had opened services through and to India
respectively.

It was clear that if India were at all to enter the
field of long range international services she must do
so quickly as, once foreign airlines were solidly en-
trenched on all the world’s best air routes, India’s entry
would become a difficult and financially tisky enterprise.

By then international air transport had settled down
to a pattern largely influenced by the so-called Bermuda
Agreement between Britain and the U.S.A, and regulated
wholly by bi-lateral treaties between countries. Apart
from her own growing importance as a great trade and
travei centre, India had a commanding strategic position
astride the only practical air route from Europe to the
Far East and Australia. She was thus in a strong bar-
gaining position vis-a-vis other countries which operated
services to or through India or intended to do so.

Air-India bad a detailed plan ready to take advan-
tage of this happy situation and in the summer of 1947,
submitted comprehensive proposals to the newly-formed,
post-independence Government of India. It was pro-
posed to create a new Company to be called Air-India
International Limited, in the capital of which the
Government of India, Air-India and the public would
participale, which would be managed and technically
assisted by AirIndia Limited, and would operate,
initially, regular services between Tadia and the UK.
with modern, long range pressurised aircraft. Govern-
ment were at first somewhat coo} towards this proposal
as they were 1clined to prefer a8 scheme for an airline

——p— L e

CURRLNT SCUENCTF, VOL, 66, NO 6, 25 MARCL 1994

wholly owned and mapaged by themselves, When,
however, they realised that the Air-India scheme would
save both money and valuable time because of the ready-
made orgapisatton and technical facilities placed from
the start at the disposal of the project, they readily ac-
cepted the proposal and gave it from then on their full
and ¢nlightened support. -

At Air-India’s request, Government agreed to limit
their capital participation to 49 per cent subject to an
option to acquire at any time a further 2 per cent from
Air-India. Air-India were appointed Technical Man-
agers on a ten-year contract under which all services
were provided at cost and a small fee charged on a
decreasing scale at a certain rate per mile flown. Air-
India were also a2ppointed Air-India International’s
Chief Sales Agents within India on standard I.A.T.A.
terms,

An important feature of the project was that Govern-
ment undertook, for an initial period of five years, to
make up any loss incurred by the Company, in the form
of subsidies repayable out of 50 per cent of future net
profits. 'While any such subsidy remained outstanding,
dividends, if any, were to be restricted to 33 per cent.

In order to make the earliest possible start, Air-
India bhad some months earliecr placed a provisional
order for three Lockheed Censtellation aircraft and
arranged for the training of pilots and other staff. By
a stroke of luck delivery of the aeroplanes was advanced
by nearly six months, thanks to the cancellation of an
order by another purchaser. Thus it was that Air.
India Interpational, although formally incorporated only
on the 8th of March 1948, was able to inaugurate its
Bombay-London service by 8th June of the same year.

The scheme proved from the start a highly success-
ful experiment 1n joint State and Private enterprise, in
which the public interests as well as Government’s and
Parliament’s desire for control were fully safeguarded
by specific provisions in the agreement between Govern-
ment and the Company, while day-to-day management
was left to experienced private enterprise.

Air-India International inaugurated its operations
with a weekly service between Bombay and London
on the 8th June 1948, since when it has never looked
back. By 1932, when the decision to nationalise air
transport was taken, it had in four brief years more
than doubled the 1949 level of its operations and from
its first full year made a profit each year except for
one minor setback in 1952. ] shall revert later to ats
subsequent history and progress.

Although it was the iatention at first to treat Alr-
India International as India’s sole chosen instrument
for the operation of long range international services,
an exceplion was made in 1949 in the case of one of
the domestic airlines which, having acquired Skymaster
aircraft, were permitted to undertake services to the cast
of India. They inpugurated services to Bangkok ia
May 1949, to Singapore in 1950 and to Jukirta i 1952,
These services are now part of Air-Iondia Interaational’s
roule gystem.

Reverting to domestic air transport operations, the
situation reached by 1950 is reflected in Appendix 1L

|
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While in five post-war years, route mileage, miles flown
and trafic camed bad shown a phenomenal growth, the
industry as a wbole was operating at a heavy loss of
about £800,000 (or Rs. 1.10 crores), of which about
£280,000 (or Rs. 37 lakhs) were met from a subsidy in
the form of a rebate on petrot duty. The situation was
in fact worse than disclosed by these figures as most
of the airlines were unable to provide for any deprecia-
tion of their assels, let alone for replacements.

Air Transport Inquiry Committee

Faced with this situation the Gevernment of India,
early 1o 1950, decided, mainly at the request of Air-
India, to institute an independent enquiry 1nto the state
of the air transport industry and on the 8th February
1950 they appointed the Air Transport Inquiry Com-
mittee headed by a distinguished High Court Judge.
The Committee were charged with the task of reviewing
the existing state of the industry and of advising Govern-
ment on the measures required “to ensure that the
operation of air services is placed on a firm economic

SINAGAR

Ficure B. Air Routes in 1952,

footing and that the future development of air trans-
port proceeds on souand and healthy lines” A high
technical officer of Trans-Australian Airlives was
appointed Adviser to the Committee.

The Committee’s feport, submitted in September
1950, largely vindicated the case of the air transport
industry by confirming that the unsatisfactory condition
of the industry as a whole was due principally to the
unsound and indiscriminate working of the licensing
system under which licences to too many operators
resulted in wasteful competition, increased costs and
reduced revenues for all. Dealing with the future, the
Commitiee expressed itself in favour of oanly four
operators being licensed, thus conforming with the
original recommendation made by Sir Frederick Tymms
six years earlier. It recommended that some of the air-
lines should be merged and that the licences of two of
them should not be renewed. These, interestingly
enough, were the very two which had in the past re-

ceived special support from Government in connection |

with the Night Air Mail Scheme.
The Committee worked out standard costs and
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| recommended a system of subsidies very similar in con-
cept to those proposed in the original Tymms Plan,
under which airlines meeting or beating their targets
would make a profit and those failing to meet the targets
would make a loss. The Commitice discussed the
alternative of nationalisation in great detail and recom-
mended the “status quo.” By and large, the recom-
mendations of the Committee were eminently sound
and, if implemented, would have not only brought much
needed relief to the industry as a whole but would also
have ultimately resulted in the development of a sound
and dynamic air transport system. In fact, the report
was totally disregarded by Government! The reasons
for this were never publicly explained. My own view
is that the Minister concerned at the time had already
made up his mind in favour of pationalisation and, for
| tactical reasons, decided to do nothing to strengthen the
mdustry in the meantime. It must be admitted that,
in the circumstances then existing, nationalisation did
offer the easiest and quickest solution from Govern-
ment’s point of view with the added advantage that,
while satisfying ideological aspirations in some quarters
it would forever still further controversy over its past
aviation policies.

By 1952, the condition of all the airlines, except
one, had, in varying degrees, deteriorated to an extent
where action could no longer be delayed. The excep-
tion was a company based at Calcutta which, beginning
as one of the smallest of the licensed operators in 1946,
had by 1951 become the largest operator in the country
10 terms of ton-miles flown and was, in addition, the
only one which did not operate at a loss. The favour-
able position of this company, in contrast with the rest
of the industry, was due to the combination of excep-
tionally low costs and exceptionally favourable route
licences which enabled it to derive the maximum bene-
fit from the enormous traffic which had artificially de-
veloped in the Bengal/Assam region as a result of the
loss of surface means of communications between the
two areas resulting from partition. While this company
deserved credit for controlling rising costs more effec-
tively than its colleagues in the industry, its low costs,
as pointed out by the Air Transport Inquiry Committee,
were achieved, partly, through the adoption of un-
acceptably low standards. There were also some un-
usual factors working in favour of ‘this operator, a
reference to which would serve no purpose today.

In 1952, the Planning Commission recommended
the merger of all scheduled airlines into a single Cor-
poration, 1n the capital of which the existing companies
would participate pro-rata in exchange for their hold-
ings, while the Central Government would acquire a
share large enough to exercise effective control. Govern-
ment did not accept this recommendation and also re-
fused even to discuss alternative proposals put up by
myself on behalf of Air-India for the integration of the
industry into two strong companics in which the State
would have an important or controlling share. Govern-
ment bad irrevocably decided upon complete national-
sation and the only two issues they were prepared to
discuss were the bdsis of compensation and the question
whether there should be two separate corporations o
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take over domestic and international services TESpec-
tively, or only one to take over the lot. Government
at first favoured a single corporation but later accepted
my strong recommendation in favour of two.

PART III

Nationalisation

In March 1953 India’s Parliament passed the Air
Corporations Act, which received the assent of the Pre-
sident on the 20th of May. The main provisions of
the Act were that * there shall be two Corporations to
be known as Indian Airlines and -Air-India Inter-
national,” and that “there shall be transferred to and
vested in—

(@) Indian Airlines, the undertakings of all the
existing air companies (other than Air-India
International Limited), and

(b) Air-India International, the undertaking of the
Air-India International Limited.”

The provisions of the Act followed substantially the
corresponding British enactments and the two Corpora-
tions themselves were largely patterned on the B.E.A./
B.O.A.C. concept. The Corporations were to consist
of not less than five and not more than nine members,
all of whom were to be appointed by the Central
Government. In practice, Government have through-
out appointed the maximum number of members, of
whom seven are common members of both Corpora-
tions and five are officials of Government, including two
Air Force Officers. One of the four non-officials
represents the leading labour movement in the country.

In the matter of the price to be paid oa acquisition,
the Government of India, naturally much against the
wishes of the companies concerned, decided to ignore
the market value of the acquired assets and to pay only
the depreciated book value of such assets. As at the
time, and for some years thereafter, the market value
of secondhand transport aircraft was at a much higher
level throughout the world, the Government of India in
effect acquired the principal assets of the nationalised
compantes at as little as 20 per cent of their true value.
The companies naturally felt, not it would seem without
cause, that they had been unfairly treated.

The will of Government and Parliament naturally
prevailled and the provisions for compensation finally
incorporated in the Act were in accordance with Govern-
ment’s view. The Act provided further that, except
for 10 per cent payable in cash, the acquisition price
was to be paid in the form of § per cent Five-Year
Bonds of the Corporations which were duly redeemed In
1958. Since then, the capital requirements of the Cor-
porations have been provided wholly by Government
and treated half as equity and half as loan capilal.

Nationalisation brought to a close an eveniful era
of twenty-one years marked first by piongering en-
deavour and slow but solid growth, followed by a phe-
nomenal but chaotic expansion and finally by contro-
versy, confusion ahd collapse. If, in the course of thus
dismal post-war chapter, I have, more than on¢e, criti-
cised Government, I should make it clear that such

in”



HISTORICAL NOTES

40618

J.
J— - —re——_
- -

—_——

14 VOL. 65

JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY

JANUARY 1961

criticisyn has been directed solely at its policies and not
at Government departments respounsible for carrying
them out and particularly those providing and main-
taining the ground organisation, the airports and the
meteorological, radip and other services, all of which
functioned throughout with pgreat efficiency despite a
shortage of funds and trained manpower and many other
difficufties. I would like to take this opportunity to
thank, and pay tribute to, the band of able and devoted
men who in these various Government departments
rendered great services to Indian aviation and were
always most helpful to the airlines hefore and after
nationalisation. I am happy to record also that once
the causes of stress, conflict and controversy were re-
moved on nationalisation the Government of India’s
policies and actions and their attitude towards the
Boards of the two Corporations could scarcely have
been more correct asd belpful.

The Post-Nationalisation Era

On the morning of the Ist of August 1953, the
Indian Airlines Corporation took over as going con-
cerns the assets and business of all air transport com-
panies operating scheduled air services in India and
between India and searby countries, while the Alr-
India International Corporation took over Air-India
International Ltd. Nationalisation opened a new and,
thank goodness, a more orderly chapter in the story of
Indian air transport, While at one stroke of the knife
1t excised the tumour that had laid it Jow, the task of
rehabilitating domestic operations and making them
healthy apd strong was a formidable one,

The problems that faced the two Corporations
differed materially in nature, magnitude and complexity.
While LA.C’s main task was to integrate as rapidly as
possible the organisations of eight airlines, A-LL’s task
was largely the opposite one of disentangling the pre-
viously Integrated organisation of Air-India Limited and
Air-India International Limited, and to build a self-

Fiouse 9. International Services in 1948,

contained airline with its own workshops, ground ser-
vices and commercial organisation. This had to be
achieved without a moment’s interruption in both the
external services of Air-India International and the
internal services of Air-India Limited absorbed by
LA.C. The task was facilitated by the fact that the
Boards of the two Corporations had a majority of
common members, including the Chairman and General
Managers of the two Corporations. A carefully thought
out programme of action was jointly framed and com-
pleted on schedule, and both Corporations have made
remarkable and uninterrupted progress since.

Air-India International

Taking Air-Indsa first, Government’s decision to
create a separate Corporation for the operation of long
range international services proved correct from the
start. The complications, uncertainties and possible
lowering of standards which complete aad sudden in-
tegration with all the domestic airlines under a single
Corporation might have entailed were avoided. Efl-
ciency and morale remained unimpaired, while the
retention of the onginal name preserved the valuable
goodwill and reputation earned by the Corporation’s
predecessor both in India and abroad. Conditions have
changed in the past seven years and there are now pro-
bably as many arguments in favour of merging the two
Corporations. This question is in fact periodically
under joint examination by both the Boards and
Government.

The Corporation has continued to operate at a profit,
albeit 2 small one, every year. In view of the continu-
ous growth of both the Corporations and aiso the losses
made by L. A.C,, the Government of India has up to now
waived the 44 per cent interest on its Ioans and claimed
no return on its equity investment in the Corporations.

The scale of operations and the route system of the
Corporation have expanded continuously since 1953,
when it took over the predecessor company’s Bombay-
London and the Bombay-Nairobi services. To these
the Corporation added services to Singapore in July
1954, to Hongkong in August 1954, to Tokyo in May
1955, to Sydney in October 1956, to Moscow in August
1858, to New York in May 1960, and to Kuwait in
October 1960.

From a total of three stations served in June 1948,
the Airline now serves 28 cities in 21 countries, cover-
ing five Continents over an unduplicated route system
of 24,671 miles (Figs. 9 and 10). From 1949, the full
year of its operation, to 1939 available ton-miles have
multiplied nine times, passenger miles seven times and
operating revenues eight times. (Appendix IV) Ia
1939, A-LL stood fourteenth among the eighty airline
members of the International Air Transport Association.,

It has a capital employed of about £20.5 million (Rs.
27.28 crores), an aonual turnover at the current rate of
£14.4 million {Rs. 19.17 crores) and a current annual
output of over 100 million ton-miles, which are expected
to rise next year to £17.6 million (Rs, 23.50 crores) and
to nearly 130 million ton-miles respectively. At the
close of 1959, the Corporation had coa its pay roil nearly
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4,600 employees with a somewhat low productivity rate
of 12,950 A.T.M. per man. This figure has risen appre-
ciably since the introduction of the Boeings and i1s
expected to reach almost 20,000 A.T.M. per man next
year.

A recent development of special intercst i1s that
A-LI. has since April this year entered into a Revenue
Pool with B.O.A.C. and Qantas. The Pool covers all
its routes except the Bombay-Nairobi route over which
B.O.A.C. and Qantas do not operate services and the
Delhi-Moscow and Bombay-Prague services which Air-
India already operates in Pool with Aerofiot and Czecho-
slovakian Air Lines (C.S.A.) respectively. The creation
of the tn-partite Pool is in line with growing trends
throughout the world outside the US.A. The Pool has
enhanced the aggregate competitive power of the three
partners and A-LIL looks forward to a long, pleasant
and mutually profitable association with its two great
Commonwealth partners.

The fleet of four 749A Constellations taken over in
1953 has grown, six years later, to nine Lockheed
1049 Super-Constellations and three Boeing 707 inter-
Continental jets with a fourth due early in 1961. A-LL
has, from 1ts inception, consistently followed the policy
of standardising as far as possible on a single type of
aircraft and engine. This policy could not be main-
tained during the transition to jet aircralt, but once the
changeover 1s complete, the advantages of standardisa-
tion will become even more pronounced in view of the
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relatively smaller number of units in use, The right
policy for A-LL in the immediate future would, there-
fore, seem to lie in the enlargement of its present jet!
fleet with the same type of equipment, at least until the
advent of supersonic aircraft.

The Airline entered the jet age on the 19th April
1960 when its Boeing 707°s went into service for the
first time on its Blue Ribbon route to London. It
would have done so some five years earlier if the un-
fortunate history of the original Comets had not resulted
in the abandonment of the Comet III, for which the
Corporation had placed an order in 1953. A point of
interest in regard to A-LL’s Boeing order is that it was
the first airline in the world to specify Rolls-Royce
Conway engines. The exceptional range and fuel eco-
nomy of this combination of aircraft and engine ren-
dered possible the first non-stop flight ever made between
London and Bombay by a transport aircraft. This was
achieved in February this year in the course of a delivery
flight, when the distance of 4,850 miles was covered
at an average speed of 600 miles an hour in exactly
8 hours and 5 mnutes. As we landed at Bombay I
recalled, somewhat nostalgically, that it had taken me
that many days and hours to cover the same distance
thirty years earlier, almost to the day, when I flew solo
from Bombay to London in 8 days and 5 hours,

Indian Atrlines Corporation

L.A.Cs career has been a2 more chequered oneg, but
its growth and progress has been equally remarkable.
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At its birth in August 1953, LA.C. had to absorb eight
separate airlines with varying standards of organisation,
operation and administration, a fleet of 99 aircraft. in-
cluding 74 Dakotas, 12 Vikings and 3 Skymasters, with
headquarters and maintenance bases in six cities, and
a total of 7,017 men with widely varying scales of pay
and conditions of work,

The task of moulding all these into one single organ-
isation with common standards of operation and
administration and uniform scales of pay and conditions
of service, and at the same time to rationalise routes
and ground organisation, reduce costs and improve effi-
ciency all round, was a backbreaking one. Unlike
A-11., which had no serious problem of organisation,
personnel or morale, I.LA.C. was faced also with the
| difficult task of fitting eight separate managerial and
supervisory staffs into one organisation.

i Considering the difficulties involved, the job was

tackled with remarkable confidence and ability and
pushed through with great determination. Now, seven
years later, LA.C. has been transformed into an homo-
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genous and increasingly efficient organisation. Its
route pattern has been rationalised so as to cut out un-
productive flying, while Viscount aircraft have replaced
Vikings and Skymasters on trunk routes. The manage-
ment has been integrated and streamlined and opera-
tional standards and passenger amenities progressively
raised.

Simultaneously, careful control has been exercised
over costs and, as shown in Fig, 11, 1.A.C. is today one l
of the world’s lowest cost operators in spite of successive
and heavy mmcreases in wages, a preponderance of obso- ‘
Iete aircraft in its fleet, and a crushing burden of taxation
on fuel which, in 1959-60, cost the Corporation no less
than £800,000 (Rs. 106 lakhs). This, incidentally, is
mainly responsible for the fact that I.A.C.’s fuel costs !
have ever since 19353 worked out to almost 35 per cent
of its total operating expenses. This may be contrasted
with the corresponding average of 17 per cent for the |
other airline members of ICAQO. In fact, bad fiel costs
in India been no higher than the average ruling in the
rest of the world, 1A.C, would have shown a profit
every year since 1953,

.LA.C'S SCHEDULED AIR SERVICES
1260
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Notwithstanding this grievous burden and the excess
of manpower from which it suffers in keeping with most
industnal enterprises in India established in years gone
by, I.LA.C. has been able to reduce its operational ex-
penses to an average of 31 pence (Rs. 1.75) per ton-
mile. A remarkable achievement by any standards.
As a2 result of these improvements and of a gratifying
growth in traffic, as reflected in Appendix III, the Cor-
poration has progressively reduced its operating losses
annually until, 1n the year 1959-60, it made a smail
profit after providing for full depreciation and ob-
solescence, but without providing for interest on capital.

LAC.’s fleet today consists of ten Viscounts—to
which four are expected to be added shortly—five
DC-4/Skymasters, fifty-eight DC-3/Dakotas and three
Herons, with five Fokker * Friendships ” due for de-
livery next year. The Corporation’s future re-equip-
ment problem is a difficult one, both because of the
country’s forsign exchange crisis and of the fact that
the Corporation must reconcile 1ts natural desire to
standardise as much as possible with the varying needs
of the different types of routes and services it operates.
Were it not for the severe shortage of foreign exchange,
I.LA.C. would, I believe, switch over in the near future
to jet operations on its main trunk routes, the sector
lengths of which happen to be ideally suited to the
modern medium-sized jet. Over such distances, medium
jets can operate as economically as propeller-driven
aircraft, while offering great advantages of speed and
comfort to the travelling public. On ifs secondary
routes with relatively low traffic potential and well
equipped 1n the matter of runways and other ground
facilities, I.A.C. will probably have to continue using
propeller acroplanes of at least two types or sizes for
some years to come. A possibility at present under
consideration is for I.A.C. to take over some of the
Super-Constellations at preseat operated by Air-India.

Air-fndia Internationa)

Indian Airlines Cnrporatiun

Non-Scheduled Operations

For reasons of space and time [ have been com-
pelled to restrict this story to scheduled operations only.
As will be seen in Appendix VI, India, like other coun-
tries, has substantial non-scheduled operations under-
taken not only by [LA.C. and A-LI but also by five
private operators, It will ve seen that while they have
remained fairly static in recent years, they did keep pace
with the growth of scheduled services in the early years.
The reason for this phenomencon lies in the fact that
immediately after partition surface transport was heavily
disrupted in the eastern part of India and an abnormal
demand arose both in the matter of passengers and
freight.

It is to be remembered also that non-scheduled
operations in India have had, and have today, a qualita-
tive Irpportance out of proportion to their quantitative
magaitude. That is because of the social and strategic
nature of these operations in the context of the partition
of India, the Kashmir operations, refugee traffic, military
operations in Kashmir and other frontier areas and
inaccessibility of some of these areas.

Aerodromes and other Ground Facilities

A description of India’s present domestic air trans-
port operations would not be complete without a bricf
reference to the network of ground and meteorological
and radio facilities provided by the Central Government.
While » more detailed picture is available in Appendix
VII, the essential facts are that the Central Government
today maintains 85 aerodromes, 140 navigation and
approach aids and 81 aeronautical radio communication
stations, providing more than 540 aero mobile and
point-to-point channels. Although still on a relatively
small scale in comparison with other countries, expen-
diture on further development and expansion of ground
fasilities proposed to be spent during the next five year
plan reaches the respectable figure of £18
million (Rs. 24 crores).

India’s Operations compared with
World Air Transport

I have up to now attempted to describe

separately the progress and present status of the
two Corporations. In view of the possibility

that at some time in the future the two Corpora-
tions may be merged into one and in order to
present a picture of Indian air transport as a
whole, a composite statement combining the

vital statistics of the two Corporations is shown
in Appendix V. A breakdown of the available
ton-miles produced by both external and in-
ternal scheduled services since nationalisation
1s offered in Fig. 13.
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FIGURE 13, Volume and break-down of available ton-
miles produced by Indian Air Traosport: 1953-1959.
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|
I The main elements of the picture for 1959 may be
summarised as follows: b

Capital employed :  Rs. 446 million PAINGEN M FLOWN 1_— t —

(£33.45 m) o - | |

Annual turnover :  Rs. 245 million ) I |

approx. (£l 8.37 m) - :
I Unduplicated route T |
miieage :  42.1 thousand “ _ .
A TM. produced ;121 million "
Passenger-miles flown ;583 mullion T |
I Mail and Cargo ton-miles 25 million o :

Setting these fizures in their international perspec- ” | , |
tive, the available ton-miles produced by Indian air -
transport in 1959 represented roughly 22 per cent of e
British operations (B.E.A. plus B.O.AC)), 30 per cent 156
of French (Air France). 37 per cent of the Dutch
(K.L.M.), 101 per cent of the Swiss (Swissair), and 150 "~
per cent of the Japanese (J.A.LL). It may also be of s
interest to compare the rate of growth of Indian air |
transport with currespﬁnding figures for the rest of the o T v - e e
world. Fig. 15 attempts this comparison in graph e,
form, first separately for domestic and external opera- M E—
tions and then jointly for both. These graphs, based -
on ICAQ, show that in regard to rate of growth India - —
has up to now compared on an average favourably I -
with the rest of the world. '“"I —

Future Prospects .m'

What of the future? India’s international air
transport operations are, as those of other countries, -
controlled largely by bi-lateral treaties. Their future e )
growth, therefore, depends to a considerable extent on i
events and developments 1n the rest of the world as well i
as on India’s ability and willingness to provide the re- 1000
sources and particularly the foreign exchange required .
for fleet expansion. The shortage of foreign exchange
1s today the most serious likely obstacle in the way of e
expansion. Fortunately, A-LL. is an earner of foreign e |
exchange at present to the tune of about £2.13 million ' | i
(Rs. 28.40 million) per year. Assuming that the foreign e - L ’
exchange difficulty will be overcome, [ see no reason
why Air-India’s future growth will not at least keep pace e .
with that of the world industry as a whole. In fact, oo [T R e [ r IR {
India may well exceed the average rate of growth wm —] | |
of infernational air transport, for two reasons. First, o ki B el .
having entered the field later than other countries, there 3o e iy — T T
is sull considerable scope for enlarging Air-India’s route 00 |y NI | 1
system. The Pacific is an obvious possibility. Secondly, *hi ' ]

India has, under a series of five-yeur plans, embarked - tm—1 et ; e J

on a long-range programme of forced expansion of its " — «I iy e »
economy as a result of which 1t may be expecied that Il b | L B _;],,.i__‘i____*

its trade and commerce with other countries will grow P ! i n};.fr“:"" e, —

more rapidly than on the average elsewhere, e I sl N SO L - 4 A —t—1 - |

Furthermore, there 1s immense scope for the develop- B e B | P IR T"_ /4'% -t !
ment of tourist traflic 1o India, which at preseat 18 ol B i Sy ol et G S
limited to only about 100,000 visitors a year. Haly il G- e e Es :{
alone received 12 million foreign visitors in 1959, With o — ':1 — ".—"* e * e
increasing resources devoled to developing tourist traflic
facilities 1n the country, 4 considerable expansion of air Fistre 14, Growth of Indan Awr Transport 194 9%
travel 1o gnd from India may be expected in the coming (Svheduled Domestic und International Seivices),
years,

i - — ' e J
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untapped demand for cheap air travel, the sooner will

In the case of domestic operations, the growth of
traffic as represented by passenger-miles flown has risen
annually at a rate five times as great as the national in-

.come of the country. If it continues to do so, and

assuming that dunng the current decade the real
national indome of India grows at the rate of about
4 per cent—by no means an unrealistic figure—the de-
mand for domestic air transport would grow omn an
average by about 20 per cent per year, Taking passenger-
miles flown as an #llustration, the figure of 329 million
passenger-miles flown in 1959-60 might rise to nearly
one thousand mullion by the middle sixties and to over
two thousand million miles by 1970. Even 1if actuals
do not reach these estimates, it can still be seen that
with rising stanaards of living and an immense potential
domestic market, with distances between major centres
ideally suited to air travel and an enthusiastically ait-
minded population, future growth prospects are bright
indeed.

For A-1l., as for other infernational carriers, the
supersoni¢c age looms ahead. 1 am one of those who
firmly believe that the prospect of crossing the Atlantic
in one-and-a-half hours or of fiying from England (o
Awustralia in half a day is so dazzling and would bring
such immense benefits to mankind, that nothing should
be done to discourage or deter such a phenomenal step
forward. At the same time, it is fervently to be hoped
that supersonic operations will not be forced upon the
world of awr transport for reasons of prestige or
political rivalry between power blocks before all the
technical and economic problems have been solved.
Some of these are of such magnitude and complexity
that I doubt that regular operations at sustained super-
sonic speeds will be possible until the end of the present
decade. In any case, in my view, for whatever it is
worth, supersonic aeroplanes can only suppiement and
never supersede subsonic aircraft. Because of the ex-
treme altitudes at which they must operate, coupled
with the limitations likely to be imposed by the noise
and destructive impact on the ground of their own
shock wave, supersonic aircraft will probably be use-
fully and economically employable only on long non-
stop flights, mostly over water. People will presumably
still want to travel over medium and short distances for
which subsonic aircraft will continue to be required.

Furthermore, as in other forms of transport, the vast
majority of travellers will want to travel as cheaply as
pessible rather than as fast as possible. The world’s
airlines have up to now attempted to combine in a
single vehicle the largely incompatible requirements of
luxury, speed and economy. The advent of the super-
sonic jets may well force the industry into a new pattern
in which separate types of aircraft best suited to each
type of operation will be used. Whatever the ultimate
pattern, the sooner realistic thinking is done on the next
step, particularly in the direction of satisfying the vast

the air transport industry reach its full stature and |

fulfil its historic mission. |
e e e e ———
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Conclusion

The twenty-eight year history of Indian air trans-
port has been an eventful one. To one who, like my-
self, has taken some part in it since that first flight of a
Puss Moth from Karachi to Bombay in 1932 until today,
when India’s Boeings or Viscounts speed night and day
across the world's skies, it has brought both exhilaration
and anguish. But all that is past. Like a young man
who has rencunced the habits and ways of his chequered
youth, Indian air transport has now settled down to a
mature and sensible existence. Sound progress and
stability have replaced the romance of pioneering and
the excitement of battle. That is as it should be, for
arr transport plays today, and will increasingly play
in the future, a powerful and beneficial rdle in the de-
veloping economic life of India. Given the resources,
it now has the vitality and the experience to give a
good account of itself and in the process to render great
services to the nation,
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for the long hours of research, study and noting on
which this lecture has been largely based.

APPENDIX 1
GROWTH OF DOMESTIC AIR TRANSPORT: 1932-1946

(SCHEDULED SERVICES)

Unit | 1932¢ [ 1933 | 1034 | 1935 | 4936 | 1937 | 1938 | 1939 | 1540 | 1941 1942 | 1943 | 1944 | 1945 | 1945
. - | e
Wies flown ("000) 36 154 345 554 552 595 1,412 | 1,687 | 1,355 | 1,292 1,620 | 1926 | 2821 3320 | 4,520
Passengers carned i 155 757 553 349 | 1,238 | 2,104 | 3,518 | 3,646 | 3747 4659 [ 7,574 | 13,433 | 24,090 | 103,251
Passenger mules | (000s) | 0-7 53 243 210 120 311 | 970 | 1329 | 1,249 2,438 3,394 | 5040 9,346 | 16716 | 61,066
Meil carried {tons} | 1-33 | 10-7T1 [ 21-43 [43:30 {4955 | 61-16 | 244 60 [204 02 | 52 68 | 63 39 | 1%53.12 | 18437 | 165 62 | 214 75 | 458 04
Freghtcarned | (tons) | 002 | 045 | 982 | 392 | 045 | 199 | 1809 | 4062 | 12:95 1652 | 72771287 05| 515 64 | 380 36 | 538 39
Freght ton-miles | (000s) | s n.a. 2 ] 04 1 g 16 9 12 BS 228 152 233 90
AT M. produced | ("00N) n.a. na, n.a. n.a. .. nd. na. n.ga. n.a. n.a. 757 L1350 1714} 27109 n.d.

* 15th October 1932 to 315t Decemiber 1532 r.a. Mot avaalable,

APPENDIX II
GROWTH OF DOMESTIC AIR TRANSPORT: 1947-1952

A

L

(SCHEDULED SERVICES)

Ut 1947 1948 1949 19%0 195l 1952
Hours lown ... ] ("0004) 9 3 7T 2 BY 1090 107 4 108 5
Milcs lown ., ("000s) 9,352 12,218 11,822 16,834 16,757 10,0622
Passengers carmied {"0001) 255 339 349 441 429 4113
Passenger mdicy . ("D0()=) 138,827 104,141 155 T8 184,929 150,717 FT4 07
Mul carned | (tona) &27 Y | 2,147 ke 31 0.0 3.52%
Frewght carried (tonx} 2,521 S, 308 2855 ' 13 dlo 18 158 37,858
Frewht ton-miles Y LY 1306 2,652 4,017 ¥,533 11,412 11 Db
Unduplivaed route mlleagye® (OO0 i1l & 1y 5 14 0 159 18 & 1T 3
AT M. produced (" DUOs) 18,597 24,394 29 870 41,348 43,300 42 174

P

* End of year.

iy
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: APPENDIX 1
22 VOL. 65 PROGRESS OF INDIAN AIRLINES CORPORATION: 1953/54 ~ 1959/60 JANUARY 1961 |
(SCHEDULED AND NON-SCHEDULED SERVICES)
Unat 1953544 1954-55 1955.56 1956-57 | 1937-58 1358-39 1939-60
ReverGe Bours OWB ... e sn am e 113,914 114,308 121,839 124,152 116,549 19,280 116,978
Revenue mules flown ) o e (Mp.) 17-994 17953 18-936 19 202 13 359 19 535 19 402
A.T M. produced _.. ] U (Mn.) 43840 45 443 51 582 55 111 25988 64 075 67 870
l R T.M, performed - {Mn.) 1 32 350 36 W7 37 921 3 -993 45 263 47 993 |
Avzilabie sear malest . o {Mn.) Mo n.4. ' na. 364 191 477 506
Undupbeated route milenge? s . .. " n.a, n.a. 14 600 14,212 14,209 14 881 15,261
Revenue passengery casried s . . 430,683 477,583 500,361 471,106 399,573 653,454 703,013
Revenue passenger roales .- (Mn.) na. 59 210 240 270 319 329
Revenue passengef tos-miles ... ... ... .. (Mn.) na. 16-368 18 36 20787 23-43% 26 991 29 821
Revenue mall carmred e ave ae A .- (Tons) 1,843 4,659 4,997 5221 £,.166 §.465 5.8%6
Rovenue mad too-mieS e sen e e (Mn.) na 2.1M2 2 994 3-196 3-274 3 470 3 659
Revenue freght carmied . e e (Tons) 52,833 50,256 53,856 30,194 44,208 49,977 46,041
Revegpe freght loo-miles ... vew wee . (Mn.) n.a. 13-2%0 15 087 13 938 13-280 14 801 14 495
Operating revenus .. v e e | (MnRa) 65 147 5 . 247 80 860 86135 92607 | 108 249 115 499
Operanng expenses . - (M Ra.) T1-065 Th 262 92 800 ¥7-014 102 914 117 367 118-N17
Operating profits vee aee are e e | (MoLRs) | —11-922 | —9-015 ~i1 940 | —10 879 —10-307 | —9 1138 +0-781
Operating revenue per A T.M. ... v (Rs.) 142 1 49 157 1 56 1:63 1-69 176
Openating costs per A TM. | ... (Rs.) 1-69 1-69 1-80 1-76 I &i 1-83 1 75
Number of employeest .. * .. .. . . na. na. 0,324 9,254 9,448 9,463 9,553
AT.M. per employee s nem n.q. aa. 5,532 6,022 6,094 5,771 7,105
Break-even load fastor ... .. . v A BS 0 82 0 837 807 810 78 3 70 7
Overall boad factorf .. wo  we s e e (% 68 1 &1 70-6 68-8 70-2 70 6 721 L
Total capstal employed? ... = s e o | (Mo Rs) 48 5 65 B 104§ 136 3 186-3 192 & i72'8
NOTE: Years cuded March, ¢ Eight months ﬁlum-;—md 10-;2 months, TS:hbdu-I;'l anrvim;. $End of year. n.a 1Not available
APPENDIX IV
PROGRESS OF AIR-INDIA INTERNATIONAL: 1948 - 1959/60
_ i (SCHEDULED AND NON-SCHEDULED SER VICES)
Unit 1948 1549 1950 1951 1952 | 19533547 195455 LHSS-SE 198657 | 1957-58 | 1958-39 1 195960
1
Revenue bogrs flown ... ... .. 1,773 | s5422] 8,060 | 10,352 | 10,520 | 15,240 | 14,413 | 19,696 | 23,808 [ 26,306 | 27.924 | 28,842
Revenue nxiles flown e bamm ees (Mn,) | o412 ! 1263 1979 | 2-395} 2697 3731 | 3573 | 4909 | 5973 6719 ( 7 110 7 435
ATM produced ... oo cea = (Mn.) 1910 6658 | 10903 | 14-103 | 14 338 | 20 670 | 23-684 ! 35.242 | 43-567 | 50 657 [ 56 010 | 59 518
R.T.M. performed i ee {(Mn.) 1-992 ) 46381 6-508B| O-148 | 9-004 | 12-682 [ 13 930 | 19 635 | 17-927 | 29-988 | M 782 | 34 618
Avaiable seat miles e e MRy [ 16136 | 4T-377 | 64-569 [101-529 [104 167 (166978 (186-922 (275 910 [3283-379 [394-629 [4)4 B3IV 452 117
Unduplicated route mioaged  wa oo s152a | s158( 9613 96331 10,328 | 10,364 | 14,991 | 17,845 | 21,252 | 21.617 | 24710 | 2467
Revenoe passengers carried - o {Ne¢.) 2,690 7980 | 12,267 | 19,756 | 21,499 | 34,148 | 40287 | 36,443 | 79,823 g8, 312 | 83,868 | £9 33s
ReveDud Dassenigar miles . (Mpn.) 1149 359 48 3 6565 675 839 L15-7| 1581 | 224-5 | 247 2| 2528, 238 &
Revenue passcoger tou-miles® . ., (Mn.) 1-146 | 3224 | 4244 | 35-846 | $-859 | g8-629| 9973 ] 13-527 | 19:491 | 21 247 | 22 169 | 22 660
Revenue frefght carned ... ... .. | (Toms) 384 189-7| 300-9 | 549-6| 521-9| 978.1 ) B78-1 [ 1021-4 [ 1453.6 | (474 1 [ 1854 O | 2757 1
Revenue freight ton-miles®s = {ME.;- 0-175 | 0861} 1-272 1-996| 1-723( 2782 2:503 | 3841 | 5-384 | S o644 | 63547 8 M6
Revenur mail carried - (Tons) 36-2 98-7| 139-7| 185-7| 2152)] 268:7| 297-8| 435-3| 604 5| &358 5| 801 3| 8621
Revenue mall top-milea®® .., I . {Mn.) 0-173| 0-4495 | 0628 | O-871 | 1080]| 1- 228} €-3161 1977 | 2-520| 2-690 | 2-930 | 2-952
Openung revenues aed - s | {Mn. Rs.) 33 14-7 20 8 27-9 28-8 4]1-4 43-4 67-7 96 3| 108-3 113-6 | 125.8
Operating expenges ot - e | (Mo, Ra.) 3-6 . 14-7 20-0 25-8 292 45+ 6 480 66-6 37-1 100-81 113-9 ) 124 0
Openaung profits ... ... . ... [(MoRz)} —O-4| — +08) +21]| —04} 08| +2.4) +t-1| 494 +78| +17) 418
Operating revenue per A T.M. ... - (Rs.} 2-69 2:20 1-9] 1-98% 201 200 2-04 1-92 | 2-21 214 204 2-11
Opershing cost per A.T.M, (Rs.) 2.00! 2200 1.83] 183! 2030 196 t9a| 188} 2-00, 198} 203 1-08
Average pumber of employess .,_ . 164 496 1 44 3 t| 2102 3128 3661 | 4000 | 4442 | 439
A.T.M. per emplovee e em ges 11,768 | 13,444 31 13 3 1t | 11,266 | 11,292 [ 11,900 | 12,4467 12,609 | 12,930
- Break-even load factor ., v (%) 83 8| &35 56 1 8.3 61-7 603 56-1 $3-% 391 357 36-0 57.3
Overall load factof v oo o o | OO 774| 685| S84 63-3| 09| 61-4]| S90| 558 643 9.1 368 382
Total caprtal employed oo | (Mo, Ra.) pii 28 0 27 2 23 38 33 $3-9 ] 102-4 | 109-3| 147-4| 16721 1819 272 8
j NOTE: Calendar yeary up to 1932; Lhereafier years :n:i:d March,  * Jume to December only.  § January 1953 to March 195, 1 Bad of year.
11 Separaie figures for thess years are not avalable, a3 A.-[.], during thu period vulised some staff in common with Air Joda Laud,  *¢ services.
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APPENIMX V
PROGRESS OF INDIAN AJR TRANSPORT
DOMESTIC AND INTERNATIONAL: 1948 -1959
(SCHEDULED SERVICES)
Urut 1948 1949 1950 951 1952 1953 19354 1933 1956 1957 LAY 1959

Revenue hours fown . " 78961 | 93944 | (17,422 | 118,684 | 119490 | 114,796 | 117,402 | [25.655 | 136813 | 134,451 | 135,046 | 131.397
Revenue miaies flown . (Mvn.) (2649 | 15008 | 48 396 | 19 498 | 19 S62 | 19 202 | 19 798 | 21 267 | 23 483 | 23 496 | 24 578 | 24 742
ATM produced .. - . (Mn.) 26 320 | 36 538 | 53-252 | 57 403 | 56 734 | 56 S5[ | 62 644 | 74 869 | 92 8505 | 99 901 |11] BEB |120 916
RTM performed sem . (Mn.) 19 266 | 23 249 | 34 414 | 39 OLS | 37 457 | 37 240 | 41 183 | 49 204 ) 60 595 | 66 039 | 71 924 | 76 61)
Unduplicated route nulcaget ; . (CO00s) 18 7 19:2 25 5 28 2 27 8 210 29 3 3l B 37 | 318 41 7 42 1
Revenue passcngers carned . | ooos) 341 157 853 44% 434 404 432 469 559 613 696 736
Revenue passenger-mues ‘s (Mn.) [176 366 |190 619 |233 426 (257 243 [242 056 |239 760 271 660 [320 020 |422 009 [485 &62 |537 0A1 |583 M1é
Revenue passenger ton-tniles . {Mn,} I5RI2| 16986 20 706 | 22 841 | 21 459 [ 21 076 | 23 884 | 28 076 | 37 OO1 | 42 373 | 46 959 | 5] 27
Revenue Frewght carned . {Tona) 5346 | 10045 [ 35717 | 39336 | 38,410 | 37.866 | 38.578 | 43,839 | 42960 | 38,235 41,804 | 32981
Revenue freaght ton-mules flown .., " (Mn.) 3B27] 4 466 ) 11 105 13 408 | 12 789 [ (2 BB6 | 11 392 If; 630 1 I8 154 1 17 701 | 18 693 1 18 728
Revepue mail carmed ., (Tons) 707 | 2246| 3730 3206 3.740) 3949 4765 | 5124 | 5663 5840( 6075) 6712
Revenue mal ton-rmules . ("000s) 06571 1797 20603 | 2766 3200 3271 3906 4497 | 54490 | 5964 | 6 271 | 6 758
Operatmg revenued e | {Mn. Rz} $1-8 63 1 Bl 7 S S B7 6 | na 1i7 6] 148 S 182 6| 2006 | 22358 2451
Operating expenses? can . . {{Mn.Rs.) | n.a. n.a, n.a, " da, n.4a. n.a. 124 3 159 4 184 | 203 3 23t 3 42 7
Operaung profisl ... - . i (Mn. Ra.} | aa n.da. mu n.da. R, i - T| —109 | —1 5| —27| =735 + 2 B
Operatmg revenue per AT M.} ... s {Rs.) 1 57 [ 73 1 58 i 39 1 M1 na [ 68 1 7L 1 85 1 86 1 8& 1 93
Operaung cost per A T.M.2 {Rs.) A, n.a. n.4. n.a, H.a. 1. 1 17 1 84 | 87 1 &9 1 93 1 91
MNumber of employess ine - n.a. n.d. n.a. n.a. nda. M.t Rl 12445 1 12,915 ] 3518 | 13,905 ) 14 149
A.T.M. per employee . n.a, A.d, n.a. n.da., " .. n.a. 60i6 | 71861 7390 B.047 | 8,547
Overall load factor . (%) 73-3 63 6 65 B é8 0 66 0 65 9 &8 6 &5 7 65 3 66 1 64 3 63 3
Total capital empioyed?, ... - | (Mn. Rs.,}| na n.g, n.d. n.G. n.d. n.g. 168 21 214 1 283 7 153 % Y74 B 445 &

* As shown in Appendix VI, the role of non-scheduled operations 15 considerable, but thewr data are 100 incomplete for purposes of imcorporation n this Appendix,
n.a. = Naot avalable

t End of year, 3 Figures from L9354 onwards ere for fiscal yoars ending March. 1954 read as 1954-55 elc.
APPENDIX VI
GROWTH OF NON-SCHEDULED OPERATIONS: 194B8-1959*
Y

Miles Houars Number of Fraight AT.M, 'Rervenue

Hown flown passengers curried produced earncd
Year "QO0s No. No, Mn. ib. "Q00s — Mn, Rs.
1948 . 4484 (35 5) D749 (I8 9) — — w— k6 3 (32 O
15949 ., . - &, 101 21,126 {2 490 ** 4 R** -— 109
1930 . . b B3Y 44,566 H6, 000 108 1 — 2 5
1951 ... . ‘e . 6 008 (408} 4] RIS(IS N GBS (4 7} 1AL 6(I50 I} — 20 (22 N
1952 .., - SKBI19 36,203 BS 829 126 § — .| 16 9
1753 ... - 223 M B35S Q4 976 a5 H I4 279 1%
1254 .. . . 5153 {27 O ALNSS (T O 138373 &y 97 8011 3) IS93S {29 55 W6 1 (45
1958 ... . 5.132 30 945 108 445 A4 2 }7.069 I8 7
1956 - ST N | 4005¢2¢ 9| 114380020 5)] 97 100 &Y 17271 (18 6)] 204002 N
1937 . - 5458 11,832 126,459 e 7 16 714 20 R
1948 ) . 4986 (20 3 | 10487 (22 6} 99549 (J¢ | d4 4 D 4946 (13 4] 18 a9 0)
1959 - 5,577 13.9M BS . H4D Bl | 16,391 21 4

|

APPENDIX ¥YII
PROVISION AND EXPENDITURE UNDER FIVE-YEAR Pl ANS

* Figures wittun brackets represent the percentage of 10tal non-scheduled to toial scheduled operafions,
** Fugunos lor October t0 December 1949 only,

ON GROUND ORGANISATION AND FACILITIES FOR AIR TRANSPORT IN INDIA

Fypenditure during the Evpenditure durimy the Provisien for the
Fresk Plun ] S verd Hlan 1 hied Plan
(WML M, M. (MK)4 Mn. K. "ol Mo, Rx,

___ﬂ - —— e
). Wuorka 41 Aerodromes 4,59 bl 21\ P OL9 113 K7 R 1 8¢k 0
2 Telecommumcaden Lyuipment 42 & B2% KL 25 DIk LY O 0
1 At Roules & Aerodrome Fguipment 218 X BTl 4TS & )9 730 10 O
Tuwtal £ VK TH w4 | 1,441 6% 493 15,000 J40 O
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16.

17.
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i9.

Dr. Moult: Mr, Tata had given a very complete picture
of the development of civil air transport in India., Despite
the early political difficulties which had punctuated its
existence through years, it was plain for all to see that firm
foundations were laid and from this. beginning steady
progress had been made. Not only had India made progress
but its rate of progress relatively had more than equalled
the average for the rest of the world and that was a great

chievement, He would like to say that Mr. Tata and his
lleagues bad brought this about by their persistence and
their vision and it had been a great privilege to hear from
It would be a record for all time
of whal, collectively, had been a splendid piece of work.

They were most grateful to Mr, Tata for this lecture
and for the personal charm and the humour with which it
had been delivered.

He would now ask Professor Baxter to propose a formal
vote of thanks. -

_ Professor A. D. Baxter: When the President made his
introductory remarks he was reminded of the Council’s

Annual Reports on the Progress of Civil Aviation, April 1922,
March 1923 and April 1925-March 1926. His Majesty’s
Stationery Office, London, 1923, 1926,

U.K., AR Mnastry. (1926). The Approach Towards a System
of Imperial Air Communications. His Majesty’s Stationery
Office, London, 1926,

UK., AIR Mmstry. (1930). The Progress of Imperial Com-
munications. His Majesty’s Stationery Office, London, 1930.

23.
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desire to emphasise the importance that they attached to
this Commonwealth Lecture. Undoubtedly the present
lecturer. had maintained its prestige and he felt that an
additional vote of thanks to the Lectures Committee for
their persistence in assuring that Mr. Tata gave it would not
be out of place.

He thought the Commonwealth Lecture was instituted
by the Society to enable them to learn something of and to
Keep in touch with the aeronautical achievements aod
activities which had been, and still were being, pioneered
outside their own shores but within the confines of those
nations who were partners in the Commonwealth. This
was a very happy idea and as a result they had had some
very attractive lectures and had learned something about
aviation 1n Africa, in Australia, New Zealand and in
Canada, but he thought this was the first time that they
had had a lecture entirely devoted to aviation in India.

It had been a story of air transport, a story well told,
but it had been more than a story, it had been history;
probably the Society’s Historical Group, so recently
tnaugurated, would not be long before it wanted to claim

+
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this lecture as, should he say, an eastern gem, in the
collection it was makiog. . _

They were all interested not only in the history of
aviation but in the men who had been making that history,
and as the President had said, they had in Mr, Tata one
who must be regarded as a founder of [ndian aviation. He
bad beer extremely modest about his own part in it but
nothing illustrated it better than his brief reference in the
written lecture to his two flights, ooe to this country in 1930
which took eight days and five houss {0 complete and the
other exactly thirty vears later when he flew back to India
in one of his Corporation’s atrcraft in precisely eight hours
and BOve miputes. Both were great milestopes in the
progress of lndian aviation, L

He thought aiso that Mr. Tata showed great restraint in
his mentions of the trials and tribulations consequent on
Crovernment decisions or indecisions and he could a&ssure
him that such difficulties were not unknown tn this country;
in fact, there might well be some in the audience who could
appreciate from their own experience the same sort of
problems and frustrations, although he doubted whether
they would all have the same restraint that Mr. Tata had
exercised. He could only bope that those over here with
the same problems would eventually be as successful in
achieving their objectives as Mr. Tata scemed to have been.
The suecess had been only partly revealed by the lecturer
that night and the paper itself should be studied carefully;
it was full of facts which belped to indicate spmething of
the extensive progress in India.

He had "been interested in Mr. Tata's views of the
future. It was encouraging to hear him say that there was
such scope in India for the eXtension of air traffic and he
wondered if that implied that there was also scope for the
civil aircraft industry® Possibly they in this Country might
be able to assist and participate at some time. It was
ipteresting, too, o hear Mr, Tata’s remarks on the supec-
soniC fransport, and that he thought the time would come
when they would travel across the Atlantic in an hour and
a half. This was not the time to discuss whether it should
be an bour and a half or three hours but it was encouraging
to find that an operator did believe in supersonic transport,

Mr. Tata had In his lecture given generous acknow-
Jedgment of Rritish aid in the pjoneering days of
Iodia’s aviation and pow they ought equally to give
acknowledgment of the valuable return that he had given
by his lecture, 1t bad been carefully prepared and delivered
in 2 bumorous and interesung style; it was packed full of
useful data and it had been a very great Commonwealth
story.

Ou behalf of all his fellow members of the Royal
Aeronautical Society, ke proposed a vote of thapks to
Mr. Tata for gelivering this Sixteenth British Common.
wealth Lecture.

Following the Lecture a Dinger was held at 4 Hamilion
Place, London, W.1, at which the following were present:—

Captain L. R, Ambrose, Regional Director, UK. and
Europe, Qaptas RBopire Arrways,

Lr. A. M. Baliantyne, T.D., BSc, PhD. FR.AeS.,
Hou F.C AL, FLAS, Secretary, Rﬂé&l Aceronautical Socicty;
Air Commodore F.~ R. Banks, C.B., OB.E., FR.AeS.,
MIMech.BE, HonFIAS, Managing Directdf, Blackbum
Engines, Vice-Pres:dent Royal Aeronautical Society; A. Barra-
clough, Barnster-ar-Law, Air Transport Course Lecturer: A, D.
Baxter, M-E, FR AcS. M Mech B, Dwocior, de Havillapd

CURRONT SCU NCE, YOL 60, NGO §.25 MARCH 1994

Engine Co. Ltd. (Rockets & Nuclear Powar), Member of Coun
cil, Royal Acromautical Society; Professor J. A. 1. Bennett,
D.Sc,, Ph.D., F.R.AeS,, Head of the Department of Aero-
dynamics, College of Acronautics, Cranficld, Member of
Council, Royal Asgropautical Saciety; E. C. Bowyer, C.BE,
Honorary Companijon, Director & Chief Executive, Society ol
British Aircraft Constructors: Major G. P. Bulman, C.B.E,
&R_.Ae‘s., Honorary Treasurer of the Royal Aeronautical
ciety,

D, W. Cawood, C.B., O.BE., M.Sc, Ph.D. F.R.Ae.S., Chicf
Scientist, War Office, Member of Council, Royal Acronautical
Society; Professor A. R. Collar, M.A,, D.Sc, FR.AeS, FIAS,
Department of Aeronautical Engineering, Bristol University,
Vice-President, Royal Aeromautical Society; Sir George Cyib-
bett, K.B.E, C.MG, 1350 Brtish Commonwealth Tecturer.

M. A. S. Dalal, Regional Manager, Awr-India Iater-
national,

Sir George Edwards, C:B.E., B.Sc., Hon.F.R.Ae.S., Manap-
g Dicector, British Alrcraft Corporation, Past President, Royat
Aeronautical Sqciety.

Air Chief Marshal Sir Francis Fogarty, GBE., K.CB,
D.F.C, AFC. Chairman of the Air League of the British
Empire; L. G. Frise, BSc, FR.AeS, AFLAS., Director
Special Projects, Blackburn Aircraft, Member of Council, Rgyal
Aegronautical Society,

Sir George Gardner, K.B.E., C.B., F.R.AeS., Controller of
Adreraft, Ministry of Aviation, Member of Council, Royal
Aeronautical  Society; H. H. Gardner, B.Sc, F.R.AcS,
Technical Dirtctor, Vickers-Armstrongs (Aircralf) Ltd. Mem-
ber of Council, Royal Aeronautical Society; Captain K. R,
Gazder, Divisional Qperations Manager (Western Divisjon),
Atr-India International Corporation.

Sit Amold Hall, M.A, F.R.S,, F.R.AeS,, Managing Direc-
tor, Bristo] Siddeley Engines 1td,, Director, Hawker Siddeley
{iroup, Past President, Royal Aeronautical Society; Sir Freder-
ick Handiey Paee, C.B.E. Hon F.R.AeS, President of the
Society 1945-1947; R. E. Hardiegham, CM.G., O.BE,
F.R.AeS,, 1952 Bntish Commonweaith Lecturer; Dr. G, S.
Hislop, B.Sc., Ph.D,, F.R.AeS, AR.CS.T., Special Director &
Chief Engineer, Fairey Division of Westlapd Ltd., Member of
Council, Royal Aeronautical Society. L

Sir Frederick James, O.B.E,, Managing Director, Tata
Ltd., London; Air Marshal Sir Owen Jones, KB.E.. C.B.
AFC., BA, DIC., FR.AeS.,, RAF. Retired, Consultant to
;;he Alr Ministry, President-Elect of the Royal Aeronautical

ociety

Shahau;yar M. Khan, Third Secretary to the High Com-
missioner for Pakistan,

Sir Hamish D, Maclaren, K.B.E., C.B., D.F.C., President of
the Institution of Electrical Engyneers; H. Marking, M.C,,
M.Inst.T., SecCretary, British European Airways: P. G.
Masefield, F.R.Ae §., M.InstT,, HonFLAS., Immediate Past
President of the Royal Aeronauticsl Society, Managing Direc-
tor, British Executive & General Aviation [td.: M. B. Morgan,
C.B.. M.A.. FR.AeS, Deputy Controller of Aircraft Research
& Development, Ministry e{ Aviation, Member of Counal,
Royal Aeronautical Society; Dr. E. S. Mouit, CBE., B.Sc,
FR.AcS., M.IMechE.. Technical Director, de Hawltand
Eagine Co. Ltd., President of the Royal Aeronautical Society.

J. R. D. Tata. British Commonwealth Lecturer, 1960:
W, Tye, OBE, B.Sc., FR.Ae S, Chief Technicat Officer, Air
Registration Board, Member of Council, Royal Aerconautical
Society; Sir  Frederick Tymms, KCLE, MC, FR.AeS,
lmmediate Past Mastet of the Guild of Air Pulots and Aix
Navigators,

S. Wiheatcrofe, Economic Adviser to RBritish Buropean
Airways, Aw Transport Course Lecturer; K., G. Wilkinson,
Manager, Fleet Planning Branch, British Furopean Aurways,
A Trapsport Coutse Lecturer: P AL dls, CB.E.
A FR AeS. Chajrman, Britnh Gliding  Assoviation, L. A,
Wingfield, MC,, D.IFC.,, A R.AaS., Solicitor ta the Royul
Actonautical Society,




F—

INFORMATION FOR CONTRIBUTORS

GENERAL

All manuscripls should be addressed to the Edutor, Current
Science, P. B No 8001, C. V. Raman Avenue, Bangalgre 560 080.
Submussion ol an article will e beld 1p imply 1hal it has nol been
previously published and is nol under consideration for
pubhcation elsewhere, and further. that if accepted, it will not be
published elsewhere. Three copies of contnbutions of ail
categaries are tequired, wilh a letter of transmattal gtving
{1) names and complete addresses of the authors and (u} title ol
the contmbution and the cafegory 1n which it is submitted {see
helow}).

Current Science 1s a multidisciplinary journal and therefore
research and review papers of general sigmilcanhce that aie
written clearly and well organized will be given preference. All
papers will be first assessed by a Reviewing Editor Papers found
unsuitable in lerms of the overall requirements of the journal will
be returned to the guthars. The others will be sent for detasled
review. Both sohcited and unsclicited matenal will be reviewed
Authors of these papers will be nolified of acceptance. rejection,
or need for revision of {he paper. Returned papers cannct be
resubmitted.

MNustrahiens and other maternal 1o be reproduced from other
publications must be properly credited: 1l s the authors
responsibiity to obtain permission for reproduction (copies of
letters of permission should be sent}.

CATEGORIES OF MANUSCRIPT

General articles (nol exceeding 5000 words) discuss current
trends in research in a field that will be of \nterest to readers
oulside the field. interdisciplindry topics, science pelicy and
adminisiration. or some aspect of the application of science and
technology to human needs or the impact of science and
{echnology on societysecosystemssitfe They should include a
summary not exceeding 100 words, introductory paragraph{s),
brief subheads al appropriate places lo pont 1o what follows,
lustrations that will help a general reader, and references.
Review articles (not exceeding 5000 words) are expected to
survey and discuss recent developments in a field They shouid
be well focused and ﬂrg;nxzedi and avoid a general, “textbook'
style.

Research articles {nhot exceeding 4000 words) should repor!
research results of fairly major significance. They should include
an abstract nat exceeding 100 words, introductory paragraphis).
and briefl subheads.

Research communications (not exceeding 2000 words) should
conlam 1mportant findings that are novel and of fairrly broad
interest. They should include a brief abstract and an intreductory
paragraph. Text should not be broken uvp under syubheads
Corregpondence includes letters, not exceeding 500 words, that
are of general interest to scienlists. All letters cannot be
published. Scientific correspondence containg technical comments,
mncluding those on arfacles or communmcations published in
Current Science within the previous six months Lelters may be
reviewed and edied,

Research news articles are intended to inform nonspecialists
about recently pubhshed advances or important lindings
discussed at a meeling Authors should also send a copy of the
paperis) on which the arucle is based Meeting teports should
avoid merely isting brief accounts of topies discussed, and must
canvey to readers the signilicance of an wmportant advance.
Book reviews. Unsovhcited reviews will also be considered.

Reviews that merely 'hist' brief descriptions of Lhe contents
cannot be pubhished. Reviews should have ‘context’ and convey
gsome information about the subject ol the book.

Opinion arlicles presen! views on issues relaled to science and
screntific activily. Commentary articles should confayn ex-
pository noles on issues related to science and scientific activity.

Historical notes inform readers about interesting aspects of
personalities or tnstitutions of science or about watershed events
in the histarysdevelopment of science; most are expected to relate
ta Indra. Mustrations are welcome Brief jtems will alsg be
considered.

MANUSCRIPT PREPARATION

Manuscripts should be typed double-spaced on one side of white
bond paper (23 %28cm). The pages should be numbered
consecutively, starting with the tille psge and through the text,
reference list, tables and higure legends. The title should be brief,
specific and amenable to indexing Not more than five keywords
should be indicated separately, these should be chosen carefully
and must not be phrases of several words. Summary and abstract
should not have mare than 100 words and should convey the
main point of the paper, outline the results and conclusicns, and
explain the significance of the results.

Text, All papers should have a hrief introduction. The text should
be intelhigible to readers in different disciphnes and technical
terms should be defined. Tables and figures should be referred ta
in numenical order. Al symbols and abbreviations must be
defined. and used only when absolutely necessary Superscripts
and gubscripts and ambiguous characters should be clearly
indicated. Unuts of measure vhould be metric or, preferably, Si.
Methods should. as far as possible. bé described briefly in
appropriate table and ligure legends

Figures. In the case of hne drawings one set of eriginals fwithout
any lettening) is sufficient, with two copies contasning lettering,
In the case of photographs good prints are requued with each
copy of the manuscript, photocopies are not acceplable, Line
drawings should be roughly twice the final printed size. The
correct orientation should be indicated if not clear.
Photomicrographs and other photographs thal require it must
have a scale bar, which should be defined ¢learly in the legend.
Primary dala sheuld be submitted as far as possibile (e g. actual
photographs of electrophoretic gels rather than idealized
diagrams).

References should be numbered 1n the order in which they
appear. Hirst through the text and then through table and figure
legends. The following are examples of ways of writing
references:

1 Mukundan, T. and Kishore, K.. Cure Scr., 1991, 60, 355-3562,
2 Constantne, G., in Biuwology of Bats (ed. Wimsatt, W, Al
Academic Press, New York, 1970, vol. 1. pp. 319-322.
Acknowledgements should be brief. Footnotes are not allowed
except to idenlify the corresponding auther f not the hirst.
Cover photographs. Good pholographs {colour or biack and
whitel that pectain o a submitted paper wiil be considered for
use on the cover. Good prints and a legend should be submiited
with the manuscnpt In the case of a colour picture, a
transparency wilt be required for printing 1f accepted.

PROGFS AND PUBLM.ATION

Two sets of galley proofs are sent to the correspanding author. A
reprint order form accompanies the prools

 S— S, .

481)

—_ A ———_!

- - —— ——— L,

CURRENF SCIENCE, VOL 66, NO 6,23 MARCH 1994




