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1. INTRODUCTION

It is indeed an honour to have been asked by the Council of the Royal Aero-
nautical Society to deliver this lecture on the occasion of the Society's Centenary
Celebrations. The subject suggested to me was: 'Britain's Influence on World
Aviation Past, Present and Future.' 1 suppose the Council wanted to get an
assessment from a non-Briton in order to get a view that, favourable or un-
favourable, would come from someone outside these Islands.

The January issue of the Society's  Journal,  covering in general this same
subject, displays 297 pages. 1 am to do this job in 40 minutes. This obviously
means a condensation of heroic proportions causing, I fear, many important
omissions, especially in the oral presentation. It will, however, show what
items in this tremendously impressive record strike me, a foreigner, as being
outstanding. I would like to begin by quoting the opening sentence of the
late Sir Sydney Camm in his piece entitled 'A Lifetime of Design' appearing
in the Centenary issue of  The Journal  ofJanuary 1966:

Although it is only the future that matters, the Centenary of this Society
justifies a glance at the past — but what is one to look at ? So much has
happened.

Indeed, there has been a great record of achievement for Britons in aviation
in research, theory, design, development and production.

Although the future is all-important, to fulfil my task I must look back.
One might symbolise the scheme of the paper in terms of a tree. The roots
are the great work of Sir George Cayley carried on by Henson, Stringfellow
and Wenham. Then the trunk represents the contributions of a number of
pioneers in theory, in concepts of flying machines, in founding an aero-
nautical society, in gliding, in designing and in writing throughout the one
hundred odd years up to about 1908 — from Cayley to Lanchester.
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Then the branches appear, some representing the work of the giants of

British aeronautics, many of whom found their inspiration for aviation

roughly during the 1908 to 1920 period. Other branches may be symbolised

as fields within aeronautics such as aerodynamics, structures, materials,

powerplants, equipment, air transport and systems concepts (military and

civil), to many of which the giants made substantial contributions. The
impacts of both reached the world by the winds of publication, lectures,

demonstrations, contests and personal contacts. In this, the part played by
the Royal Aeronautical Society has been most important.

My lecture is to deal with aviation, the heavier-than-air field. The broader

subject, aeronautics, encompasses all forms of aerial locomotion including
lighter-than-air. For completeness, I will say something of the latter, because

in the early days there were ardent champions of both.

2. A GREAT HISTORY

I preface this section of my lecture, probably also applicable to the whole

paper, by a quotation from R. E. G. Davies as the opening to his article in the

January  Journal  dealing with air transport :

A chronicler of history can easily be carried away with enthusiasm for his

chosen subject and as a consequence, lose impartiality.

Now, following our tree analogy, may we start with the roots, the work of

Sir George Cayley. He was a man of great breadth of interests and achieve-

ments. He was a scientist, in the sense that he applied the scientific method of
concept, research, experiment and conclusions; an engineer, in that he

developed actual devices based on his scientific studies; and with all, a man of

great vision. And much of his work was conducted before 1809 when he

published his findings on aerial navigation in  Nicholson's Journal.  What he

developed was fundamental to aeronautics. He wrote, and how true it is,
'The whole problem is confined within these limits, viz. To make a surface
support a given weight by the application of power to the resistance of air.'

But he accomplished far more than this simple statement of fundamentals.

Time will not permit a discussion of each of his many developments, but their

importance is such that I will list them as summarised in the excellent book

The Aeroplane, An Historical Survey of Its Origins and Development  by
Charles H. Gibbs-Smith. The list of Cayley's accomplishments is:

(a)  to lay down the scientific principles of heavier-than-air flight;
(1))  to carry out aerodynamic research for flying purposes, on the pressure

on surfaces at various angles of incidence (he used a whirling arm

machine);
(c)  to use models for flying research;
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comments on the great contribution to the science of aerodynamics by the
publication in 1907 of F. W. Lanchester's book,  Aerodynamics,  to be followed
the next year by Aerodonetics. The importance and great influence of these
books is best shown by quoting a passage cited by Gibbs-Smith from the

Journal of the Royal Aeronautical Society:

These two books form the foundation of flight as we know it today. They

revealed an insight into aerodynamic problems which was all the more
astounding when so little was known . . . he first put forward the now well-
known conception of the vortex or circulation theory of sustentation in
flight. Professor Sutton says that lanchester made an advance as notable
as that of the Wrights, although less spectacular. He laid the foundations
of modern aerofoil theory, that is, he found the origin of the all-important
lifting power of the fixed wing. . . . He also attacked the difficult and intri-
cate problem of stability.' The German mathematician Ludwig Prandtl
finally confirmed and developed the circulation theory, and today it bears
the name of the `Lanchester–Prandtl Theory'.

It is interesting to note that although published in 1907-8, the research and
experimental investigations involved in their preparation was started in
1894 using, among other devices, flying models.

Let us now look into British world-wide aviation influence in the modern
era which it is reasonable to select as beginning in 1909.

3. DISTINGUISHED MEN

The eleven years following 1909 include the First World War; this was a

period that was characterised by an influx into the field of great personalities,
of giants in British aviation, whose impact was world-wide. The war period
brought about substantial advances in aviation, particularly in the use of the
aeroplane for observation missions and for pursuit combat — the dogfight.
Subsequent to 1920, many more men of eminence have taken their place

among these 'greats'. Many of these will be mentioned in special connections
hereafter and I am sure many others deserving of recognition because of their
contributions may be omitted. My apologies to these latter.

Those pioneers I list now have been selected because of their outstanding
place as industrialists, scientists, engineers, designers or pilots, with several

of them possessing eminence in two or more of these categories. Here one
must emphasise that British influence in world aviation has been through
people as well as by great aircraft, important scientific findings or products of

industrial firms. These men by their competence in these, plus character and
personality, have added much to the pre-eminence of British aviation. My
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list of these early pioneers is the following, most of whom were either knighted
or were created Lords in later years:

J. T. C. Moore-Brabazon
Sydney Camm
Geoffrey de Havilland
Roy Dobson
Sholto Douglas
Richard Fairey
William Farren
Roy Fedden
Arthur Gouge
Frank Halford
Ernest Hives

Melvill Jones
Frederick Handley Page
Alliot Verdon Roe
The Short Brothers, Eustace,

Horace and Oswald
John Siddeley
Thomas O. M. Sopwith
Richard V. Southwell
Geoffrey I. Taylor
Henry Tizard

Most of these I have known personally and one notes with regret that about
three-quarters of them have passed away.

Before closing this section of my paper, I would like to pay tribute to a
few Britons who, I feel, should receive special mention because of the

particular nature of their impacts on world aviation. Such a list must surely
include several presidents of the Society not mentioned in other connections
in this lecture, such as Major B. S. F. Baden-Powell, Lord Sempill, Sir John
Buchanan and Major Bulman. And then by all means, Capt. Laurence
Pritchard to whom the Society owes so much throughout the long period of

his secretaryship. Also to Dr. Archie Ballantyne who has carried on so well
subsequently; and as one from abroad, the late Miss Florence Barwood who
for many years tended so helpfully and graciously to our needs when visiting

your fair country.
And finally, a very special appreciation and tribute to Sir Roy Fedden, an

engineer of great ability, a man of great integrity, a leader in his technological
field of aircraft engines, a prolific writer, a leader in advocacy of aerospace
engineering and education and, above all, a great lover of his country, his

constant concern being her retention of leadership in aviation. Let me put
in a personal note. In 1934 my wife and I visited Coventry from which my
ancesters on my mother's side stemmed. On a wall of the Cathedral — the
old Cathedral — we found a plaque to Ann Sewell, wife of William Sewell,
Mayor of Coventry in 1606 and Member of Parliament 1620-21. After giving
the vital statistics, the plaque read, 'a stirrer up of others'. I thus claim some
affinity to Sir Roy in this quality I myself have and that he possesses to
marked degree, 'a stirrer up of others'. In so doing in the matters in which he
feels so deeply, he has performed a great service to the Society and to his
country.
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4. NOTABLE AIRCRAFT

Next let us consider those aircraft which it seems to me have, at the time
of their development, been so outstanding as to have influenced world avia-
tion, by design innovation, by wartime success, by example or by competition.

I would like to stress a point here which applies to this and subsequent
sections of my lecture. My subject deals with great British contributions to
world aviation and her influence. It is not my intention nor desire by so
doing in any way to diminish the lustre and influential contributions to world
aviation of the men, aircraft, exploits and innovations of other countries.

My list of notable British aircraft includes Folland's SE5a, the Sopwith
Camel, and the DH4 in the First World War. These three aeroplanes did
yeoman service, the first two as fighters and the DH4 as a bomber; the Camel
was used as both fighter and bomber and also for ship deck use. The DH4
was used most extensively as a bomber and was selected, with Liberty engine
powerplant, for production in the U.S.A.

de Havilland Moth. This private venture, personal aircraft, designed in
1925 by Sir Geoffrey de Havilland and Charles Walker, was the first really
fine personal aeroplane. Proof is the very large production and sales which it

enjoyed. Its Cirrus engine was developed by Frank Halford.
Fairey Fox. About 1926, Fairey developed the Fox whose lines were so

clean and wing design so refined as to surpass contemporary fighters in speed
by a considerable margin. The model was purchased in substantial numbers
for the R.A.F. and was accepted by the Belgians as their standard fighter,

being constructed in a Fairey-operated factory in Belgium.
Handley Page  42. This transport aeroplane was used for a really de luxe

service between London and Paris. I well recall a flight my wife and I made

in the Hannibal in 1934. Speed was not very great (' built-in headwinds' of

C. G. Grey) but comfort and cabin service were superb.
Hawker Hurricane. First flown in 1935, this design of Sydney Camm with

Merlin engine was a large factor in winning the Battle of Britain. Any factor
that contributed to the winning of the Second World War which saved western
civilisation can be said to have been the ultimate as an influence in world
progress. Great Britain contributed most to this end in the first years of the
war, standing alone against the Hitler menace. The Hurricane played a part

in achieving this success.
Supermarine Spitfire. In 1936, this aeroplane appeared, also with Merlin

engine, with performance well ahead of any other aircraft in the fighter field.
Its contribution to the winning of the Battle of Britain was of the same high
order as the Hurricane and its performance was such that it went into
extremely large series production throughout the war.

Bristol Blenheim. Coming out in 1936, this twin-engined bomber served
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Two developments of far-reaching importance stemmed from the invention
and experiments of Handley Page and his associate, Gustav Lachmann. These
were the Handley Page slat and slot, frequently in association with flaps, and
boundary layer control. The former has been used successfully on many air-
craft in many countries and the latter holds out a potential for drag reduction
unmatched by any other innovation. Great credit is due to H.P. for his
research into practical as well as theoretical problems and his vision in
recognising this potential.

There are two more aerodynamic achievements of a different kind that
influenced world aviation — complete aeroplane developments. These were
the design by Mitchell of the Spitfire, using several concepts stemming from
the work of Melvill Jones (streamlined shapes, elliptical wings, 'clean' sur-
faces) resulting in the production of this most refined aircraft that did so
much to win the Battle of Britain. This aeroplane possibly more than any
other 2ave the R.A.F. the equipment which permitted its pilots to do the job.
Churchill rightly said, 'Never in the field of human conflict was so much
owed by so many to so few'. Also should be mentioned in the present context,
the de Havilland Comet, with its buried jet engines and over-all cleanness —
a truly beautiful aeroplane.

Britain also contributed considerably in the development of the slender
delta configurations, one built by Handley Page, the 115, and the other the
B.A.C. 221.

Let us now consider British influence in the field of structures. As in the
case cited under Aerodynamics . I was also influenced by a book on structures
with the title, Aeroplane Structures, by Pippard and Pritchard. By studying
this book, I was able to supplement my civil engineering type of training to
permit its application effectively to structural problems associated with the
design of aeroplanes. During the subsequent years . I have felt that G. Lach-
mann's writings on structural design (as well as on aerodynamics problems)
had substantial influence in clarifying several current problems.

The Society's 'Stressed Skin Data Sheets' had their influence and useful-
ness. In the field of aeroelasticity, substantial contributions were made by
Pugsley and Roxbee Cox at a time when these problems, frequently of
catastrophic proportions, were causing great concern to designers throughout
the world. Professor Collar prepared a classic paper which shed much light
on this whole matter. The problems of fatigue in aeroplane parts became
increasingly menacing, particularly after the Second World War (and still
are) and good basic work was accomplished both from the standpoint of
design and of materials. One of the greatest contributions in this regard was
the pattern of testing performed on the Comet stemmin2 from her most
unfortunate fatigue failures. This procedure for accelerated service test
programmes (which establishes substantial assurance of structural integrity
throughout an aeroplane's life) has been widely accepted.
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Some important work of an innovation-type was done on superchargers
(Roots blower, exhaust-driven and gear-driven centrifugal) and also on fuel
development and the C.F.R. standard test engine for determining octane
rating; but by and large, the worldwide contributions in engines coming
from Britain were not impressive until about 1930. To tell this story, one may
well take up the work of the leading companies and designers from their
beginnings to the jet era.

1 will begin with Rolls-Royce. The early Rolls engines, Falcon and Eagle,
were good 12-cylinder, V, water-cooled engines and the company stayed with
liquid cooling throughout. Hives started with excellent associates, such as
A. G. Elliott, and through the years built up a magnificent team including
011ey, Livesey, Rubbra, Dorey, Greatrex and Lombard. Rolls-Royce came
much to the fore in 1929 because of its great engine for the Supermarine S6
Schneider Cup winner of that year and again in 1931 when the S6B retained
the Cup for Britain. A truly remarkable job was done in constantly boosting
power, and all in the span of a few months. Air Commodore F. R. Banks
helped a great deal in the area of fuel mixture to permit proper operation at
these high powers.

The Merlin engine of deserved Second World War fame, derived in many
respects from the racer engine, again, 'improvement of the breed' stemming
from racer impetus. The Merlin-powered Spitfires and Hurricanes flown by
Britain's famous fighter pilots were, I repeat, the deciding factors in winning
the Battle of Britain and also the War.

Mention must be made of the unique and outstanding Rolls-Royce opera-
tion at Hucknall, the engine installation works of this company. Here the
company at its own expense designed and made engine installations in many
aircraft, thus assuring the elimination of the frequent 'buck-passing' of
engine and airframe designers for power plant difficulties. Installations of
Merlins in the Lancaster at Hucknall assured a leading place among Britain's
bombers for that aeroplane.

I well remember going out to Hucknall early several mornings in 1942
with Tommy Hitchcock, U.S. Air Attache, to witness progress and flights of a
Merlin engine installed in the North American P51 Mustang. The final speed
improvement over the aeroplane with original U.S. engine installation was
about 40 miles per hour. Transmittal of this news caused great commotion in
Washington and resulted in the Merlin-powered Mustangs that served so out-
standingly as fighter cover for U.S. B24 and B17 bombers later on. Rolls-
Royce's own production for these were augmented by a large Merlin output
by Packard in the U.S.A.

A Merlin installation was also developed successfully for a Canadian
DC-4.

In Britain, Rolls-Royce set up factories in Derby, Crewe and Glasgow,
preferring direct management control as opposed to the shadow factory

























80 Aerospace Proceedings 1966

neutral to innovation. To the extent that this is so, the very existence of the
space program as a model of technological achievement may prove more
important to the economy than either the multiplier effect of its investment
or the "spillover" of its technology.'

My own conclusion is that the space effort of the U.K. should be somewhat
larger than it is now. Again, M. N. Golovine wrote, 'However, we must
prepare for the day when the UK has a significant space effort engaging the
attention of a significant scientific community.' In 1961, I delivered a lecture
to the Crantield Society on the subject, 'Space-Investment or Luxury —
Reflections on Aerospace Developments.' I concluded then as I do now in this
section of the present paper:

Regarding research and development in the space fields, I will say this:
do not believe that the nation that has accomplished such outstanding
achievements in the science of aeronautics and the arts and techniques of
aircraft design and development ; the nation that has Jodrell Bank and
Calder Hall to attest to her pre-eminence in radio astronomy and nuclear
power reactors, respectively, will not also achieve a leadership position in
many important aspects of space science and technology.

10. THE FUTURE OF THE INDUSTRY

The future of the industry and indeed of aviation in general in Great
Britain is, it seems to me, very closely associated with the larger economic
problems of the nation. The problem resolves itself into striking a proper
balance between what Britain can afford to do and (to put it crudely), what
Britain cannot afford not to do. This first involves the short-term view, the
latter encompasses the long-range future well-beinR of the country. It seems
to me that above all, research and development must not be stifled as in these
lies the hope of encouraging innovation in design and, as well, the training of
men.

A second factor greatly influencing the future is politics, including need for
clearcut and timely decisions on the government level. I must say that when
writing this in mid-July, the picture is blurred. From the lon2-rarwe point of
view, I remind you of what Lanchester said in 1908 in Aerodynamics regarding
aeronautics as the foremost of the applied sciences, and one demanding study
in the universities: `(It) ... ranks almost as a national obligation, for the
country in which facilities are given for the proper theoretical and experi-
mental study of flight, will inevitably find itself in the best position to take the
lead in its application and practical development. That this must be con-
sidered a vital question from a national point of view is beyond dispute.'

The over-all solutions to the great political and international discussions of
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the present seem to involve several co-operative developments of Britain in
association with the nations of Europe -- France, West Germany and
possibly others, and co-operation with the U.S.A. through purchase of the
more complicated aircraft from America, equipped to the maximum extent
practicable with British engines and equipment, to supplement research and
development and manufacture at home.

The first of the above policies (co-operative developments with European
countries) is typified by the Concorde venture in association with France and
negotiations centred on the Jet Strike Jaguar fighter and trainer, some type
of variable geometry aircraft and discussions of a Counter Insurgency type
(COIN), an air bus, a Spey-engined Mirage IV, and a possible V, STOL type
with Dornier. Very recently, Anglo-French mergers or close associations are
being discussed as possibilities. Mention in the press included Rolls-Royce-
Turbomeca and Bristol Siddeley-SNECMA, and in the aircraft field, B.A.C.-
Avion Louis Breguet.

In the second of these policies (purchase from U.S.A.) are the Fl 11 A (to
acquire the range of characteristics envisioned for the abandoned TSR2), the
Spey-powered Phantom jet (for R.A.F. and Navy) and A7A Corsair II and
the Lockheed 130 cargo aeroplane (for the R.A.F.) with four turboprop
power plants. These, of course, are in the area of requirements for military
use. One must not neglect, however, the possibly larger potential of civil
needs, governed by economic factors of airline operation, of timing to meet
competition, and of government attitude on matters of subsidy, exchange and
probably other considerations.

Another question bearing on the future is the size of the British industry,
both as to number of companies or groups and the attendant degree of
competition within the country itself. I have always felt that some competition
within a nation is important to development, in addition to competition from
outside. This, then, implies that one can go too far in the direction of mergers.
It seems to me the present degree of contraction is as far as should be under-
taken. This I understand to be two main airframe groups, one containing an
engine design and production company, another large independent engine
company, a minimum of independent airframe companies and a single
helicopter designer and manufacturer.

I have studied the Plowden Report quite carefully and have found some
passages with which I agree, such as its analysis of the past and its affirmation
of the great national Va l ue of the aircraft industry. But on the whole, it does
not advocate the steps which it seems to me are so greatly needed to create
stability, both for industry and government policy. The latter is, of course,
made difficult by frequently encountered changes in key government officials
to whom aviation matters are entrusted, a particularly important problem in
the announced reorganisation plan.

I do not feel it is appropriate to say much more, other than may be implied
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in the right way, it is not too late, although nearly so, to re-establish a British
initiative which will greatly ease many of the difficulties relating to finance
and markets, so depressingly commented upon in the Plowden Report.'

Here I insert two notes occuring to me after attending the dinner of the
Society of British Aerospace Companies held on 7th September, 1966, and
since viewing the exhibits of the S.B.A.C. Farnborough Display.

One notes with pleasure the favourable economic comparisons with former
years made, at the dinner, by the Minister of Aviation dealing with present
British aviation production and exports; also the assertions of confidence and
determination to achieve continuing progress made by the President of the
S.B.A.C.

However, at Farnborough one noted that the aircraft exhibited on the
aerodrome were models brought out some five years ago, with the exception
of the Britten-Norman Islander and in the static display of the Handley
Page 137 executive model now under development. These should hold the
line for another five years. But this does emphasise the need to get new models
under way in development at once, it seems to me, to forestall a hiatus in
deliveries in the 1970-73 period.

11. CONCLUSION

I count myself among those who view Britain's future in aviation as bright.
This is predicated on my hope and belief that the British Government will
make the sound decisions needed to warrant this optimism; decisions
involving the several points recommended by the Council of the Society and
including the continuation of an effective research and development industry.
The road has been a rough one for your country. Your tremendous contri-
butions to the winning of two world wars has been shatteringly costly in men
and wealth. Your talents and products are at present such as to form a sound
basis for continued effectiveness in all areas of aviation   research , develop-
ment, manufacture, sales and air transport. You have an unsurpassed history
in aeronautics, including pioneering achievements, men of stature, aircraft
of great utility, introduction of important innovations in many areas and
flight achievement records.

Whatever discouragements and tribulations have occurred, and they have
been many, I believe the inherent moral fibre of the British people will reassert
itself and make it possible to surmount them. I close with excerpts from
Tennyson's  Ulysses:

I am part or all that I have met
Yet all experience is an arch wherethro'
Gleams that untravell'd world whose margin fades
Forever and forever when I move.






