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Aims and scope

The aims and scope of The Aeronautical Journal are intended
to reflect the objectives of the Royal Aeronautical Society
as expressed in its Charter of Incorporation. Briefly, these
are to encourage and foster the advancement of all
aspects of aeronautical and space science. Thus the topics |
of the journal include most of those covered by the
various Sections and Groups of the Society, such as aero-
dynamics (including fluid mechanics), astronautics, dynamics
and control, flight simulation, guided flight, noise and
vibration, propulsion, rotorcraft, structures and materials,
systems and test procedures. Papers are therefore solicited
on all aspects of research, design and development,
construction and operation of aircraft and space vehicles.
Papers are also welcomed which review, comprehensively,
the results of recent research developments in any of the
above topics.

- Prof Glyn Davies
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Guidelines for authors

Papers will be considered for publication in The Aeronautical Journal if they
meel the terms and conditions below. If these are not met, the Editor reserves
the right to withdraw the paper without redress, which may be at any time up
to publication.

1.0 PREPARATION OF PAPERS
1.1 General

For a paper to be considered, three clearly typed (double spaced) copies must
be sent to the Editor with photocopies of figures (including any photographs) if
not included within the printed text. Handwritten manuscripts are not accept-
able. The accompanying letter must state that the paper has not been
published previously or submitted for publication elsewhere.

The receipt of papers will be acknowledged by return, with a copy of these
conditions and a reference number which should be used in all correspondence.

Prior to submission, manuscripts should be read critically by a third party
who is familiar with the subject area and has a good grasp of the English
language. Authors must also obtain permission where necessary to use any
material in a paper which is copyright or the property of any other persons or
entity. including their employers. Any fees incurred are the sole responsibility
of the authors.

1.2 Figures

All figures must be provided by the authors. Illustrations should be kept to a
minimum and should, where appropriate, be produced to the same scale. A
list of figures helps in the production of the paper.

1.3 Full paper format

Formal papers should comply with the structural guidelines below and should
preferably not exceed 10,000 words. The following is the recommended
generic format:

Title: The title should be kept short and concise.

Abstract: A single paragraph abstract of around 150 words which summarises
the paper and contains no references.

Nomenclature: A list of all symbols used in the text and figures, whether fa-
miliar or not, should be given in alphabetical order, with for example ¢ before
C. and all English letters listed before Greek symbols. Subscripts and Super-
scripts should, where possible, be listed separately. SI units should be used
throughout and are thus not required to be shown here.

MAIN TEXT

1. Introduction: Discuss the raison d'etre of the work, including
previous work by others and how the work being presented aims to
advance or complement this.

2. Descriptive section: This could be cither description of apparatus if an
experimental paper, or a discussion of the practical applications if a more
theoretical paper.

3. Theoretical section: Equations should be numbered in the
order given and referred to in the text by number as, for example, Equation
(19). Complex groupings should not be included in text, but should be
numbered as equations.

4. Procedural section: Describe the procedure which utilises that described
in (2) above.

5. Presentation and discussion of results: Tables of results, numbered in
order, should be referred Lo here, and should include only the main results.
Errors should be considered an important part of any analysis.

6. Conclusions: This section should be very concise, and bullet points are
recommended for clarity. The degree to which the aims have been
achieved should be clearly portrayed to the reader. Suggestions for future
work or work in progress are encouraged.

References: References should be numbered sequentially in the text as they

occur. For example, most commonly for paperst!’ and reportst2

1. Miller, P and Wilson, M. Wall jets created by single and twin high pressure jet

impingement, Aeronaut J, March 1993, 97, (963). pp 87-100.
2. Green. LE., Weeks, D.J. and Brooman, J.W.F. Prediction of turbulent boundary
layers and wakes in compressible flow. ARC R&M No 3791, 1979,

and for books®

3. King-Hele, D. Satellite Orbits in an Atmosphere, Blackic, Glasgow, 1987.

Appendices: If no suitable reference is available appendices may be used to

clarify certain points, such as a step in the theoretical analysis.

1.4 Technical Notes

These can be up to 2,000 words in length and have no set form. They can be
abstracts, comments upon unpublished papers, notes on interim results or a
prompt for further research. They do not have to contain figures or nomencla-
ture and may be in the form of a letter.

1.5 Engineering Notes

These are a maximum of one page and may be used to communicate practical
solutions to problems encountered on the shop floor or in the laboratory.

2.0 THE REFEREEING PROCESS
2.1 Initial refereeing

Two referees are used for a paper: one for a Technical or Engineering Note.
One copy of the manuscript is sent to each referee with a referee report form
and a request that the referee reply within six weeks or suggest an alternative
referee. Hence, in some cases, delays may occur in finding a referee with
suitable experience who is willing to review the paper. Authors may. if they
wish, provide a list of suitably qualified independent referees to aid this
process.

2.2 Revising the paper

Once both referees have replied, their comments are sent to the
authors who are invited to revise the paper as suggested. It is helpful if a list
of those changes included by the author is provided.

A paper will be rejected at this stage only if this is suggested by both referces.
Authors are reminded that the process is confidential, and that only referces of
the highest calibre are used.

2.3 Secondary refereeing

Unless a paper has been accepted “as is” by both referees, a revised manu-
script will be sent once more to the referees, with another report form. If the
Editor feels, having considered the second reviews, that the authors have not
adequately responded to the original reviews of the referees. then the paper
may be rejected. Thus it is imperative that all comments be addressed proper-
Iy by authors. A third referee may be approached if the Editor thinks this is
appropriate. The Editor ultimately reserves the right to reject a paper on
grounds of quality or lack of co-operation from authors.

2.4 Acceptance

Once a paper is accepted, the authors will he invited to send the latest version
of the text on disk, without any structure (i.e. no codes — tabs, bold. italics,
embedded figures, lables, equations elc).

The positions of equations should be indicated in the saved text. Original
figures should also be sent at this stage, a set being required without annota-
tion or borders as well as one with. For computer generated figures only those
in 300 dpi TIFF format can be accepted.

The preferred format is an Ascii text file on a 3-5” disk.

2.5 Following acceptance

About one month before the cover date, authors are sent galley proofs for
checking, and should keep this in mind if likely to be away during this time.
Authors are jointly entitled to 50 complimentary reprints of their paper, and
may order any number of additional reprints at a price subject to quotation.
These will be considerably cheaper if ordered to coincide with the original
print run, and in any case will not be available if ordered later than two
months after the cover date.
The original manuscript, figures and disk will be returned at this time.

CONDITIONS OF PUBLICATION

Unless specifically attributed, no material in The Aeronautical Journal shall be
taken to represent the opinion of the RAeS and its Council.
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The Lord Kings Norton of Wotton Underwood

PhD, DIC, FEng, FIMechE, Hon FRAeS
1902-1997

FOREWORD

Lord Kings Norton of Wotton Underwood, formerly Harold Roxbee
Cox, was president of the Royal Aeronautical Society during 1947-
1949. His contribution to the Society and the world of aeronautics
cannot be underestimated. Throughout his life he was witness to, and
influential in, a great many advances, much of which are touched
upon in this special issue of The Aeronautical Journal. From his early
work at the Royal Aircraft Establishment, Farnborongh, Lord Kings
Norton showed understanding beyond his years. Following this, his
pivotol role in the development of the gas turbine should not be
underestimated. Later, both the civil service and industry was to ben-
efit from his presence. His contribution to the Royal Aeronautical
Society mirrored his role in aeronautics, the two often combined —
the discussions that led to the establishment of Cranfield are a case
in point. Few of the Society’s past or future presidents could hope to
contribute as much.
Capt W.D. Lowe, FRAeS
RAeS president
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Extract from A Wrack Behind

Myself, when young

Lord Kings Norton

I was born on 6 June 1902, in Handsworth, a borough in Staffordshire,
which in 1911 became part of Greater Birmingham. Handsworth, in
those Edwardian days, could be described as a dormitory suburb of
Birmingham. Its character is now vastly changed and today it houses
large numbers of our immigrant population.

My father, William John Roxbee Cox, is described on his
marriage certificate as a master jeweller and indeed was, at the time
of his wedding, working with his father, Samuel James Cox, a
reasonably prosperous manufacturing jeweller in Birmingham.
Samuel had married an American lady, Emily Power Jones, who
was, I believe, distantly related to him, and my father was their only
child.

My mother was Amelia Stern, the third child of Henry Stern, a
Pole who became a naturalised Englishman. My memory of him is
vague but pleasant. I think he must have been a nice man. He was an
engraver on glass. He died of pneumonia in 1904 at the age of 54.
His brother Louis became a Church of England parson, but did not
achieve major preferment.

Harry Stern — he seems to have been more often Harry than Henry
— married Hannah Stokes, a forceful personality from Bewdley in
Worcestershire, and they had issue Louis, Eva, Amelia, Hildred,
Celia and Edith. Eva died very young, but all the others lived into
old age. Indeed Louis, of whom I was very fond, died at 84 and
Hildred at 94. They were all people of character but not philoprogen-
itive. I was an only child. Louis had another child, a boy who died in
infancy, and Celia, who married Allan Murray, had a boy, Duncan
and a girl, Mildred, who are my only first cousins. I believe [ have
several cousins of more remote degree, for my paternal grandfather
had seven brothers, but I am aware of only one, David Roxbee Cox
(later Sir David Cox), became Professor of Statistics at the Imperial
College of Science and Technology and afterwards warden of
Nuffield College, Oxford.

In 1904 my father, then aged 26 (he was born in 1877) went to
Canada with the idea of expanding the jewellery exports or starting to
manufacture there, I am not sure which. His prognosis was presum-
ably favourable as, a few weeks after his departure, my mother and I
followed him. We lived in Montreal long enough for my mother to
decide 1 was destined for McGill, but in some ways which I never
determined the venture was a failure and we returned to this country
to share a home with my paternal grandparents in Kings Norton, a
Worcestershire suburb of Birmingham which also, in 1911, was
absorbed into Greater Birmingham.

My ecarliest memories are against the background of this house, its
garden and the road on which it stood. I remember getting lost in the
garden playing hide and seek with my father, who had disappeared
from my two-dimensional world by climbing onto the roof of a
garden shed. I remember my grandmother lifting her skirts to put on
high lace-up boots — I had not previously been aware that she had
legs — before taking me out in the snow in my push-chair. I remem-
ber scribbling in imitation of my grandfather’s handwriting and of
his attempting to Iull me to sleep by promenading with me in his
arms up and down the dining room, singing a song entitled ‘All over
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the shop’. I cannot recall why he or the rest of the family, who were,
I believe, all present, thought this would work. I remember well a
circus procession passing the house but somewhere in this distant
little world reality must merge into dream because equally vividly I
remember floating down the staircase without touching the stairs or
banisters.

I think it must have been shortly before my fourth birthday that
we moved into another house in Kings Norton, not far from the first.
On one side our neighbours were a family called Wasserman —
father, mother and daughter. Father Wasserman was a German Jew
who had decided to seek his fortune in England and had married an
Englishwoman. His wife was called Lily and their daughter, a
fortnight younger than me, was called Sidonie. Siegfried Wasserman
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became a naturalised British citizen; my grandfather was one of his
sponsors in the process. Sidonie became friendly, so friendly that at
the age of four we decided to marry. This did not, however, come to
pass, though we remained friends to the end of her life in 1983.

It was at about this time I suppose, that I became interested in
trains — not particularly in travelling on them, but in watching them.
My grandfather, who in retrospect seemed to have plenty of time to
spare, used to take me to Kings Norton station on a fine afternoon
and we would sit on one of the benches thoughtfully provided by the
railway company and watch the trains go by. Expresses, dashing
through at high speed, smoke and steam trailing, whistle blowing
and strangely changing note as it passed, were of course the
favourites. Goods trains — I think we called them ‘luggage trains’
then — we thought rather boring. I remember it all so clearly: the
two foremen in charge of the station, one tall, middle aged, red
moustached, the other rather older, shorter, stouter, black mous-
tached, both wearing blue frock coats with trousers and hats (rather
like those worn by French generals except in colour) to match.

The engines of the Midland Railway were dark red and always
clean. Best of them were the 4-4-0 express engines; next, in my
affections, the 0-4-4 tank engines; least the 2-4-0 and 0-6-0 light
traffic engines. They all had an attractive smell of hot oil.

At the age of four I first went to school. The school was conducted
by Miss Dagnall. I cannot recall any other teachers. There were not
many of us and the eldest two, both girls who seemed tremendously
grown up, were ten. I quickly learned to read and write and was
encouraged to draw and to model in plasticine.

It was during this period that Birmingham was thrilled by the visit
of King Edward and Queen Alexandra to open the new University in
Edgbaston. My grandfather hired a room on the first floor of a building
in New Street down which the procession was to pass after the opening
ceremony about three miles away. We had a wonderful view of the
stolid King rhythmically raising his silk hat and the Queen waving
vivaciously to left and to right. This was in 1907.

How long I remained with Miss Dagnall I do not remember, but I
was still very young, probably still only five, when I went to what
was then a famous local school called Saxonhurst. This was an
establishment of a very different kind. There was a junior school of
little boys and girls, a boys’ preparatory school, and a boarding
school for adolescent girls. It was really a quite remarkable place. It
was run by four sisters, the Misses Stevens — Miss Louie, Miss
Bessie, Miss Nellie and Miss Evelyn. There were other teachers, but
I remember only Miss Barnard from my infant period and later the
young French woman who taught us her language while learning
ours.

I know that the methods that the Misses Stevens employed were
old-fashioned but they were tremendously effective. In the boys’
school we did not see much of Miss Louie, who spent most of her
time with the big girls but did a stint with us in emergencies. Miss
Bessie sometimes taught us Latin, and Miss Nellie drawing, but the
bulk of our instruction was from the youngest and toughest of the
sisters, Miss Evelyn. She rammed history, geography, arithmetic and
Biblical knowledge into us with ruthless energy.

I cannot remember playing any games at Saxonhurst. Our exercise
was to drill with a sergeant in a red coated uniform — on the lawn in
summer, in the classroom in winter. When not drilling us, the
sergeant was one of the local postmen, who delivered letters three
times a day, with oil lamps fixed to their belts in the winter to that
they could read addresses in the dark.

In those days the tradesmen called for orders and delivered the
goods. On Thursday mornings, for instance, Mr Stokes called to con-
sult my mother about the provisions for the forthcoming week. In a
rather mournful voice, having heard her ideas, he would recite a list
of things she might have overlooked (pepper, salt, mustard,
marmalade, tea, eggs, bacon and so on). Of course, sometimes we
had to go to the shop he conducted with his partner, Mr Fittall. As
you entered, Mr Fittall would be found on the left behind his
counter, dispensing teas, coffees, pepper, biscuits and other provi-
sions which seemed in keeping with his spare appearance and dark

moustache. On the right, except obviously on Thursday mornings,
and I don’t know what happened then, Mr Stokes, fair, stout, pale
and placid, equally appropriately served the bacon, ham, eggs, butter
and cheese.

This shop was in a street called the Cotteridge. Nearly all the
shops were there — Holbeach the butcher, Faulkes the baker, Lynam
the ironmonger, Lawton the dairyman (who also sold cold ham and &
la mode beef), Gritfiths the fishmonger, and Bloomfield the chemist,
whose shop was dominated by a large glass vessel filled with water
in which leeches leisurely disported themselves. There were Rhodes
at the china shop, the Misses Day who sold cottons and fabrics,
Brookes the corn chandler, Stephens at the post office, and the Unit-
ed Counties Bank, destined one day to become part of Barclays.
Altogether a very comprehensive shopping street, with at one end
the terminus for the trams from Birmingham, rather unstable vehicles
which always made me feel ill.

At Saxonhurst our knowledge was tested in a way of which Mr
Robert Robinson’s Brain of Britain quiz is reminiscent. We stood in
a row in an order determined by the last test in the same subject. A
question was fired at the boy at the top. If he answered correctly, boy
number two was given a question, and so on. Correct answers
produced no change, but failure to answer correctly did. If, say, boy
number three answered wrongly, number four had a go. It he was
right he moved up to number three and number three moved down to
number four. It was possible, in a class of eight — and that was
approximately the size of a class — for numbers one to seven all to
fail and for number eight to go right to the top, but drama of this
kind was infrequent.

We all learned the catechism and, learning a verse a day, memorised
whole chapters of the Bible. By the age of 10, we were speaking
simple French and reading De Bello Gallico. We did not learn
Greek. Drawing consisted only of copying patterns from sets of
printed cards, which is probably why a great deal of my doodling is
of an abstract but symmetrical character. History came mainly from
a book called Little Arthur's History of England. 1 do not recall the
identity of Little Arthur, but I do recall the rather misleading opening
words of the book — “You know, my little Arthur, that the country
you live in is called England; it is joined to another country called
Scotland and the two together are called Great Britain.”

Geography was largely a matter of memorising the counties of
England, the bays of England, and the capes of England. Scotland
we ignored and Wales was merely part of England. Starting on the
capes somewhere in Northumberland we would descend in monoto-
nous recitative the East Coast, noting Flamborough Head, Spumn
Head, and Orford Ness; sweep round Kent with due tribute to North
Foreland, South Foreland and Dungeness, turn West past Beachy
Head and Selsey Bill, reaching in an excited crescendo St Cather-
ine’s Point and The Ne...ee...ee...dles. We took a deep breath at
The Needles and in a calmer tone, about an octave lower, we began
again with Portland Bill, Start Point and so on, working our way
steadily round Cornwall, round Wales, up the Lancashire coast
ultimately arriving breathlessly at St Bee’s Head in Cumberland.

The methods of the Misses Stevens appear extraordinary now, but
I don’t think they were extraordinary then. We learned a tremendous
number of facts, which was particularly useful when we sat exami-
nations for entry into the secondary stage of our education.

In those days the leading secondary schools in Birmingham were
all part of the King Edward VI Foundation. They probably still are.
Chief of them was King Edward’s New Street, and there were King
Edward’s Five Ways, King Edward’s Camp Hill and King Edward’s
Aston. How the choice was made in my case, I am uncertain. Possibly
my family were influenced by convenience in travelling for, except
for Aston, they were all close to nearby railway stations on the line
which ran through Kings Norton. Whatever the reason, I sat the
entrance examination for King Edward’s Five Ways, the headmaster
of which was a reverend gentleman named McCarthy, in 1912, The
examination gave me no difficulty at all. I did the Latin paper,
completely correctly, in a quarter of an hour. The Misses Stevens
clearly knew what they were about. But though formally received
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into the school at a ceremony to which my mother accompanied me,
I never went there. My parents, perhaps mindful of the disturbing
effects tramcars had on me, appeared to have decided that the journey
by train from Kings Norton (stopping at Bournville, Selly Oak,
Somerset Road and Church Road) to Five Ways would be bad for
my health.

In 1911 the Worcestershire County Council started in Kings
Norton itself a new secondary school, which ultimately became one
of Birmingham’s newer grammar schools. The headmaster was Al-
bert James, who was determined to create a new centre of excellence.
My Mother went to see him and as a result, after learning of my entry
into KE Five Ways and giving me a superficial test in his study, he
accepted me and a few days after the start of the term, he put me into
Form IIb, the master of which was a young man called Berryman.

As I had to pick up what had happened in those first few days, I
was put in charge of a good looking boy of about my own age called
Alan Slatter, and 1 remained in touch with him, at intervals for the
rest of his life.

At Kings Norton I was extremely well taught. When I went there,
aged 10, I knew nothing of algebra, geometry, or trigonometry and
found my new kind of knowledge fascinating. History became more
interesting — though we learned little of history other than our own
— and English Literature was a joy. I think it was when I had
reached Form IV that I enjoyed the cadences of Lycidas and when 1
had reached Form V that I was fascinated by the Morte d’Arthur.
About that time too I read P.G. Wodehouse’s Mike, and today |
confess I am attracted much more to Wodehouse than to Milton and
Malory. Wodehouse is as great a master as either of them.

And now | am about to boast. 1 do not think I am a particularly
vain man, but I cannot refrain from remarking the unbeatable record
I achieved at my school.

We had a highly competitive system which, I expect, would be
criticised very adversely today. We were allotted marks for every-
thing and on every Friday of the term the marks we had gained in the
week were added and our position in form recorded. I was {requently
first and shared the first places with Messrs Davies, Holbeach and

’APRIL‘1‘999

Brown. We moved up the school together and no one else was ever
in the first four of our form.

At the end of term we had examinations. These, of course, were
marked too. Then each boy’s term marks were added to his examina-
tion marks and the grand totals used to decide the final ‘positions’ in
the form. At the end of every term in which the system operated
(I think in my last term the small VI form, in which people were
specialising it did not) I was top. That is the end of my boasting. I do
not know whether my achievement was ever equalled: it cannot have
been beaten.

In only one subject was I never comfortable — chemistry. 1 did
well enough, but I never liked it. In my senior years I was taught it
by the headmaster. Whether chemistry is in fact lacking in theory
and logic, or whether I was taught in a way which made me think so,
I am uncertain. 1 hesitate to criticise the headmaster. He taught me
French excellently. But somehow, in chemistry, I was certainly far
less at home than in anything else, and this failing had a decisive
effect on the conduct of my career, an effect which might indeed
have been disastrous.

I was at that time, 1918, destined for the University of Birming-
ham. Being excused the matriculation examination of that university
on the strength of my performance in the Oxford Senior Local exam-
ination, | was expected to enter the second year after what was called
the university’s Intermediate examination. The headmaster told me
that I should be taking chemistry in that examination. This depressed
me uiterly, and 1 was determined to escape the test. I persuaded
myself that the pursuit of a university degree was an unnecessary
delay in developing the career I wanted, and I persuaded my family,
who were utterly ignorant of the importance of academic instruction,
that I ought immediately to enter the world with which I had for so
long been enamoured, the world of aviation. So my father, then
working as his war effort at the Austin Motor Company, got in touch
with John Kenworthy, who was at the head of the aeroplane design
organisation of the company. The result was that at the end of the
summer term in 1918 I left school and entered the aeroplane drawing
office at Longbridge.

Contributions of Harold Roxbee Cox
(Lord Kings Norton) to specialist aspects
of aeronautical technology

Dr Geoffrey Pope, FEng, FRAeS

Prior to his departure from the Royal Aircraft Establishment in 1938,
Roxbee Cox published an impressive range of specialist papers
relevant to the design and analysis of airships and aircraft.

His earliest published paper() (Refs are on p 227), on the external
forces on an airship structure, was based on his work on the R101 at
the Royal Airship Works, Cardington. This comprehensive mono-
graph, which was awarded the R38 Memorial Prize by the Royal
Aeronautical Society, addresses, in turn, the range of loading condi-
tions that needs to be considered, safety factors to be used in design,
calculation of individual load components, and estimation of stresses
within the structure (this consisted of longitudinal and transverse
members braced with wires).

Papers produced by Roxbee Cox after his move to the Royal
Aircraft Establishment in 1929 relate mainly to aeroelastic effects
resulting from the finite stiffness of aircraft wings. Initial publication
was generally in the Reports and Memoranda series of the Aeronautical
Research Committee; the papers were written, in some instances,
jointly with colleagues, and are concerned either with the calculation
of wing torsional stiffness (the calculation of bending stiffness was
already well understood) or with aeroelastic effects per se.

This work was undertaken at a time of rapid change in aircraft
structural design due to the advent of stressed-skin construction. The
earlier papers on the estimation of torsional stiffness® 3 relate to
two-spar wings whose stiffness is contributed entirely by the differ-
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ential bending of the two spars and the restraint imposed by stiff
ribs. A subsequent paper® takes account of the torsional stiffness of
closed-cell spars and makes some atlowance for the contribution of
the skins. The implications of the assumptions made in the analysis
are stated clearly, with due acknowledgement of the desirability of
treating the wing more rigorously as a multi-cell tube (reference is
made to the work of Duncan on this aspect). The only other publica-
tion by Roxbee Cox on the torsion of thin shells is a brief note on the
optimum design of single-cell tubes which includes some useful and
now familiar results deduced by his students at Imperial College®™.

Turning now to static aeroelastic effects resulting from finite wing
stiffness, three significant papers©-% were produced by Roxbec Cox
in collaboration with A.G. (subsequently Sir Alfred) Pugsley. These
are concerned both with divergence and with the estimation of
aileron power and introduce, for the first time, the concept of the
reversal speed at which aileron effectiveness drops to zero. A rapidly
convergent iterative method is described for the calculation of this
speed and a simpler alternative approach, based on a ‘semi-rigid’
representation of the wing, is proposed for use in wing design. Some
general conclusions are also drawn on the effect of wing taper and
aileron span on reversal speed.

Roxbee Cox’s paper, A statistical method of investigating
relations between the elastic stiffness of complex wings and
wing—aileron flutter®, is of interest from the historical viewpoint.
His basic thesis, at that time, was that it would not be practicable to
carry out an elaborate series of tests and calculations, based on the
work of Frazer and Duncan, to evaluate the flutter characteristics of

Above: The R101 leaves the mooring mast at Cardington on its final trial flight before leaving for
India, 4 October 1930. Right: The R101 structure with a partially-inflated gas bag.
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every wing design. He advocated therefore an approximate tech-
nique whereby the behaviour of a new wing could be deduced from
the characteristics of existing wings. While the paper is well argued,
its basic rationale is obviously superseded as a consequence of
subsequent developments in analogue and, more recently, digital
computing capabilities.

Much of the work reported first in the aforementioned Aeronautical
Research Comimittee publications is brought together conveniently
in a paper presented by Roxbee Cox to the Royal Acronautical Society
in November 1933 and published subsequently in the Society’s

journalcto,

In the vealm of structural analysis Roxbee Cox also produced a
serics of fundamental paperst!13 on the synthesis and analysis of
three-dimensional statically-determinate frameworks, two of which
were written subsequent to his departure from the Royal Aircraft
Establishment. His interest in this subject had presumably been stim-
ulated by his earlier involvement with airship design. Such structures
are seldom used today, so the rather elegant theorems that he
deduced appear now to be mainly of academic interest.

All the diverse papers referred to above demonstrate clearly
Roxbee Cox’s ability to synthesize complex structural and aeroelastic
problems in physical terms and to produce dependable analytical
results in a form comprehensible to an aircraft designer. The two
contributions of most enduring historical significance are the paper
concerned with external forces on airship structures, and those relating
(o loss of aileron effectiveness due to wing torsion.
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~ THE AERONAUTICAL JOURNAL

The Royal Aeronautical Society

(FOUNDED 18686)

with which is incorporated The Institution of Aeronautical Engineers

‘No. 225. SEPTEMBER, 1920. Vol. XXXIIL.

THE EXTERNAL FORCES ON AN AIRSHIP STRUCTURE*

WITH SPECIAL REFERENCE TO THE REQUIREMENTS
OF RIGID AIRSHIP DESIGN

BY
HAROLD ROXBEE COX, Pu.D., D.I.C., B.Sc.(Enc.)
THe R.38 MEeMoriaL Prize Paper rFor 1928

§1. THeE COMPONENTS OF A SYSTEM OF EXTERNAL FORCES

A system of external forces on the structure of a rigid airship can be
analysed into two or more of the component systems due to

1 W. The Weights of the members of the structure and the weights
of the masses carried by it;

The Lift and pressure of the gas; .

The Aerodynamic forces consequent on the relative motion of
the airship and the air;

The Thrusts of the airscrews;

The Reactions due to either the mooring arrangements, the
hauling-in guys, the supports used in the shed, or handling
on the ground.

SR
A5 Pr

As these component systems, though restricted by their interdependence,
are individually variable, a very large number of complete systems is repre-
sented by the possible combinations and variations that can occur. It becomes
necessary, therefore, for the purposes of design, to attempt to limit the number
of combinations to be considered, and to restrict the variations of the com-
ponents, but in such a way that the structure designed to carry the resulting
systems with adequate factors of safety, shall be able to carry any other possible
system with an appropriate factor of safety.

§1.1. The Possible Combinations of the Components

The possible combinations of the five components with the conditions for
the ship to which they correspond, are

(a) Ship in the Shed

* Submitted March, 1928,

A 1999

. The ﬁfét fgwy‘pagésk of The external forces“oh an airship structure with spé‘cial‘reference‘ to the requir'e’ménts of rigid airship design(V.
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Extract from A Wrack Behind

Cardington

Lord Kings Norton

The performance of German airships during the war, and the double
crossing of the Atlantic by the airship R34 in 1919, sufficiently
impressed the Air Ministry that it embarked on a British airship
programme which produced R38 and R80. The Ministry was
undoubtedly deterred by the appalling R38 disaster in 1921 but,
presumably as a result of Professor Bairstow’s demonstration of the
inexcusable inadequacy of the R38 design, they did not abandon
their plans. After all R80, to the design of B.N. Wallis, the great
engineer who became famous as Sir Barnes Wallis after the 1939-45
war, had been a success.

So in 1924 the Air Ministry decided to order two airships, each of
five million cubic feet capacity. One, to be called R100, was ordered
from the Airship Guarantee Company, a Vickers subsidiary headed
by Sir Denniston Burney. It was to be built at Howden. The other, to
be called R101, was to be built by the Air Ministry itself, at the Royal
Airship Works, Cardington. At the head of the Burney design team
was B.N. Wallis. At the head of the Air Ministry design team was
V.C. Richmond.

In July 1924 I reported for duty at Cardington, which is about two
miles from Bedford. Richmond told me that I was a temporary civil
servant graded as a ‘calculator’ and put me in charge of T.S.D.
Collins, a naval architect who had been concerned with the design of
the ill-fated R38. For quite a long time afterwards the calculating
department staff was two in number.

Collins was an extraordinarily kind man and I was technically
responsible to him for the ‘whole of my time at the Royal Airship
Works, though the organisation was rather loose and Richmond, who
had not recruited Collins but had so-to-speak inherited him via the
Air Ministry, was apt occasionally to by-pass him.

Collins immediately gave me a conducted tour, via the administra- -

tive offices, the drawing office and the hydrogen plant to the two
great sheds, one of which housed the unfinished airship R37. He
appeared to think I should view this from the narrow walkway which
ran from end to end of the shed just under the apex of the roof,
which was 180ft high. So up we went.

The first part of the climb was up a series of staircases but the last
part included a ladder about 20ft long which ran up nearly vertically
with the floor of the shed over 100ft below.

Collins swarmed up this appalling structure. Perhaps naval architects
have to climb up ships’ masts. At any rate the ladder clearly had no
terrors for him. It had for me but there was no alternative. I had to
follow, and my satisfaction at safely completing the ascent was utterly
negated by the realisation that I had to return. However, I finished
the trip unscathed but swore I would never do it again.

Clearly, in those early days, the design of the ship was in a very
fluid state, though the basic notion of a structure with heavy trans-
verse frames and relatively light longitudinals was in the air. One
day Collins took me into a long room in which were men kneeling
on a smooth floor bending long fiexible wooden laths into curved
shapes. I asked Collins what on Earth they were doing and he said
that they were developing the shape of the airship. This I gathered
was ship design practice, conducted in what was known as the

in 1919 the R34 made a double crossing of the Atlantic.

moulding loft. I remarked that however practical this might be in
ship design it was quite unnecessary for the profile of an airship. In
its place I proposed that we should adopt as the profile a mathematical
curve of streamline form, the ordinates of which could be calculated
and used to design the ship’s structure.

I provided Richmond with a number of such shapes and we selected
one in which the length of the profile was five times the maximum
diameter (the fineness ratio). The maximum diameter was at 40% of
the length from the nose, and the radius of curvature of the profile
increased steadily from nose to tail. This was adopted as the shape of
R101, slightly adjusted at the nose and tail to accommodate the
mooring tackle and fin structure.

Meanwhile, the staff was being built up. I make no attempt to give
the order in which people arrived. A few were before me, more after.
But when the team was complete it included some unforgettable
characters.

At the top was the Director of Airship Development, Group
Captain (later Air Commodore) P.F.M. Fellowes, a natural leader
who, years later, commanded a flight-over-Everest expedition. Under
him was Wing Commander R.B.B. Colmore, charming and efficient.
In charge of flying, current and future, was Major G.H. Scott, who in
1919 had taken the airship R34 across the Atlantic and back. Chosen
to command R101 was Flight Lieutenant H.C. Irwin and to
command R100, about which I shall have something to say later,
was Flight Lieutenant R.S. Booth. In the later stages of the design
and construction of the ship these flying people were joined by Flt Lt
Atherstone (known as Grabby, he was born Grabowski but had
adopted his wife’s name), and Flying Officer Steff. The navigating
expert was Squadron Leader E.L. Johnson.
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In charge of the route planning — arranging for the construction
of mooring masts and sheds on the intended all-red?* route to
Australia was Major Sidney Nixon, a man who ran attractively sporty
motor cars.

Although I soon became acquainted with all these people, I was of
course primarily and professionally associated with the technical
staff. Richmond was at the head of it. He was a man I liked very
much and I believe he was a good physicist. He was not, however,
an engineer. He had been associated with the design of non-rigid
airships but had no experience of rigid airship design. Very few
people had. In my view, he was a good picker and recruited sone
splendid people. To balance the gaps in his engineering knowledge
and experience he had as his chief assistant a person of great bril-
liance and extraordinary charm — Flight Lieutenant (afterwards
Squadron Leader) F.M. Rope. In the difficult business of determining
the aerodynamic and other external loads in the airship structure and
calculating the consequent stresses in it, he had Collins, myself and
later John Baker (who became Professor of Engineering in
Cambridge, Sir John Baker and afterwards Lord Baker) and later still
(1926) Alfred Pugsley (who became Sir Alfred Pugsley and professor
of civil engineering at Bristol), together with a marvellous young
woman, Hilda Lyon, a Cambridge mathematician who unhappily
died young.

The drawing office had some very bright people. The most senior
was Frank Randle, who was very able and highly regarded. There
was Jimmy Uren, able and amusing. There was Bill Hayes, a first
class product of naval dockyard training and many other clever and
imaginative designers.

The production side of the Cardington team was headed by A.H.
Hall. Under him, and directly responsible for the construction in the
great shed, was Gerrish. The grand scale on which he worked — on
which, indeed, he had to work — was very different from what I had
been used to at Longbridge, and impressed me enormously.

While Gerrish was responsible for erecting the gigantic structure,
the doped fabric cover was the responsibility of J.W.W. Dyer, a
chemist of distinction. The hydrogen for filling the great gasbags
which Dyer also made was manufactured on the spot by Woodis
Rogers.

While the gasbags, the cover and the hydrogen were all made at
Cardington, the aluminium members of the great framework and the
engines were not.

The structural members were made by Boulton and Paul of
Norwich, a firm of builders and engineers which had constructed
aeroplanes in the 1914-18 war. The head of the aircraft side of the
company was John Dudley North, an engineer and mathematician of
tremendous ability. While Cardington specified the strength required
in the longitudinal and transverse members, the design of those gird-
ers was the work of North and his staff.

The engines finally decided upon were diesels designed and built
by Beardmore of Glasgow. The Cardington officer concerned with
the airship’s engine problems was Wing Commander T.R. Cave-
Brown-Cave. He was a clever and extremely energetic person but his
undoubted qualities did not prevent Beardmore, a firm with mainly
naval engine experience, producing engines of such great weight
that, despite their economical fuel consumption, affected the weight
of the airship and handicapped its performance.

The basic structure of all previous rigid airships consisted of a
number, 20 or more, of longitudinal members running from nose to
tail, supported by transverse frames. The rhomboid panels created by
the longitudinals and the frames were cross-braced and the frames
were braced in their own planes.

In R101 it was decided at the outset that there should be heavy
transverse frames which were, in effect, toruses needing no additional
transverse bracing, and relatively light longitudinals. This was a novel
departure from current practice. It had the advantage of permitting

#These were the days of the British Empire.
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much more accurate calculation of the loads in the framework than
was possible with the ‘standard’ geometry, and loads such as fuel
tanks and water ballast containers could be carried within the torus-
like structures.

Another departure from standard practice was the choice of only
15 ‘sides’ to the ship, rather than the 20 or more of earlier airships.
The Hindenburg had 36! I pleaded with Richmond to have at least
16 sides (as did R100), otherwise we should have serious difficulty
in achieving a symmetrical arrangement of members in the region of
the fins at the tail. He foresaw no difficulty but the outcome
completely justified my fear: at frame 13 there were 15 longitudinals.
At frame 14 there had to be 16.

The translation was accomplished by having at the top of the
13-14 bay a Y shaped member, and for nearly all the other longitudi-
nals to be twisted. To design twisted longitudinals in a tapering bay
was an appalling geometrical prospect, but the job was brilliantly
done by one of J.D. North’s staff called Adkin. He used a method
based on the use of direction cosines.

After the establishment of the shape of the ship and the outlines of
the basic framework structure the major task was to calculate the
external loads on the structure. These arose from its own weight,
from the static loads such as fuel, ballast, crew and passengers, {from
the lifting loads of the gasbags and the propulsive forces of the
engines, all of which were readily calculable and the aerodynamic
loads which were not. These loads arose from the skin friction and
pressure distribution on the hull during flight. The skin friction was
not difficult to estimate given the results of simple experiments, but
the distribution of pressure over the hull was another matter. We had
the results of tests in wind-tunnels to guide us but we could not
estimate from these figures the pressures on a full-scale hull. To get
the necessary knowledge it was decided to make full-scale experiments
with the airship R33.

Numerous pressure points were strategically chosen on the
envelope and connected by pipes to manometers within the airship.
Pressures were measured at different speeds and in different
manoeuvres. The general shape of the pressure distribution corre-
sponded with that given by the wind-tunnel tests but we could not
have made quantitative estimates of the loads for design purposes
without the full scale tests.

These tests were completed in two night flights. For those
concerned the conditions were rather uncomfortable. We were all
compelled to wear heavy flying suits smelling strongly of camphor
and, on top of them, parachute harnesses. The space available to us
was limited. There was a small area about amidships where the pres-
sure information from the manometers was gathered. Otherwise we
spent most of the time on the nine inch wide catwalk which ran from
nose to tail of the ship. Certainly on each side of the catwalk there
were bunks suspended but we had little time for reclining and in any
case it was rather difficult to get into them unless acrobatically inclined.

That we did sometimes have time to spare is evident, however,
because on one flight I went via the rearmost part of the catwalk and
climbed into the tail cockpit, originally designed for a rear gun.
Standing there and looking aft, slowly drifting over the English
Channel, I felt I was on a little platform in space.

Whether or not it was on the same flight I do not remember, but
on one occasion we were over London at about 2am and at about
2,000ft, flying slowly down Piccadilly.

To my very great regret I never flew in R101. In 1929, with the
ship nearing completion, A.H. Hall was appointed superintendent of
the Royal Aircraft Establishment at Farnborough. He decided that he
needed me at RAE and I, by then an established civil servant, was
moved to its airworthiness department.

In October 1930 came the awful news of the loss of R101. At first
the Government seemed to be set to continue with what was left of
the airship programme. Nixon was made superintendent of the Royal
Airship Works and I was moved back to become head of the techni-
cal staff, with the task of getting R100, which had made a double
crossing of the Atlantic and had been moved to Cardington, ready
for flight again. But this apparent determination to continue despite
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R101 on the mooring mast at Cardington shortly before its
first test flight in 1929.

disaster ended when, as a result of a governmental economy drive, it
was decided to bring the airship programme to an end and, sadly,
R100 was broken up and sold for scrap.

Of the two airships, although it had numerous fabric and gasbag
troubles, R100 was undoubtedly the more successful. It was
designed by a brilliant man who nevertheless stuck pretty closely to
established practice, and had the advantage of proven aircraft
engines. He made one quite serious error. With only 16 sides the
fabric panels formed by the longitudinal and transverse members
were shown by flight trials to be inadequately supported. To prevent
them flapping in flight a system of wiring attaching them more firmly
to the structure was introduced so that the basic panels of the envelope
became concave, giving the ship a rather unfortunate appearance and
undoubtedly increasing the aerodynamic drag.

Before the ship was finished Burney was disillusioned and Wallis
had decided the future was with aeroplanes. He had moved in the
Vickers organisation first to Supermarine and then to Vickers at
Weybridge, where he tound Rex Pierson an agreeable colleague and
settled down to design his Wellesley and Wellington aircraft with his
geodetic structural system. He never flew in R100.

R101 had the appalling handicap of the Beardmore engines. Theo-
retically, as they were diesel engines (whereas R100 had petrol
engines), it was the safer ship. But it was still not safe enough. The
Germans knew that the airship could only be truly safe with helium
and, because that was denied them, the Hindenburg caught fire and
the great rigid airship era came to an end.
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Appendix to Cardington Memoir

When work started on R100 and R101 in 1924, very much in the
minds of those concerned in their design was the appalling accident
to R38in 1921.

R38 at the time was the largest airship in the world. It had been
designed by naval architects and investigation after its failure indi-
cated that inadequate attention had been paid to the aerodynamic
loads in flight. In fact Professor Bairstow, who was at the time
undoubtedly one of the world’s leading aerodynamicists, calculated
that in the high-speed turn during which the structure failed the factor
of safety was unity. The ship broke in half and people were killed.
When I went to work at the National Physical Laboratory in the long
vacation of 1923 I met one of the survivors, Harry Bateman. When
the ship broke into two pieces he was in the rear part. He got into the
tail cockpit and jumped out with his parachute. Unfortunately, it
became hooked in the framework and he found himself suspended
below the falling wreck. He saw himself dropping into the Humber
and in fact he did, but only up to his waist. He had landed — if that
is the right word — on a sandbank!

Another airship accident, in which I was almost involved (and [
rather wish [ had been) was, I think, in 1926 in the middle of the full
scale aerodynamic experiments I referred to in the memoir to which
this is appended. The airship R33 was riding at the mooring mast at
Pulham in very windy weather. One morning [ was scheduled to
climb aboard at, I think, 0800 hours. The ship was in charge of a
night watch consisting of half the full crew and commanded by
Flight Lieutenant R.S. Booth. Unfortunately my car, outside my
lodging, failed to start and I took about a quarter of an hour to dis-
cover and correct the fault. So I was late in arriving at the foot of the
mast, but just in time to see the ship break away from its mooring.
The nose structure was damaged and, it transpired, the front gasbag
torn and deflated. Booth, who throughout showed admirable cool-
ness and resource, got the engines going and kept the ship under
control. To restrict the damage, and while the ship drifted eastward,
he used the torn fabric of the cover and the gasbag to make a great
mat covering the first transverse frame. In bad weather and this
damaged condition the ship flew over the sea and over Holland all
day and the following night but Booth got her back and landed her to
a ground crew at Cardington.
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The 568th Lecture read before the Royal Aeronautical Society since its
foundation January 12th, 1866.

PROCEEDINGS

THIRD MEETING, FIRST HALF, 69TH SESSION

The Third Meeting of the first half of the 6gth Session of the Royal Aero-
nautical Society was held in the lecture theatre of the Royal Society of Arts,
on Thursday, November 16th, 1933, when a paper on ‘‘ Problems Involving the
Stiffness of Aeroplane Wings ’’ was presented by Dr. H. Roxbee Cox. In the
chair, Major J. S. Buchanan, C.B.E., F.R.Ae.S. (Member of Council).

The CHalrMAN: As long as we in this country were content to build biplanes
of moderate speed, the problem of the stiffness of the wings was perhaps relatively
unimportant ; but having regard to the very greatly increased speeds demanded in
modern times, and the more general use of the monoplane, the question of the
stiffness of the structure had become one of the important problems which the
aeroplane designer had to deal with. Dr. Roxbee Cox was one of those who had
been concerned with the problem of the stiffness of wings for some time past.

Dr. Roxbee Cox then presented his paper.

PROBLEMS INVOLVING THE STIFFNESS OF AEROPLANE
WINGS

BY
H. ROXBEE COX, PH.D., D.LC., B.SC., A.F.R.AE.S.

§1. Introduction

An aircraft may reasonably be said to be structurally safe if it is known that
during the manceuvres which it is likely to perform

(i) The stress in no part of the essential structure approaches the failing
stress of the material,

(ii)) It does not become unstable or uncontrollable on account of struc-
tural distortion.

I intend to discuss in this context the wing structure of the aeroplane.

For many years it was felt both in the design and airworthiness approval
of the majority of aeroplane wing structures that the main responsibility for
attempting to secure the former desideratum could rest upon the determination
of the stresses induced in the wing structural material by load systems appro-
priate to a rigid aeroplane in certain conditions defined by specified combinations
of flight attitude, acceleration, and factor of safety. These combinations—
familiarly referred to as the C.P. forward, C.P. back, nose-diving and inverted
flight cases—are designed to produce for a particular aeroplane a range of steady
load systems which is more severe on the structure than the range of load systems
corresponding to the manceuvres contemplated for the aeroplane.

The success of any structure designed to carry varying loads depends upon
its qualities of strength and of stiffness. The standard loading cases just men-
tioned merely provide measures of strength under constant loads, and it has

The first feiv, pages of Problems involving the stiffness of aeroplane wings(10),
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Lord Kings Norton — his contribution
to the gas turbine aero engine

Mike Evans
Chairman, Rolls-Royce Heritage Trust

The twentieth century has seen man’s mastery of the air, and funda-
mental to that achievement has been the provision of power to sustain
the process of flight. For the first forty years the piston engine reigned
supreme, yet for even longer now the power to fly has been provided
by the gas turbine. In the conception and development of this prime
mover Britain can justly claim to have led the world.

Two servants of the Crown quite independently had the vision and
that amalgam of creative and analytical powers to see what might lic
beyond the piston engine — one a scientific civil servant working at
the Royal Aircraft Establishment (RAE) and the other, remarkably, a
young RAF officer already distinguishing himself as a pilot. But the
birth of the jet engine proved to be a painful process. While early
aircraft designers had embraced the piston engine, neither Govern-
ment nor the aircraft or aero engine industry showed interest initially
in the gas turbine. The change in attitude began when war
approached in 1939 and thereafter accelerated in the effort to move
from bench demonstrator status to a full-production engine capable
of contributing to the outcome of the war. It was in this difficult and
complex process of transition that Dr Harold Roxbee Cox — Lord
Kings Norton — was to play such a vital role. To appreciate his
achievements it is appropriate to remind ourselves of the progress —
or lack of it — on the gas turbine prior to his becoming involved.

The first thesis on the subject was published in 1926 by Dr A.A.
Griffith of the RAE engines experimental department. Entitled An
aerodynamic theory of turbine design. it proposed the use of a single-

shaft turbine engine with multi-stage axial compressor as a means of

driving a propeller through a reduction gear. The paper, and support-
ing test work, were reviewed by the engines sub-committee of the
Aeronautical Research Committee in April 1930. It concluded that:
“At the present state of knowledge the superiority of the gas turbine
over the reciprocating engine cannot be predicted.” Britain was in
the depths of depression, disarmament was still the political creed
and 1t is not difficult to realise why no more work was funded at
RAE unti]l 1936.

Some two years after Griffith wrote his paper, a young Cranwell
cadet, Frank Whittle, wrote a paper Future developments in aircraft
design. In it he envisaged that very high speeds in aircraft, combined
with long range. would demand flying high where the air was rare.
In an era when the RAF’'s fighters were incapable of flying at
200mph, Whittle had thoughts of 500mph in the stratosphere. He
was unclear on a means of propulsion, although he did consider
rockets and gas turbines driving propellers. It was not unti] October
1929, however, that it occurred to Whittle that a turbine could be
substituted for a piston engine and the jet used to propel the aircraft.
The 22-year old Whittle was taken to Griffith, whose work had
already been reported on unfavourably by then, and Griffith was not
encouraging. History has tended to damn the latter for his views but,
in fairness, one should recognise that Griffith was a scientist who
sought uncompromisingly scientific fact and optima. Whittle, in
comparison, beside his vision. possessed the pragmatism of a true
engineer. His proposal. which employed a single centrifugal

compressor of the type already well developed in piston aero engine
superchargers, lay within the realms of more immediate and less
costly possibility. Nevertheless, he could raise no real interest in the
aero engine industry and, as with Griffith, no practical work
towards building an engine was undertaken until 1936.

Whittle’s struggle and the problems in setting up Power Jets
Limited in 1936 need form no part of this narrative, but it is worth
noting that the spring of 1937 proved a turning point. In the March,
Griffith’s co-worker, Hayne Constant, made the case again for devel-
oping the gas turbine to the engines sub-committee of ARC. This
time, under the chairmanship of Siv Henry Tizard, the conumittec
declared itself in favour of a vigorous policy of gas turbine research,
recommending that the Air Ministry should take up the development
of the internal combustion turbine (as they were then known) as a
matter of urgency and make all possible arrangements for its produc-
tion at the ecarliest possible moment. A month later, on 12 April
1937, Frank Whittle made the first run of his jet engine in the BTH
factory in Rugby. There was an increasing threat of war. Re-arma-
ment was under way and the gas turbine engine was slowly coming to
be seen as a potential source of superiority in aerial warfare. The Air
Ministry’s director of scientific research, Dr Pye — for long a
doubter — became a complete convert after observing an engine run
at Power Jets, Lutterworth, on 30 June 1939. It was not then known
that Hitler’s Germany had similar thoughts and that greater priority
was being given to the work initiated by Franz von Ohain at Heinkel.

In May 1940, with Britain at war, Churchill appointed the press
magnate Lord Beaverbrook to run a newly-conceived Ministry of
Alircraft Production (MAP) and it was then that Roxbee Cox began
his close association with the gas turbine. His whole working life, of
course, had been in aviation, as other tributes in this journal reflect,
but 1940 marked his appointment as deputy director of scientific
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Three stills from the COI film The Wonder Jet. Left: Frank Whittle
(centre) and his associates at Lutterworth. Above: Frank Whittle (right)
and Patrick Johnson, md Power Jets (Research and Development)
re-enacting the Cranwell sequence. Boftom right: The Wonder Jet'.

research at MAP. In this role, which he held until 1943, and that of
director of special projects at MAP, which he held for a further year,
Roxbee Cox became more deeply involved with Whittle and the
whole range of ‘top secret” gas turbine developments, as well as with
many other ‘state-of-the-art’ technologies such as radar, new
armaments and aircraft, and even bouncing bombs. 1t was an associ-
ation with gas turbines which was to last until his retirement from
the civil service as chiet scientist of the Ministry of Fuel & Power in
1954. In that period he was to serve as the first chairman of the Gas
Turbine Collaboration Committee from 1941 to 1944 and to
return to that role from 1946 to 1948. Additionally, his period at
MAP came to an end in 1944 when he was appointed chairman and
managing director of Frank Whittle’s company when Stafford Cripps
nationalised it and restyled it Power Jets (Research and
Development) Limited. He then carried through a decision of gov-
ernment in January 1946, namely to create a National Gas Turbine
Establishment (NGTE). On 25 May, the Power Jets factory at Whet-
stone, the Bruntingthorpe airfield, and Pyestock, the jet engine
offshoot of RAE, Farnborough, which had been set up in 1941, were
combined as the NGTE, with Roxbee Cox as its director. Hayne
Constant became one of his deputy directors; Power Jets (R&D)
Limited was reduced to a holding company for patents under John-
son as its md. Roxbee Cox remained with NGTE until his move to
the Ministry of Fuel & Power in 1948. So these were the positions
he held and the dates of his tenure, but what of the nature of the chal-
lenges he faced and what made his contribution so unique?

Britain and her allies were at war and Roxbee Cox occupied posts
which, by their nature in that circumstance, dealt with conflicts of
priority and precedence among some very powerful personalities.
For a start, at MAP he served under Beaverbrook, a man of action
and singularity of purpose who lacked sensitivity or finesse. He
granted a licence, for instance, during the Battle of Britain to the US
government to build the Merlin engine. This he did in the name of
the British government without making any approach to Rolls-
Royce. On a daily basis, Roxbee Cox worked with successive ministers
at MAP and the Ministry of Supply, senior officials of the Air
Ministry, the Chiefs of Air Staff, a spectrum of government depart-
ments and, of course, the aviation industry — and the engine manu-
facturers in particular. He found himself ever nearer to the centre of
the war effort, daily in communication with individuals such as the
future Lord Portal, Lord Brabazon, Sir Henry Tizard, Sir William
Farren, Air Marshal Sir Francis Linnell and — of course — Flight
Lieutenant Frank Whittle. From industry, one has to add to this the
captains and engineers of Armstrong Siddeley, Bristol, British
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Thomson Houston, de Havilland, Joseph Lucas, Metropolitan Vickers,
Rolls-Royce and Rover among others. All were as one in being com-
mitted to winning the war, but there the similarities began to diverge.

To do justice to Roxbee Cox’s work would demand a complete
book, but some measure of the success of his [acilitation may be
cauged by comparing the situation on gas turbines following the out-
break of war with that when he left NGTE for the Ministry of Fuel &
Power in 1948.

Neither Griffith nor Whittle had any real manufacturing resource
at their disposal in the late 1930s and it was the pursuit of this which
began to complicate the situation. RAE turned to several firms,
including Armstrong Siddeley and Metropolitan Vickers, for help in
constructing their axial test units. Then, on 1 June 1939, Rolls-Royce
made its first move on gas turbine engines when it recruited Griffith.
Constant remained at RAE and sought help from Power Jets in
building its first axial turbojet, the F1. Work proceeded until the
pressures on Whittle’'s own W1 flight engine programme forced
Power Jets to abandon its part in the FI. Meanwhile Ermest Hives,
the general manager ol Rolls-Royce, had instructed Griffith to “go
on thinking” and Griffith proposed the most advanced of his con-
cepts from RAE — a contra-rotating engine, the CR1, with 14-stage
high-pressure system and 6-stage low-pressure ducted fans. He
remained negative about the Whittle concept. Constant, however,
began to believe it might work but his real commitment was to the
axial and he had taken the RAE design for the more advanced F2 to
Metropolitan Vickers, where the team under Dr D.M. Smith and K.
Baumann were to achieve progress which even now has not been fully
recognised. Their first F2 went to test in Manchester in December
1941. Before that had happened, Griffith had advised Rolls-Royce
that, in his view, the “orthodox scheme of ICT” namely the simple
axial, was not a “sufficiently promising avenue of research” and that
it would be wiser for Rolls-Royce to leave Metrovick to show what
could be done with it. Rolls-Royce built the high-pressure system of
Griffith’s CR1 and it went to test on 3 March 1942. However, it
would not even sustain itself on its original combustion system and
barely did so when Whittle-type combustors were fitted. It was to
cause Hives to write, somewhat tongue in cheek, at the end of 1942:
“We still think the Rolls-Royce contra-flow turbine is the best in
existence, except that we cannot get it to work!” Rolls-Royce
shelved the project in 1944, having committed itself to the Whittle
approach.

So much for the CR1: what of the F2? It progressed, becoming the
Beryl in its F2/4 form, by which time, in two years, Metrovick had
increased thrust by 90%. Post-war, in the hands of Armstrong Siddeley,
its linear descendant, the F9, became the Sapphire and was giving
some 7,000lb by 1948. By then Rolls-Royce had a similar engine
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which had been launched in 1945 by Griffith — on Hives’
instruction — as the AJ65. It becanie the Avon.

To write of axials before centrifugals is to jumnp the gun however.
For his WU engine in its various forms — the W1X and the W1
engine which flew in the Gloster E28/39 at RAF Cranwell on 15
May 1941 — Frank Whittle was continually short of money and,
therefore, inevitably, of hardware. Initially this had been sourced
from BTH, with specialist help on components like combustors {rom
Laidlaw Drew and Shell. To these sources in 1940 was added Rover
which, with support from Lucas, was to build complete engines for
Power Jets. Additionally, and informally, Rolls-Royce made parts to
help Whittle directly and to support Rover on the basis of a sub-
contractor. But it got more complicated than that. Whittle's W1 was
followed by the more powerful yet more compact W2. When testing
showed the need for improvements, Whittle designed the W2B and it
was this engine which Rover was given to build. Progress did not
stop at Lutterworth, however, the W2B being followed by the
W2/500 and ultimately the even more powerful W2/700.

de Havilland Vampire Mk1.

Meanwhile, Major Frank Halford had begun the design of the de
Havilland H1, the Goblin, which was to power the Vampire fighter.
Based on Whittle ideas, it had a single-sided compressor impeller
instead of Whittle’s double-sided unit and it had a straight through,
rather than reverse flow, combustion system. At Rolls-Royce, Hives
decided — with the support of MAP — to build a low-rated Whittle-
type engine capable of running for long periods such that something
could be learned from it. The WR1 was designed in Derby in collab-
oration with Power Jets Limited. Work began early in 1942 and the
engine was running before the end of the year. But what was hap-
pening at Rover? In short, they had begun to ‘do their own thing’ at
Clitheroe and Barnoldswick without consulting Whittle. Capt Spen
Wilks of Rover had already proposed a joining of forces with Hives
in February 1942, long before relationships with Whittle came to a
head. When Rover ‘straightened out’ the W2B/23 to create the B26
— forerunner of what was later to become the Rolls-Royce RB37
Derwent I — Whittle was furious. Understandably, he saw it as a
further diversion and, therefore, delay in getting the jet engine into
service against the enemy.

Such was the multiplicity of experimentation when Roxbee Cox
took office at MAP in 1940, and it continued to complicate itself in
1941. A first glimmer of a way forward rests in a letter from Roxbee
Cox to Hives dated 21 August 1941: “I do not expect that there will
be any obstacle to the constitution of a committee for pooling our
gas turbine facilities and experience but it will take me a few days to
make sure of everyone’s co-operation.” On 3 October 1941, a letter
went out over the signature of Air Marshal Linnell of MAP. It
began:

Dear Sirs

As you are aware gas turbine development is now going forward
in various organisations and along several different lines, and it is
clearly desirable, to ensure economy in our efforts to produce power
units of this new kind as quickly and efficiently as possible, that all
parties concerned should collaborate.

To encourage and guide collaboration, it has been decided to form
a committee under the chairmanship of Dr Roxbee Cox on which all
the firms engaged on gas turbine projects will be represented...
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Thus was born the Gas Turbine Collaboration Committee (GTCC)
and the beginnings of drawing all the efforts to a focus. It was not an
easy or a painless process and the losers were the creators of the gas
turbine themselves. In the case of RAE that was inevitable. Farnbor-
ough had ceased to be the Royal Aircraft Factory in 1918 and its role
was recognised as a research and test agency. In the case of Power
Jets Limited — and Frank Whittle in particular — the case was very
different.

Power Jets had a factory built for them at Whetstone, but the
Rover operation remained a significant part of its manufacturing
potential. As matters progressed, it became logical in the eyes of
MAP that Rolls-Royce should take over at Barnoldswick and
Clitheroe. The famous 5/- (25p) meal at the Swan & Royal did take
place late in 1942 as Stanley Hooker described, but that was the
handshake on what was, in reality, a MAP directive largely
inspired, one suspects, by Roxbee Cox. He, in fact, wrote to Hives
on 15 December 1942 following a meeting three days earlier at
which they, Wing Commander Whittle and A.G. Elliott, Rolls’ chief
engineer, had been present. Roxbee Cox had undertaken to lay a
series of points which had been agreed before his seniors. These
included:

(a) Production of the Power Jets W2/500 engine to be in the hands of
Rolls-Royce.

(b) The facilities to be used to be those existing at Barnoldswick.

(c) Research on, and development of, centrifugal type units to be in
the hands of Power Jets Limited at Whetstone and Lutterworth.

In the event it did not happen that way. Rolls-Royce did take over
from Rover. Hooker moved to Barnoldswick at the very beginning
of 1943 and the official handover day was 1 April. Rover, in
exchange, took on board the Meteor tank engine over an extended
time horizon. But the factory was not cleared of all Rover’s work to
make way for the W2/500. Rolls-Royce continued with the W2B/23,
launching it into service as the Welland in the Gloster Meteor fighter
with 616 Squadron in little more than a year. They followed with
quantity production of the straight through Derwent I, followed by
their own Nene and its scale-down, the Derwent V, which took the
world air speed record in 1945 and 1946.

When Hives surveyed the Rover situation at the very end of 1942 he
concluded: “We do not blame Rovers for lack of success on the turbine
project: we have every sympathy with their difficulties. Broadly speak-
ing, there has been too much slide rule and not enough hardware.”

Barnoldswick and Clitheroe, in consequence, became a develop-
ment centre and not a production unit. In so doing, technical control
of the work passed formally to Rolls-Royce and that left Power Jets
in a very difficult position. Some would suggest that this was an
opportunist move by Hives yet, in late November 1942, he had written,
“We are fortunate in as much as we work in the most friendly way
with Whittle. We have a great admiration for his ability.”

Whatever were the ‘ins and outs’ of the exceedingly complex situ-
ation of Power Jets — and Roxbee Cox had intended that they retain
technical control of the W2 — Whittle was understandably deeply
concerned. He wrote a letter to the government minister Sir Stafford
Cripps, on 29 April 1943, in which he argued that the whole gas
turbine aero engine industry should be nationalised including the
buying out of the shareholders in Power Jets Limited. It was a letter
he was to regret as Cripps turned the proposal round on Whittle.
Cripps’ initial response was a meeting with Whittle in May at which
he expressed a measure of agreement with the proposal but added
that he had no mandate to take over companies unless they were
operating inefficiently. Whittle was sent off for a three-month break
at staff college and saw Cripps again on 25 October 1943. At this
second meeting, he told Whittle that he had decided to nationalise
Power Jets. It was, he said, essential to have a state-owned gas
turbine establishment and it would be wasteful to build a fresh
organisation when Power Jets already existed. Whittle was then
forced to surrender his assets in Power Jets — valued on the books at
£47,000 — and, on 28 March 1944, he had to sign a document
confirming this surrender as a gift, although retaining his right to any
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ex gratia payment that might be made. A year later he received an
interim award of £10,000. In the meantime, Cripps told the other
directors of Power Jets that he needed a purchase price for the assets
or he would simply take the business over. In this heavy-handed
manner, the state acquired Power Jets for the very low figure of
£135,000. .

The new company, called Power Jets (Research & Development)
Limited, was chaired by Roxbee Cox, with Tinling and Williams on
the board and Whittle as its chief technical advisor initially; in January
1945 he joined the board. Whittle set out to strengthen the company’s
position, not just as a designer and developer of engines but in
manufacturing methodology too. Plans were tabled for a big increase
in manufacturing capacity and, by March 1945, these were on the
point of being agreed by MAP. A month later, the industrial
members of GTCC objected to Power Jets building even a prototype
engine. When it became clear that MAP was not going to authorise
the new facilities, Whittle resigned from the GTCC. Subsequently,
in a letter to Roxbee Cox dated 22 January 1946, he recounted the
whole sorry story and resigned from the board of Power Jets
(Research & Development) Limited. Whittle then made a brief
lecture tour, to be informed on his return that his post — and those
of Williams and Tinling — had been disestablished. After a final
attempt in which he proposed to retain his team — soon to name
themselves “The Reactionaries’ — by forming a new company had
failed, Whittle gave up in March 1946. Before the month was out,
sixteen key members of his team had resigned together. Power Jets
(R&D) Limited was merged in the following month with Pyestock to
form the NGTE, with Roxbee Cox as its director and Constant as
one of his deputies.

When the Royal Commission on Awards to Inventors began its
work, the Ministry of Supply formally asked the commission to
examine the case of Frank Whittle and make a recommendation.
Whittle himself had made no claim. The case was prepared by E.L.
Pickles and other officials of the Ministry but the most influential
contribution was that of Roxbee Cox. In May 1948, the commission
duly recommended to the Treasury that Frank Whittle be given an
award of £100,000 free of tax (£90,000 net in view of the interim
award). In the King's Birthday Honours List, Whittle received a
KBE; in the August, he was retired from the RAF on the grounds of
ill health with the rank of Air Commodore.

Throughout his period of involvement, Roxbee Cox did all he
could to steer the many players in the gas turbine arena towards
common goals and he did all that his various offices allowed to pro-
tect the interests of Frank Whittle. When he joined the MAP, many
of the senior officials did not believe the jet engine would ever work,
yet by steering, coordinating, cajoling, supporting and perhaps even
mediating, he helped create a very different situation by the time he
left NGTE in 1948. The jet engine had cntered RAF service in 1944.
The Gloster Meteor and de Havilland Vampire, powered by the
Rolls-Royce Derwent and de Havilland Goblin respectively, had
rendered piston-engined fighters obsolescent overnight and, apart
from equipping the RAF, both were exported widely in the post-war
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era. Manufacturing licences were granted — for Rolls-Royce
Derwent, Nene and Tay engines in particular to Australia, Belgium,
France and Pratt & Whitney in America. The Soviet Union also built
these engines, albeit without any authority. Then came the early
Farnborough air shows of 1948 and 1949 and Britain’s achievements
became clear to all — most participating aircraft were powered by
gas turbine engines and these included Meteors with reheat, the
naval Wyvern with Python power, the Avon Meteor flying test bed,
the Canberra bomber and the world-leading de Havilland Comet and
Vickers Viscount airliners. Just a year or two ahead lay the
V-bombers, VStol and supersonic flight. Roxbee Cox had helped
give all this a sense of direction.

One thing in all this had struck Roxbee Cox forcibly and this was
a comparison of British and American commitment. Here there had
been doubt and procrastination. When, in contrast, America entered
the war, advances with turbine engine technology in Britain and
Germany had caused concern, particularly to General ‘Hap’ Arnold.
In February 1941, Arnold asked that a special committee be appointed
to coordinate early US acquisition of jet engine capability. It was
formed within weeks, encompassing representatives from the Army
Air Forces, the National Bureau of Standards, Johns Hopking
University, MIT and three firms with experience of steam and gas
turbines — Allis Chalmers, GE and Westinghouse. Under wartime
technology interchange agreements, Whittle’s WIX engine and a
complete set of Power Jets engine drawings were given to the US
Government. These items, plus three Power Jets engineers, reached
the General Electric turbine plant at Lynn, Massachusetts, on 4
September 1941. Within six months, on 18 April 1942, GE had their
IA engine running and on 2 October of the same year the purpose-
designed Bell XP-59A Airacomet took to the air for the first time at
Muroc Dry Lake.

Roxbee saw this in his later years as a ‘betrayal’ of Whittle and of
Power Jets. In times of peace, it might have been. In times of war —
like the Merlin licence — the shared interests of nations took prece-
dence over commercial considerations. Had the interchange agree-
ment remained for military purposes only, as was the wartime intent,
then Roxbee’s view might have been a little harsh. Later, however,
the British government agreed to extend the use of this technology to
civil gas turbine engines. Not only has the British aero engine
industry had to meet or beat the challenge that has generated, but
‘betrayal” might be an appropriate term when the British government
received $4,000,000 for the rights on the one hand yet rewarded
Frank Whittle with only £100,000 on the other.

Even more of concern to Roxbee was his perception that British
governments were singularly ill-equipped to be able to understand
— yet alone foster — new technologies. He is on record as stating
that, apart from the scientific branch of the civil service, which was
“always on tap but never on top, there are very few scientists and no
engineers in government. Certainly, our governments never seem to
know how to handle new technology and nurture innovation in our
most important national industries.” Yet Roxbee knew that it was
Jjust these technologies — ‘and these industries — which were the
lifeblood of national economy. The perception remained with him
until the end of his life; he saw no reason to change it.

The foregoing was not the achievement of anyone less than a
remarkable man. He had an outstanding grasp of aviation in all its
technical aspects, matched by an equal enthusiasm which remained
with him to the end. But that would not have been enough. He had
warmth and a goodness of humour which touched all who knew him
and all he did, and his choice of words brilliantly matched the needs
of the circumstance. Asked late in life about the activities of which
he felt most proud he replied that he was a reasonably modest man
but that nonetheless he would name his work on the R101, despite its
failure, his contributions as chancellor of Cranfield and, above all,
his association with Sir Frank Whittle and his invention — the jet
engine. It was appropriate that, as Lord Kings Norton, he should
have paid his final tribute to Sir Frank in the memorial service at
Westminster Abbey on 15 November 1996 when he read one of the
lessons; its subject was wisdom.
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Lorp Kings NorTON

SEPTEMBER 1985

The other thing I would want to remind you of stems
also from Mr. Frost’s question. Frank Whittle ran into
problems with his turbines, He immediately went
back to fundamentals. He examined the steam turbine
textbooks and questioned the basis on which the
design was made. It was from the questions he asked
that the vortex theories for the design of turbines were
derived. These theories were then of course great
advances and gave greater efficiency. One must pay
tribute to the fact that he was a man of great courage
and foresight, with the great ability to go back to fun-
damentals.

THE LECTURER: That is a correct assessment.

THE CHAIRMAN: The sad thing is that Frank
Whittle was not a team man when immersed in a large
company, and so with all his great qualities he then
faded from the scene. He will be remembered primarily
for those first ten years.

THE LECTURER: He led his own team with great
skill. Everybody was delighted to follow him.

WING-COMMANDER R. W. QUARTERMAINE,
MSe, CEng, MRAeS, RAF: I think perhaps Lord Kings
Norton has answered my question, namely that Frank
Whittle was a genius, but he seemed to get these ideas
at a very young age. Is there any lesson we can learn
for the training of engineers these days?

THE LECTURER: I don’t know. When we think we
are spotting genius, we must always nurture it and
foster it. His genius was spotted. He was a man who
never asked for much for himself and he always felt
and still feels that all his achievement is really due to
the way he was brought up by the Royal Air Force. He
has always said this most clearly - that it was the
Royal Air Force spotting his ability when he was a
young man which got him into Cranwell and sent him
to Peterhouse. Through him, we see the Royal Air
Force as a perceptive organization nurturing genius. I
hope they are still doing it.

A MEMBER OF THE AUDIENCE: Our lecturer has
been unduly modest about the part he played in ensur-
ing that Whittle’s genius was brought to full effect. 1
had the privilege of working briefly for Roxbee, as he
then was, at the MAP. During the Rover to Rolls-Royce
changeover it was his guidance and his analysis of how
difficult it was to rationalize all the people involved
which enabled the genius of Frank Whittle to bear fruit,
and for Rolls-Royce to come in on the act and carry the
flag.

THE CHAIRMAN: That is a good note on which to
end this most interesting discussion. I remember that

THE‘ BEGINNINGS O‘FJET PROPULSION

THE BEGINNINGS OF JET PROPULSION

when I was at Cambridge I had a drawing-board along-
side Frank Whittle’s in the old Scroop House area in
the Cambridge Engineering Laboratories. What an
enthusiast he was all the way through, and, inciden-
tally, a very good pilot. He performed at the Hendon
Air Display in 1929 or 1930 in crazy flying in an Avro
504; which was about as far away as you could get
from a jet aeroplane. .

1 looked up my old records the other day and found
that almost exactly forty years ago Roxbee and I went
up to Lutterworth to Power Jets (at the time I was Sec-
retary of the War Cabinet Committee on Future Air
Transport) and spent the day discussing how this
curious device could be applied to the work of the
Brabazon Committee, with which I was also involved.
We discussed whether three of the Whittle engines
could be put on a tailless De Havilland aeroplane for
mail flying across the Atlantic. It was thought too
dangerous to carry passengers at that time. From that
came the D.H. 106, the Comet, with Frank Halford’s
engines in it.

Five years later, in July 1950, when I was Chief
Executive of BEA [ had the privilege of inviting Frank
Whittle and George Edwards (Roxbee was in America
at that time so I could not get hold of him) to come
with us on the world’s first commercial turbine-
powered air service from Northolt to Le Bourget in
that original little Viscount prototype twenty-three
seater, with four of the very small early Dart engines.
Of them, Lord Hives of Rolls-Royce, said, ‘Don’t you
ask us for any more power. They are giving 900 pro-
peller shaft horse power and they will not give one
horse power more.” To-day the Dart s still in produc-
tion, giving about 3,500 horse power. That was the
Rolls-Royce conservatism of those days.

At the end of his lecture Lord Kings Norton touched
on one of the great other by-products of the jet engine:
not only the vast increase in power but also the enor-
mous advance in realiability. We now have jet engines
giving more than 50,000 Ib thrust as against the 850 1b
of the original engines, and they have been on the
wing continuously, in service every day, for more than
10,000 flying hours (5 million flying miles) that is two
years of flying, without having to be removed for over-
haul or maintenance. This would never have happened
with piston engines.

I am so glad that the part of Lord Kings Norton has
been brought out so well in the discussion, because he
was ‘conducting the orchestra’. The orchestra may
have been playing all sorts of different instruments
but he made a good tune out of the whole thing. So,
Roxbee, we are grateful to you not only for reminding
us of so much that has been achieved in this historic
development, but also for evoking many nostalgic
memories which we have much enjoyed hearing again.
A splendid first-hand account of one of the great
pioneering achievemnents of modern times.
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Extract from A Wrack Behind

Frank Whittle

Lord Kings Norton

Whittle is one of the great engineers of the century, perhaps the
greatest if judged by the scale of the consequences of his invention.
Only the discoverer of the properties of the silicon chip could claim
comparable importance.

Jet propulsion was first demonstrated by Hero of Alexandria in
AD60. The gas turbine was patented by Barber of Nuneaton in 1791.
Whittle patented a design for an aircraft engine in 1930 in which
propulsion was to be achieved by a jet produced by a gas
turbine. By combining the thoughts of two men separated in time by
over 1,700 years he made an engine which revolutionised world air
transport.

T do not intend to go through the trials, tribulations and opposition
which Whittle suffered in the development of his ideas. They have
been described by a number of writers, including himself. He had a
small and devoted team and I did all I could to help him, first as the
director of special projects in the Ministry of Aircraft Production and
later as the chairman of Power Jets Research and Development
Limited, the company which the MAP under Sir Stafford Cripps
formed when it bought Power Jets, the company which Whittle had
formed with the help of J.C.B. Tinling, Rolf Williams and Lance
White in 1935.

In September 1947 1 received a letter from Mr P.H. Goffey, the
Patents Branch civil servant working for the Royal Commission on
Awards to Inventors, asking me to make an appraisal of Whittle’s
work for the information of the commission. I regard the letter which
I wrote in reply as the most important letter I have ever written and
although it has been quoted by Whittle and his biographers, I want to
include it here because I am proud of it. I would not wish to alter a
word. I knew I was writing about a great inventor, a great
innovator, a visionary whose visions I was sure would be realised -—
a great man. It is a privilege to add — a friend of mine. Here it is:

“You have asked me for an appraisal of the work of Frank Whittle.
It seems to me a little strange that in this year of Grace after so many
people, including myself, have defined the major contribution to
progress which Whittle has made, and after so many learned and
professional bodies have given him their major awards, any appraisal
is necessary. However, I will do my best to sum up the Whittle
achievement once again.

“I think you are aware that jet propulsion is one of the most direct
illustrations of a fundamental law of nature — Newton’s Third Law
— and has been recognised by man since at least 150 BC (I now be-
lieve this should be AD 60), when an engineer with the somewhat
flamboyant name of Hero made proposals for its employment in an
engine.

The gas turbine also is not new. The first design recognisable as a
gas turbine was patented by John Barber in 1791. Thereafter there
was only very slow progress in gas turbine technology until the
present century. It is generally accepted that progress was delayed by
the lack of material suitable for continuous operation at high temper-
atures with appreciable stress.

“Whittle's contribution was the association of jet propulsion and
the gas turbine. Before him the gas turbine had been regarded, like
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Gloster Meteor.

other turbines, as a machine for supplying shaft power. Whittle
recognised it as the ideal means of providing jet propulsion for aircraft.

His patent embodying this idea is dated January 1930. His subse-
quent difficulties in getting his idea taken up and exploited are too
well known for recapitulation here. Finally, with the aid of two men
whose contribution has been too often overlooked, J.C.B. Tinling
and R.D. Williams, a jet propulsion gas turbine engine to Whittle's
ideas was designed, constructed and, in 1937, tested.

It is one thing to have an idea. It is another to have the technical
and executive ability to give it flesh. It is still another to have the
tenacity of purpose to drive through to success unshaken in confi-
dence, in the face of discouraging opposition. Whittle, whose name
in the annals of engineering comes after those of Watt, Stephenson
and Parsons only for reason of chronology or alphabetical order, had
these things.

It is, I think, generally admitted that without Whittle’s determina-
tion to turn his idea into reality we should not have begun to think
about the jet-propelled aeroplane (whatever thoughts we might have
slowly developed about the propeller gas turbine aeroplane) until the
idea had been forced upon us by the exploits of the enemy with their
jet propelled machines. In the closing stages of the war, however, we
had in fact developed, on the basis of Whittle’s efforts, a new fighting
weapon in the form of the Meteor aircraft; now we are well on the
way towards a jet-propelled air force, and the gas turbine engined
civil air fleet is being developed.

It may be said that without Whittle the jet propulsion engine and
the other applications of the gas turbine would have come just the
same. They would. But they would have come much later. Whittle’s
work gave this country a technical lead in aircraft gas turbines of at
least two years. Properly exploited and maintained, this lead should
mean that this country can sell its aircraft gas turbines abroad for
years to come. You know better than I do the extent to which Rolls-
Royce and de Havilland’s are producing income for the country. The
first of these firms is achieving this with engines which are the direct
descendants of the Whittle engine. The second is achieving its con-
tribution with an engine which would not have been designed but for



the stimulus and information provided by the early Whittle successes.

The success which Whittle achieved reacted rapidly upon the
work of others in the gas turbine field, notably the RAE team work-
ing in association with Metropolitan Vickers. They have been con-
centrating on a propeller engine with an axial compressor, in contrast
to Whittle’s jet propulsion engine with a centrifugal compressor.
Whittle’s work inspired them to swing over to axial compressor jet
propulsion, and to that extent he is the stepfather, so to speak, of that
class of engine, the first example of which in this country was the
Metropolitan Vickers F2.

The notable success scored by the British aircraft engine industry
in the aircraft gas turbine field, a success due in part directly to Whittle,
and as for the rest, directly stimulated by him, naturally attracted
attention in other fields. The successful application of the gas turbine
in the difficult aeronautical field begat endeavour in the land and sea

applications of the gas turbine. The knowledge gained through
research and development for the aircraft application was largely
applicable in these other directions. Here again, if the chance is
grasped, there is a wonderful opportunity to build a great industry
and, if our technical lead is properly exploited, one which will
provide us with considerable national income. If and when this
comes to pass, some of the credit will be Whittle's.

“So far the gas turbine in Great Britain has been generally regard-
ed as a means of propulsion of fighting aircraft. I think posterity,
looking at its achievements on land and sea as well as in the air, will
see it rather as a great commercial asset — presuming that we today
do our duty in exploiting it. They will see too that the initiative in its
development came from aeronautical technologists, and at the head
of these they will see Whittle.”

Lord Kings Norton and the
Air Registration Board, Part 1

Graham Cropper, CEng, FRAeS
Formerly head of aircraft projects, CAA

The association of Harold Roxbee Cox with the Air Registration
Board began in 1938 (the year following its formation) with his
appointment as its first chief technical officer — a post to which he
was eminently suited by virtue of his experience and already formi-
dable reputation in a wide range of technical aspects of aviation.
Interrupted by the war, his service to the ARB was renewed first as
consultant and member of the board, later (as Sir Harold Roxbee
Cox) as its vice chairman and finally (as Lord Kings Norton) as its
chairman.

In many ways, his special qualities were reflected in those of the
organisation. His technical authority, based on an unparalleled range
of experience, was respected at the highest levels in industry. This
enabled him to lead the council through some of the most profound
technical debates, through years of great innovation in civil aviation
technology. The consequences of these debates and their conclusions
were far-reaching, as the time of independent national safety policies
was passing quickly. The principles established in this period had to
stand the tests of time and of international scrutiny.

However, technical excellence was only one dimension of the
contribution that Lord Kings Norton made in the history of the ARB.
His unerring judgement and his persuasive (but always genial) skill
in debate enabled him to steer the ARB through its transition from
independent body to part of the much greater Civil Aviation Authority.
In this process it retained, so far as was possible, the best features of
the old organisation. In particular, the role of the old council in
providing an effective instrument of self-regulation for the industry
was continued in the ‘new ARB’ (the Airworthiness Requirements
Board) which was given an influential role advisory to the CAA.

To those in the ARB who enjoyed the privilege of working with
Lord Kings Norton he will be remembered as a colleague who, in
spite of his awesome stature, would always receive with respect any
genuine contribution to the problem in hand and would respond with
kindly and constructive guidance. Such a combination of technical
rigour and humanity epitomised the style — ‘ethos” was the term he
used — to which the ARB aspired and which, under the leadership
of Lord Kings Norton and others of like mind, it admirably achieved.

Lord Kings Norton and the
Air Registration Board, Part 2

John Chaplin, CBE, FEng, FRAeS

Formerly group director, safety services and board member, CAA

The Air Registration Board came into being as a result of the work
of the Gorell Commiittee. It was incorporated in February 1937 and
started work on April 1 of that year. The chairman of the board was
Sir Maurice Denny, and there was a very small staff — reflecting the
limited duties given to it initially. By early 1938 these had grown

somewhat — so, for example, the board was authorised to recom-
mend changes to regulations and requirements and it also started to
investigate the design of prototype aircraft (cautiously, the Air Min-
istry limited it to investigations of aircraft weighing less than
10,0001b.).
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In March 1938 Dr Harold Roxbee Cox was appointed to the post
of chief technical officer and set about recruiting a team of technical
assistants whose tasks included reporting to him on the airworthiness
of the aircraft they were investigating so that he could make a rec-
ommendation to the Air Ministry that a Certificate of Airworthiness
could be issued.

During the ensuing months the relationship between the ARB staff
and the aircraft industry was developed, and staff were urged not to
consider themselves as policemen. Rather they were there to help in-
dustry meet the necessary safety standard. Much of this attitude has
persisted over the years, and carried over to the CAA.

War in September 1939 meant a cessation of many activities, and
Dr Roxbee Cox went to Farnborough. He managed to find time to
deliver a lecture to the Royal Aeronautical Society in 1940 on the
future of civil aviation — a remarkable act of confidence at that time.

The ARB staff started to reassemble in 1943 but Dr Roxbee Cox
was still engaged on work for the Government and relinquished his
post as chief technical officer when peace returned. However, he did
not sever his connections with the ARB. Instead, he became chair-
man of the engine requirements coordinating committee, which
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prepared the first ever turbine engine requirements which have had a
great influence on the world standards for such engines. He was also
a member of the Council’s design and construction committee,
acting as chairman from 1961 to 1965.

In 1955 he was appointed a member of the ARB council and
became its chairman in 1966, an appointment which he held until
1972, when the duties of ARB were passed to CAA. On matters
relating to airworthiness, however, the new body was charged with
seeking the advice of another new body, the ARB! But now it was
the Airworthiness Requirements Board, similarly structured to the
old council, but with changed responsibilities. The similarity of ini-
tials was no coincidence, intended to reflect a continuity of purpose,
and owed much to Lord Kings Norton, as he by then was.

During his membership as a board member and later chairman the
foundations of modern airworthiness were well and truly laid. The
issues of structural fatigue were addressed on the one hand and
flying qualities and aircraft performance requirements were further
developed. Lord Kings Norton was widely regarded as a brilliant
chairman of the board with a decisive approach and positive at
coming to a decision,

The Air Registration Board

Lord Kings Norton

In 1936 the Air Registration Board was created by the government
and given the task of recommending to the secretary of state for air
the granting and renewal of certificates of airworthiness for certain
classes of civil aircraft, a duty previously performed by the Air
Ministry. It was understood that as time went on and the board
gained experience certifying the airworthiness of more and more
classes of civil aircraft would become the responsibility of the
board.

The composition of the board was very interesting. There were
four members representing the constructors of aircraft, four repre-
senting the operators of aircraft, four representing the insurers® of
aircraft, four independent members representing the general public
with another independent as chairman — seventeen in all.

The board began its work with a small staff dealing only with
inspection of aireraft for renewal of certificates of airworthiness. In
1937, however, with the idea of qualifying for recommending the
granting of certificates, it advertised for a chief technical officer. I
applied for this post and, after being interviewed by the chairman
and other members of the Board, I got it, and started working for the
board in January 1938.

The chairman of the board was Maurice Denny (later Sir Maurice)
and the secretary was T.R. Thomas. Both had experience of certifying
seaworthiness, and the board had a number of distinguished members.
From the constructors was Handley Page (later Sir Frederick); from
the operators Nigel Norman (later Sir Nigel); from the insurers A.G.
Lamplugh and from the independents J.T.C. Moore-Brabazon (later
Lord Brabazon).

Greatly helped by Thomas, I quickly felt at home. At the head of
the inspectors who, following marine practice were called surveyors,
was Robert Hardingham, a friendly and experienced engineer who
was destined, years later, to become a knight and chief officer of the
board. I was the head of the technical side and started to recruit staff.
The first [ selected was a young man I had known at Farnborough,
Walter Tye, and I could not have chosen better. He proved to be
absolutely first class and ultimately became chief technical officer.

In 1938, with the object of getting to know the airworthiness peo-
ple and structures experts in the United States, C.J. Stewart, who was
superintendent of technical development at Farnborough, Pugsley
and [ went to America. These were critical days in Europe and my
wife and Thomas telephoned me when I was but half way through
my programme urging me to cancel the rest of it and come home. I
refused, believing that there would be no war immediately — and I
was right. While I was still in America, Neville Chamberlain went to
Munich and returned believing there would be “peace in our time.”

I was less than two years at the ARB. It seems that when [ left the
civil service to join the board, the Air Ministry and the board agreed
that in the event of war I should immediately abandon the board and
join the Air Ministry. So, at the beginning of September 1939, I
found myself once again at Farnborough, this time as superintendent
of scientific research.

Two from the Tariff companies and two from Lloyds.
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Lord Kings Norton, the creator and father of

Cranfield University

Frank Hartley, FRAeS
Vice-Chancellor
Cranfield University

Lord Kings Norton’s contribution to Cranfield University was
immense. He was quite literally the father of the university, having
personally conceived the idea of creating what became the university.
His involvement began in early 1943 when, as vice president of the
Royal Aeronautical Society, he began to consider how best to create
an environment in which to educate the practical young men and
women who would be needed to take the aeronautical industry for-
ward in the post-war years. Being barely a year old at this time, I
personally find it hard to comprehend the degree of optimism reflect-
ed in even considering such issues, for although the Battle of Britain
had been won, the Battle of the Atlantic was far from won and
D-Day was still a year and a half away. But optimism, realistic
achievable optimism, was a hallmark of Lord Kings Norton.

Dr Harold Roxbee Cox chaired two one-day meetings on 25 June
and 23 July 1943. Within a month the Aeronautical Research Council
chaired by Professor Sir Melville Jones produced a report proposing
the setting up of a post-graduate aeronautical school, the College of
Aeronautics. Roxbee Cox’s influence on that report shines through.
It had vision. It was radical, not more of the same but radically dif-
ferent to fit a new set of circumstances: post-graduate and practical.
It was produced with a sense of urgency in under a month: no one
could ever criticise Roxbee Cox for making haste slowly.

The original report and the succeeding Fedden Report were much
criticised by the existing universities and by the aeronautical industry,
neither of which saw the need for a college devoted to aeronautical
engineering. Nevertheless, Roxbee Cox and his colleagues battled on
to bring their vision to fruition, achieving success by getting the
determined support of Sir Stafford Cripps, whose portrait appropri-
ately looks benignly down upon me, even as [ write.

On Wednesday 28 June 1945, Roxbee and his fellow governors of
the College of Aeronautics had their first meeting under the chair-
manship of Air Chief Marshal Sir Edgar Ludlow-Hewitt, appointing
Professor Ernest Relf, a distinguished aerodynamicist, as the first
principal.

The College of Aecronautics grew steadily until 1957 when the
most infamous defence white paper was published. It foresaw the air
defence of the United Kingdom requiring only unmanned missiles
and hence the support defence technology had given to civil aviation
in all the leading aerospace countries of the world would cease.
Students evaporated as employment prospects plummeted. While the
full implications of this disaster were still being digested Sir Frederick
Handley Page, then chairman of the Governors, died. In August
1962, Sir Harold Roxbee Cox took over. In 1963 he persuaded Lord
Robbins to recommend a degree-granting charter, which was
vigorously opposed by the other universities and rejected by the
government.

But saying no to what Roxbee passionately believed in has not
always proved to be a final decision, and so it proved. In December
1969, under the name Cranfield Institute of Technology, the College
finally achieved its Royal degree-granting charter. Roxbee, now
Lord Kings Norton, became the university’s first chancellor, bring-

sy

To mark his retirement as chancellor, Cranfield University
commissioned a portrait by Michael Noakes (left), a replica of which
was presented to Lord Kings Norton.

ing in Dr Henry Chilver as its second vice-chancellor in January
1970. So commenced a major period of steady expansion, culminat-
ing in today’s modern university, the present title being graciously
bestowed by Her Majesty The Queen on | September 1993.

Throughout its development Roxbee Cox’s hand was always close
to the tiller. He initiated the concept, was a governor for the first 17
years, chairman of the governors for the next seven and chancellor
for a further 28 years. In all those years he missed only one court
meeting and presented the degrees at every single graduation cere-
mony. He chaired his last court meeting on 12 March 1997 and
formally said goodbye on 15 October 1997 when he told us he was
“planning to keep an eye on us and shortly to look down on us.” I
am sure he is. I hope he is still as proud of us, as we are of him.

How should the university recall its first chancellor?

I suggest:
“He was a complete gentleman, a noble Lord, a mathematician, an
engineer, a man of vision, a clear thinker, a brilliant communicator,
a leader. Our privilege was to have known him. My privilege was to
have worked with him.”
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Cranfield

Lord Kings Norton

In 1943, with the world still at war, a great discussion on the future
of aeronautical education was held by the Royal Aeronautical Society.
Not only would the war years, however many were still to come,
demand more well-qualified aeronautical engineers, but the longed
for peace years, with engineers turning swords into ploughshares,
would want more. The discussion was in two parts. One took place
on 25 June and the other on 23 July. Many of the leading figures in
British aeronautics took part and in the chair on both occasions was
Dr Roxbee Cox, a vice-president of the society. The discussion cul-
minated in a resolution based on a proposal by Marcus Langley.
That resolution and the discussion which led to it resulted in the
recommendation by the Aeronautical Research Committee that a
post-graduate college of aeronautical science should be established.
This was followed by governmental action. Sir Stafford Cripps, then
the minister responsible for aircraft production, set up a committee
presided over by Sir Roy Fedden to make specific proposals, and the
committee recommended in its 1944 report that such a college
should be a new and independent establishment. In 1945 the govern-
ment created the College of Aeronautics board of governors under
the chairmanship of Air Chief Marshal Sir Edgar Ludlow-Hewitt to
bring the college into existence and govern it. The first meeting of
this board took place on 28 June 1945 and there were present:

Sir Edgar Ludlow Hewitt, Dr W. Abbot, Mr Hugh Burroughs, Sir
Roy Fedden, Mr J. Ferguson, Sir Harold Hartley, Sir William Hil-
dred, Sir Melvill Jones, Dr-E.B. Moullin, Mr J.D. North, Sir Freder-
ick Handley Page, Mr E.F. Relf, Dr H. Roxbee Cox, Air Marshal Sir
Ralph Sovley, Rear Admiral S.H. Troubridge and Mr W.E.P. Ward.
Sir William' Stanier, who had been appointed, was not present.

The major tasks of the beard were, of course, to find a site for the
college and to secure the staff and first students. These tasks they
achieved in a remarkably short time. They found Cranfield, an RAF
station with its splendid buildings, first on loan and later as the
college’s permanent home. They collected a splendid staff and the
college opened at the beginning of October 1946. The board had
chosen one of its own members, Ernest Relf, as principal. He was
the senior member of the aerodynamic staff at the National Physical
Laboratory and as well as being a distinguished academic was a first
class pianist and organist. He retired in August 1951 and was suc-
ceeded by Air Marshal Sir Victor Goddard in the following month.
At that time Sir Frederick Handley Page was chairman of the
governing body, having taken over from Sir Edgar in June 1953. He
died in 1962 and I became chairman.

Although the college continued to grow Sir Victor’s style of lead-
ership was not appreciated by some members of staff and, unfortu-
nately, he did not enjoy the confidence of the chairman. I found
myself more in sympathy with Sir Frederick than with Sir Victor. In
the end, Sir Victor retired in July 1954 and in his place we selected,
from an excellent short list of candidates, Alfred Murphy, professor
of metallurgy at the University of Birmingham. He proved to be a
first rate principal, with a gift for gentle leadership.

1957 was a very important year for the College of Aeronautics.
The Air Minister, Duncan Sandys, issued a white paper which fore-
saw a dismal future for British aviation. The role of the RAF was to
be seriously diminished with air defence dependent on missiles. This
was the signal for diversification of which the college had a little

experience with a work study department. The result was adventure
into new areas — mechanical engineering, structures, automobile
engineering, administration, information technology, biology — and
expansion on a very satisfying scale. It rapidly became apparent that
the college, initially devoted solely to aeronautics, was assuming the
character of a post-graduate university with a standard consistent
with the power to award higher degrees. The college appealed to the
Queen to make Cranfield a university of this kind and to this she
agreed, making the Royal award at the end of 1969. I became the
first chancellor and Murphy the first vice chancellor.

Murphy, who had ruled since October 1955, was unhappily due
for retirement. Consequently he held the post for only a few weeks.
Early in 1970, Henry Chilver assumed the vice-chancellorship and,
on the firm basis Murphy had constructed, began a brilliant vice-
chancellorship which in a few years gave Cranfield a world reputa-
tion with a spectrum of activities ranging from the practical realities
of commercial administration at one end to academic technological
researches at the other.

Among Henry Chilver’s achievements, two stand out. One was
the merger with what had begun life as the National College of Agri-
cultural Engineering and is now the large and important Silsoe col-
lege of the university, dealing with agricultural and soil survey work
here and abroad, and the other was the bringing of the academic side
of the Royal Military College of Science at Shrivenham into Cran-
field University in August 1984. This was the joint achievement of
Chilver (now Lord Chilver) and Major General Sir Richard Vincent
(now Field Marshal Lord Vincent). Both these great establishments
have flourished as parts of the Cranfield administration and continue
to do so under the direction of Professor Frank Hartley, who was
chosen to lead Cranfield from a brilliant short list of candidates for
the vice chancellorship when Henry Chilver retired in 1989.

There have always been stars in the Cranfield staff firmament. I
must be careful about mentioning names in such a distinguished
company but I feel I must recall as outstanding in the initial staff of
1945, W.J. Duncan and Robert Lickley (became Sir Robert Lickley).
The former I worked with on the wing flutter problem, and the latter,
once a student of mine at Imperial College, became one of the coun-
try’s leading aircraft designers. In the middle period, so to speak, I
always think of David Keith-Lucas and John Stollery, both profes-
sors in the College of Aeronautics, and today Frank Hartley and his
notable colleagues Leo Murray, Ron Fletcher and Peter Hancock.

With all the amazing story of Cranfield with which I have been
associated, from the pre-natal discussions of 1943, over which I
presided, to the court meeting of 1997, at the end of which I retired
from the chancellorship, I have never had any executive responsibility.
However, 1 have presumably have had some relatively benign influ-
ence. I say this because there is in Mitchell Hall a room called the
Lord Kings Norton room. In the room is a bust of Lord Kings Norton.
And as I write these words the great portrait painter Michael Noakes
is finishing a portrait of me, in my chancellor’s robes, destined for
display in the university. There is also a Kings Norton Lecture in the
College of Aeronautics and the great new building by Sir Norman
Foster is to be called the Kings Norton Library. By these marks of
appreciation I feel very very honoured. Cranfield has been a part of
my life for over half a century and I shall, I hope and expect, continue -
to be in touch with it still until I shuffle off this mortal coil.
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HAROLD ROXBEE COX, LORD KINGS NORTON, FRAeS

It is, and always will be, an honour to give the Handley
Page Memorial Lecture, but for me the occasion has a
special pietas because Sir Frederick Handley Page was a
friend of mine for many years and I admired his extra-
ordinary intelligence, pertinacity and independence of
character. I had the honour to immediately follow him
in two offices of high importance—as President of the
RAeS and as Chairman of the Governors of this College,
and as this is the last major lecture I intend to give, I am
particularly happy that it is in his memory, just as the first
major lecture I ever gave was in memory of that other
great pioneer, Wilbur Wright.

In October of last year I was asked, almost simul-
taneously, to provide a final and summary paper for the
Second Century papers in the Aeronautical Journal and
to give the 1969 Handley Page Memorial Lecture. I did
not feel equal to the two tasks, but after it had been
suggested that they should be rolled into one—that the
Memorial Lecture should be the last Second Century paper
—1 finally agreed, on this basis, to write a paper.

In 1940 I had the honour of giving the 28th Wilbur
Wright Memorial Lecture®™, It was called “Looking
Forward”, and it was about the future of British civil
aviation. In his paper introducing the Royal Aero-
nautical Society’s Second Century Papers, Mr. Allen® was
kind enough to include it among the prophetic writings he
examined.

“Looking Forward” was produced under difficult con-
ditions. Had I not been afflicted in the spring of 1940
with German measles, I do not think it could possibly
have been written. I could not, moreover, consider in my
predictions the influence of the gas turbine, with the
development of which I was already closely associated,
because the work of Whittle and his friends was neces-
sarily shrouded in secrecy.

I do not mention these facts to excuse the paper, but
to explain first how time could be found to create such a
mass of verbiage in the midst of war, and second, to
explain what might at first seem a curious omission.

I delivered the paper almost exactly 29 years ago, but
the occasion is clear in my mind. The Society’s President,
Mr. Griffith Brewer, was in the United States with his old
friend Orville Wright, and in the chair was that wonderful
character, Brab, at that time still Lt. Col. J. T. C. Moore-
Brabazon. London was under attack, but the lecture was
held in the great hall of the Institution of Electrical Engin-
eers. The possibility of a less attractive venue was, how-
ever, in the Chairman’s mind, for he announced the
determination of the Society to continue the Wilbur
Wright lectures in the war “even if it became necessary to
hold them, like the early Christians, underground in
catacombs”.®

Lecture given at the College of Aeronautics, Cranfield, on 6th
June 1969.
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But it is not only the abnormal conditions surrounding
the composition and delivery of that paper which impel me
to refer to it this evening. In addition, it is remarkable
for its implied underestimate of subsequent progress and
for its wholly misplaced dependence on logical argument.

I was, of course, too cunning to attach a time-scale to
my predictions of developments to come. But the projec-
tions of aircraft speed and size and the ideas of frequency
of transatlantic flight now look extraordinarily jejune.
Development has taken place far more rapidly than I, in
that paper, appeared to think possible, and I cannot recall
that any of the friends who read the paper in draft or
those who spoke about it immediately after it was pub-
lished had any criticism to offer on my ideas for the future.

Indeed, I think one would have had to be clairvoyant
to have foreseen the rate at which not only aeronautics,
but space travel, nuclear energy and electronics, have been
developed since the war. And one matter I want to ex-
amine in this paper is the feasibility of the rate of progress
we have witnessed continuing.

I have already indicated that my old paper depended
too much on logic. The prophet who deduces the future
by logical extrapolation from the past and his knowledge
of the present is doomed to failure. It is difficult to suggest
what other process except clairvoyance is available to him,
but he would do better to consult the entrails of the appro-
priate fowl. I, quite logically, I think, saw a future for
the flying-boat. But the rapid development of the large
military aircraft, essentially a land-based vehicle, effectively
stifled the development of the civil flying-boat: civil air
transport was destined to be run by landplanes.

Aeronautical progress since the end of the war has
certainly been extraordinarily rapid and we are apt to
assume that this extraordinary rate of progress will con-
tinue. But we are already conscious of a change in the
character of the progress and this change, in fact, may
change the rate. If progress is thought to consist of steps
upward, then the steps are getting higher and the pause
before each is longer. Putting it differently, the quanta
are becoming bigger and fewer and the gaps between them
greater.

Size is today best measured in prototype capital cost.
Quite apart from bigger jobs taking longer, decisions to
commission them are taking longer to reach. This is not
unreasonable. When a budget can be spread over a
variety of projects, successes may cancel out the failures.
But when a great proportion of the whole budget is con-
centrated in one project, it is reasonable to expect a long
period of enquiry, planning, design of alternatives, costing
and the multitudinous other considerations on which
success depends, before deciding to proceed. Twenty
years ago it would have seemed incredible that the USA
should consider their supersonic transport project for six
years and still not reach a decision, but this indeed has
happened. And when these great and lonely projects are
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organised internationally, when even only two nations
collaborate in one of them, delays are naturally longer still.

There is, too, another reason why decision is difficult
and often delayed. There was a time when the future
could be considered in compartments. There was indeed
in the 1920’s an admirable series of works among which
I recall the titles of two—Daedalus, or the Future of
Flying and Lars Porsena, or the Future of Swearing. Each
area of activity—not, of course, only these two—could be
considered in reasonable isolation. But now aeronautics
is so intimate a part of the pattern of life, changes in it
affect the pattern, and changes elsewhere in the pattern,
affect it. The decisive improvements in UK railway com-
munications following the electrification developments
Iave reacted on our internal air services. Developments
in, and foreseen in, overhead railway systems will influence
airport siting®’. We must indeed think not of air transport
but aof the whole field of communications, and our aim,
sometimes conscious but generally subconscious, must be
to make the overall system the best for the majority of
people, insofar as politics, international jealousies, wars
and rumours of wars will allow.

It is shocking to think how great is the influence on
civil aeronautical progress, and indeed all civil progress, of
what is euphemistically called “defence”. 1 have already
given an example of this influence from the last great war,
and it would be childish to believe such influence was at
an end. Indeed, governmental financial support today for
technological progress in the name of defence is greater
than gavernmental financial support for civil technological
development.

Paradoxically, war, despite the appalling waste it
means, is the great technological accelerator. Without the
great wars of this century, our technological condition
would be far less advanced. If we succeed in preventing
another great war we shall have succeeded in hindering
the rate of technological progress. It may be objected that
the races for the moon and the planets, with all the
enormous volume of technological advances associated
with them, are phenomena of peace. But they are really
part of the aftermath of war and continuing enmity.

In this general consideration of the anatomy of pro-
gress, we have to remember that lines of development, like
seams of coal, can be exhausted. The development of the
railway steam engine is a case in point. It reached a stage
when not only was technical innnovation less and less
frequent in its history, but it became an anachronism.
There is perhaps development still to come in railway
electrification, but even there one is conscious of ap-
proaching a horizontal asymptote, an asymptote which
the conventional ocean-going ship has evidently almost
reached. In the manufacture of ships there is probably a
great deal to be done, but we cannot look for much
improvement in the performance of conventional vessels,
despite the influences of new propulsive systems based on
the gas turbine and nuclear energy. Much of their work
has been taken by aircraft, and the future may see some
of the rest taken by hovercraft, hydrofoils and sub-
marines.'" Even the rotorcraft may not, on the time-scale
of aeronautics’ second century, have much further to go,
perhaps not much further than half-way. It could develop
as an admirable commuting system: it has great possibili-
ties of improvement in its control and operation: it might
grow to accommodate 200 people: it could be—it is—a
great weight lifter, a specially mobile crane. But in most
visions of the more distant future, it has a relatively
humble place!®,

I have already suggested that logical progress in civil
transport is unlikely and have mentioned as disturbing
influences on it war and preparation for war. If, as we

all hope and pray, an era of peace descends upon the
world in the Royal Aeronautical Society’s Second Century,
however, the main influences on technological progress
will be deliberate planning, scientific discovery and
economics. Scientific discovery is partly chance and
partly planning, and I feel that if its influence is wrong in
kind or in tempo the fault will be ours, the scientists’ and
engineers’. But to be sure that economics is operating
fairly in its influence on progress is much more difficult.
The costing and hence the comparison of the variety of
solutions to communications problems is going to be
intricate and I believe it is not too soon to begin the deep
study of these matters. I will indicate the character of my
doubts about our present economic assessments by two
examples.

It is sometimes necesssary to compare the costs of
aeroplane and helicopter operations. In the former, the
cost of providing the runways essential to operation is
indeed generally partially reflected in the cost evaluation,
but in evaluating the helicopter operation the helicopter is
never given credit for the fact that the runway is, so to
speak, built into the machine. With the advent of the
civil VTO aircraft this matter becomes one of urgency.

My other example relates to the use of foreign equip-
ment in government contracts. Insofar as decisions are
made on cost comparison, then, except in times of full
employment, when capacity thrown up in one- activity
theoretically can be absorbed by another, the estimated
cost of home produced things should be reduced in the
overall cost evaluation by the tax to be paid to the Ex-
chequer by the staff concerned with their manufacture.
This has never been done, but clearly it should be.

In both these examples, the error arises because of our
habit of compartmenting. Costs in one government de-
partment apparently cannot be offset by receipts in
another. This is surely absurd. In the future it is
essential that our cost evaluation, inside and outside
government, becomes more refined, and if we are to
evaluate not only aircraft but whole communications
sytems accurately, there are complex problems for solution
by our accountants and fresh ideas to be developed by our
economists, and unless they and we collaborate, serious
errors will be made.

There is another aspect of the economics of aircraft
production which is much more the concern of the
engineers and scientists than the accountants. I refer to
the economic use of material. I have long been shocked
by the production of high performance structural parts by
machining away most of the material supplied. If the
material is one with a high scrap value perhaps the situa-
tion is not as bad as it looks at first, but the correct evalua-
tion of alternative processes, and the development of
potentially economic forming processes, is obviously a
matter of great importance for the future®?,

We are in a curious position at present in which, if
medical science is left out of account, we could do with-
out the discovery of new facts of science for quite a long
time while we were applying to technological advance what
we already know and while we are getting our economics
straight. Flat statements of this kind always on examina-
tion need qualification and, in this case, the filling up of
gaps in knowledge as an essential part of the pattern of
development, of course, would continue to be necessary.
But the assertion is broadly true, and while any attempt
to convert it into a policy would be quite disastrous, it
does at least suggest that a better distribution of effort
might result from more deliberate planning than we now
achieve.

Basic scientific discovery cannot be planned. Great and
influential discoveries like that of electro-magnetic induc-
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tion in the last century and the character of the atomic
nucleus in this are always possible and when they occur
they make nonsense of extrapolation; but they do not
remove the need for planning. If we are to have any
control of the technological future we must plan much
more effectively than we have in the past.

When I say “we”, I mean, for two reasons, we here in
the UK. I am not a xenophobe—far from it. But the
world is not ready for global planning and even if Europe
were ready for European planning, which manifestly it is
not, we should still, in my view, need to have a national
plan. It can be alleged that we have always planned, and
the allegation needs examining. First, there is not much
doubt that under the threat of war and in war, we did get
down to the job of planning, and, having made plans,
executed them with reasonable despatch. Our planning in
peace, however, has been lamentably defective and de-
pressingly so in aeronautics. The urgency of war unifies
action. Party politics temporarily disappear. And it is
politics that is the ruin of plans in peace.

In these remarks I am concerned with the future, but
when one considers the string of bad decisions of the past
in aeronautics, some of them stemming from the party in
power changing, some from sheer lack of understanding
by politicians of the issues at stake, we realise the need
for a system which, in what should be the uncontroversial
field of technological progress, would provide a coherent
plan to which we could adhere®®.

Inevitably the national economy will affect plans, but
a non-political continuing authority would be more likely
to slow up or accelerate a programme than to initiate and
cancel in the fantastically uneconomic way we have so
often seen in the past, insofar as we have been able to see
through our tears.

The planning of progress in communications or, if
that seems to be too big a step all at once, of our progress
in aeronautics, could in my view be the job of an authority
independent of party, which did not advise Ministers, but
was executive in its development of prototype systems and
controlled only by its budget allocation. Because com-
munications, and aeronautics in particular, are inevitably
the concern of defence, the defence ministries would need
to be associated with this essentially civil authority, if only
to ensure no unplanned duplication of research and de-
velopment effort and no unnecessary duplication of facili-
ties. But the authority would itself be the chosen
instrument for prototype communications development.

I put forward this idea of a new authority at a time
when the proposal of the Edwards Committee for a Civil
Aviation Authority concerned with safety and licencing is
still new®. I make no comment in this paper on an
interesting proposal which at the time of writing is still
under examination. And I do not suggest that the new
prototype communications planning authority I have
adumbrated should be added to it or put alongside it. But
I should like the same consideration to be given to its
merits and demerits as the Government, the Edwards
Committee and the interested parties gave and are giving to
the pros and cons of a central safety authority and the
adminstrative alternatives to it.

One can scarcely make the point too often that the
development of aeronautics in the next century depends on
the development of the overall pattern of communications,
on the development of other technologies and skills, as do
these also depend on the development in aeronautics. This
interdependence is basic and emphasises on the one hand
the desirability of a single continuing non-political com-
munications authority and, on the other, the overwhelming
difficulty of predicting what is going to happen. The
development of the video telephone, the possibility of con-

ference between individuals in offices scattered over the
world connected by such a device, must clearly make the
need to travel less. One can indeed visualise, as E. M.
Forster did in a story many years ago®™, a world in which
individuals are normally static in cells connected only by
super communications, individuals to whom physical travel
has once again become an adventure. But while all this
makes the unwisdom of prediction manifest, it does not
make the discussion of possibilities and probabilities unin-
teresting or indeed valueless. Indeed, did we think so, the
whole series of papers of which this lecture is the last
were misconceived.

The possibilities are indeed thrilling. 1t is difficult
to see the limit of what could be done. One chain of
possibilities flows from consideration of developments in
structures. There is indeed a limit to what can be achieved,
defined by our old friend the square~cube law-?® and the
use of the stoutest materials with the most economical set
of physical properties developing their theoretical strengths.
Had we stuck to the configuration of the subsonic trans-
port, then with current materials we could confidently
predict the economic aeroplane of maximum size. The
square cube law is a law of nature and, as the poet!®™
said : —

“However great your strength or stature,
You can’t repeal the laws of nature.”

But, just as in the case of the law of income tax, there
are ways round. One way, permitted—in fact, dictated
—by the aerodynamicists is to change the shape'®. Aspect
ratio does not loom so large as it used to. The other, of
course, is to develop materials with greater strengths and
stiffnesses and with the optimum combination, from the
structural engineers’ point of view, of these and other
properties. Metals, as at present produced, are so far
from their theoretically possible strengths, that alloys with
twice the strengths now achieved are possible. Indeed. in
the metallic field the alloys of steel and aluminium which
have so long been the basis of aircraft construction have
still a long course to run and the titanium alloys a still
longer one®”,

But just as in the development of the gas turbine whole
new fields of performance were opened up by the develop-
ment of the Nimonic alloys, so do we begin, with the
discovery of the carbon filament, to perceive the structural
potentials of non-metallic materials. At present carbon is
restricted because, to make it usable in anything but
tension, it needs to be embedded in a matrix, and its own
splendid characteristic of increasing in strength with
increasing temperature is nullified by the more normal
behaviour of the matrix resin. These difficulties will
undoubtedly be overcome, perhaps by the creation of
gigantic diamonds, but probably less dramatically.

In fact, it is more likely that ways will be found to
exploit the extraordinary properties of the finedrawn wire,
the filament and, most refined of these forms, the whisker.
These have strengths and elastic moduli significantly
greater than the materials they are made of have in their
more conventional forms. It is remarkable that some fine
whiskers have already been shown to have strengths near
to the theoretical strength of the inter atomic bonds, so
we are approaching the ultimate possibility in these cases.
The potential that such achievements indicate is indeed
prodigioust*?,

But less dramatic properties than strength are of the
greatest importance and we must hope for progress in two
directions in particular. One is the improvement of
fatigue properties of materials, the other is improvement
in forming properties in such ways that the other desirable
characteristics are not impaired.
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In the case of fatigue failure prevention, the most
obvious course is to decrease the ratio of working stress
to ultimate stress in a vital area by increasing the latter,
and the continual achievement of higher and higher
strength materials makes this a hopeful route. Neverthe-
less, one still hopes for a more fundamental solution of
the fatigue problem.

In the case of improved forming properties and hence
the avoidance of uneconomic machinery and scrap
creation, there is hope in the metallic field in the pheno-
menon of super plasticity and, in the non-metallic field,
in mouldable materials such as glass. Moudability could

. be influential in the elimination of joints and the avoid-
ance of stress concentration, all of which is of increasing
importance as desirable materials become more brittle!®.19,

Altogether one feels that the aircraft designer has
ahead of him an immense choice of exploitable advances
in material properties, properties which will enable him to
reduce structure weight. How cuickly these properties
will be available to him, however. is quite another matter,
and dependent upon the way government—or an indepen-
dent authority—allocates its research and development
finances and resources.

One way in which a considerable saving in structure
weight could be made immediately, is by the elimination
of windows, and it can be argued that, as in many large
aeroplanes, many of the passengers cannot see out of them,
and, further, that those who can are offered a depressing
monotony of scene, they would not be missed. Whether
the claustrophobes would be consoled by strategically dis-
posed television screens showing what is going on outside
is a matter which should be investigated. The other
possibility is to develop moulded glass as the structural
material for fuselages.

The development of materials and its effect on light-
weight structural design gives greater flexibility to the de-
signer in deciding upon aerodynamic configurations. He
has, we are told, a whole spectrum of major types of air-
craft within which to work", It stretches from the infra-
red of the classical aircraft to which we have grown ac-
customed, through the swept-wing aircraft to the slender-
wing machine typified by the Concorde, to the hypersonic
aircraft in the ultra-violet, the machine which rides on the
shock wave it creates. With the development of the VTO
slender wing aircraft and the possible advent of the wave-
rider, new design problems loom large. One in particular
is the choice of fuel for propulsion®?., Today we use the
fuel which gives the greatest calorific value per litre,
kerosene. If we feel we need the greatest calorific value
per kilogramme, however, we turn to hydrogen. We are
then confounded by the fact that its calorific value per
litre is only one quarter of that kerosene. Aeroplanes as
we know them are embarrassed by bulky fuels. However,
the wave-rider may not be. It is a little early to predict,
but if it is not, then it may be able to exploit the immense
calorific value per kilogramme of hydrogen, nearly three
times that of kerosene. If this can be done in connection
with some form of boundary-layer propulsion, we shall
have a vehicle, the shape of which 1 cannot at present
visualise, capable of reaching the antipodes in a couple of
hours.

But the most fantastic of our visualisations of the
possible future in air travel pale into the commonplace
beside the possibilities in space travel”. The materials
and some of the fuels which 1 have just mentioned in their
mundane context have their parts to play in the spatial
context. But much more dramatic in their gigantic pro-
pulsive powers are nuclear devices depending for energy
production preferably on nuclear fusion to nuclear fission.
The development of earth orbiting satellites as military

weapons is a regrettable present and future condition:
their advantages for observational purposes, even if not
used for offensive ones, is difficult for mankind in the
present state of its great knowledge and great unwisdom
to resist. But one can in the future see communications
satellites developing from vehicles conveying programmes
between nations to travelling broadcasting stations with
programmes of their own, a possibility for propaganda
alarming in its potential. This is only one of the manifold
possible developments ahead but it alone is a compelling
reason for this country to play a major part in space
developments if we are not to be swamped by alien
ideologies.

We can readily visualise the communications satellite
of today developing in such ways that the need for business
travel is reduced, the weather satellite developing from a
data gatherer to a vehicle for prediction. Certainly satel-
lites will increasingly be used as aids for navigation and
traffic control for ships and aircraft!®,

Whether we need visualise the space vehicle as a means
of travel, except for purposes of exploration, in the next
100 years, is doubtful. If, as Mr. Cleaver and Mr, Thwaites
think, in AD 2066 there will be people living on the Moon,
on Mars, in orbiting space stations and even on Jupiter
and Saturn, then a certain amount of physical interplane-
tary transport will be reauired®®. Even then, however,
I feel it will be regarded as something of an adventure. It
will presumably have meant, however, the achievement of
the non-expendable vehicle capable of landing and taking
off from both the earth and the other planet, and the
extrapolation into space of terrestrial law®?,

It is in this latest and most fascinating and amazing
field of human effort that prediction, prophecy, speculation
—call it what you will—is most tempting. It is in this field
too that the influence of some fundamental scientific
discovery still utterly hidden from us, and leading perhaps
to a completely unthought of source of energy, is likeliest
to be. Conceivably, some understanding of the nature of
gravity may develop, possibly from discovery in a
scientist’s laboratory, possibly from a discovery in the less
conventional atmosphere of a séance.

Possibilities for the next 100 years we can discuss,
probabilities not. Probabilities for the next 20 years are
hard enough to assess, but this year’s moon and Venus
achievements suggests that we should be cautious indeed
as prophets if we did not see a landing on Mars in the
1980’s.

However far our thought can reach, however bizarre
our conceptions of supersonic aircraft, of wave-riders, of
space vehicles, however refined the computers and their
programs, we visualise man in control. Man may
delegate more and more to machines he has designed as
the vehicles of delegation, but, unless he can delegate
foresight, prediction, and the handling of the unpredic-
table, there appears to be a limit to the degree of his
delegation. Moreover, the complexity of the machines over
which he must still exercise his dominion will increase,
and he has the problem of directing them through the
functioning of his own physical and neural composition.
We usually think of his having available for this control
his senses of seeing and hearing, as the direct means of
receiving essential information. No-one has so far sug-
gested his senses of taste and smell for this purpose. But
there are possibilities in his tactile sense and in the use of
his sense of acquiring information about movement and
attitude from the balancing faculty in his head™. It
appears that man is capable of using these senses in more
and more refined ways: that he may, for example, learn
to use his parafoveal vision, given the right kind of
signals for the purpose, in addition to his narrow direct
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vision, which requires him to scan. He may be assisted
by three-dimensional displays projected in the line of his
narrow forward vision. There are, too, the possibility of
more precise use of hearing, through technological advance
in the two-way reconstruction of original speech, the pos-
sibility of other languages, like the language of music, and
which convey accurate information. There is the possibility
of training and aiding the ears to advance beyond their
already extraordinary direction finding abilities"®. And
if the extended abilities of vision and hearing are not
enough, there is the possibility of developing for control
the tactile sense, which the blind reader of Braille has
demonstrated is capable of great refinement in perception.

For the exercise of control, as distinct from the
receiving of data, man may possibly develop far beyond
the wheel turning, button pressing phase he is now in. He
is capable, as the players of musical instruments show, of
translating a specialised language by great manual and
oral dexterities, and faculties of this kind might be used
for control. Man may, at the centre of an elaborate
control system, influence action by small movements of
his head relative to his body. In fact, for the refined
control of elaborate apparatus, there may be almost
unimaginable possibilities yet to be discovered in the
elaborate neural and muscular complex which each of
us is.

We have to remember, however, that this complex
mechanism has so far operated in a lg environment. If
we are in the next decades to adventure into extra-ter-
restrial regions, we shall have to adapt our physiology to
different gravitational environments, and the man-machine
partnership will be varied accordingly®®,

The fantastic speculations possible about man’s control
of his machines and man’s control of man relate, of
course, to the whole social scene, of which aeronautics is
but a small part. With its immense "influence in physical
communications, however, it is an important part, and we
in aeronautics must realise that we are in the beginnings
of a new phase in evolution, a phase in which man him-
self is beginning to influence significantly his own develop-
ment®™. Natural selection is no longer in control. We
have a responsibility for the future which is terrifying in
its magnitude, and we must pray for a wisdom commen-
surate with our knowledge and its incredible proliferation.

It is hidden from us still whether in the century ahead
we shall still see man sitting in the midst of the vehicle
he controls, controlling it by refined apparatus in intimate
connection with his own anatomy, or whether we shall
see the control exercised from afar by a computer, in
communication with the vehicle, controlled by a program
man has schemed. The rate at which the computer will
develop in its manipulation of our affairs is determinable
only by a computer operating to a program of incredible
refinement and comprehensibility. But the increasing in-
fluence of the computer not only in aeronautics but in our
lives is ineluctable. It is probably the most pervasive
influence to which man has ever been subjected: it has
indeed a potential universality beyond that of fire, of the
wheel, of printing!®, The possibilities indeed are so out-
rageous that it is a comfort to restrict speculation to aero-
nautics and think merely of computers controlling aero-
nautical transport, even though we extend its scope as far
as the moon.

The computer will be capable of almost any process
which possesses a structure describable by the human
intellect®, and consequently we shall see it, in the coming
years, more and more the instrument of aircraft design,
more and more the instrument not only of calculation and
record but of discovery by the logical integration of its
store of knowledge. Design by drawing on paper will be

with us for quite a while, I expect, but lines on paper as
a process for storing knowledge is already vieux jeu.
Journalists who for so long have loved to talk of blueprints
for the future, unconscious that the blueprint went out of
existence before the war, will at last have to talk of tapes
for the future. But with the development of advanced
systems of visual display, of instructions to the computer
by the spoken as well as the typed word, we can visualise
the design team of the future as highly trained engineers in
intimate dialogue with powerful computers®®, a vision a
little disconcerting to those who believe that the great
designer is a supreme artist. Will the great designer of
the future still be an artist? Will there still be room for
gracefulness and imagination to manifest themselves
through this incredible machine? We must hope so. But
while in the course of considering my material for this
paper, I have imagined many things I have never imagined
before, T have not succeeded in imagining the characteris-
tics of the Sydney Camm of 2066.

He was, in every sense of the word, an individual, indi-
vidual in the way he absorbed knowledge, individual in
the way he used it. Will education, with the increasing
use of televised and other visual programmes®, computer
controlled courses, and computer stores in place of human
memory, impose such a pattern as to cause to proliferate
the standard man? It is an awful thought. If we are all
to be alike, I hope we shall all be tolerant, polite, kind and
well spoken. Present trends suggest that this is unlikely
and mankind needs to make a conscious effort to arrest
his descensus averno. This is not the place to discuss
social behaviour except in one aspect—language. If we
are, as I have said, orally to instruct computers, if we are
to have dialogues with computers, it is advisable that both
ourselves and the computers use an accurate and compact
language. Perhaps it should be Hebrew, which is such
a language, but if it is to be English then for goodness
sake let it be terse. Let us rid ourselves of the cumbrous
Transatlantic neologisms which are invading our language.
Drop “assignment”, reinstate “job”. Cut out “elevator”
and “apartment” and restore “lift” and “flat”. Let us
“start” and not “commence”. Let us cross out “currently”
wherever we find it—the sense will be unchanged. Believe
it or not, I heard an American voice in a space programme
say, “Are you in visual contact with the earth? He meant.
presumably, “Can you see the earth”. And in an estimable
British technical journal I read the other day “A VDR
offers aircraft designers the capability of varying (such and
such).” Surely “A VDR allows designers to vary (such
and such)”. T believe we must arrest this tendency to
sloppy verbosity and that early in the second aeronautical
century we must reinstate English in educational curricula
or we are going to have some damned longwinded
computers talking to us later on.

I have made the point already that we shall be wise to
think of the development of communications rather than
of aeronautics by itself, and one of the most remarkable
influences in recent years on the communications pattern
is the air cushion vehicle, recently by law called the hover-
craft™.  The genus to which such craft belong is the
surface effect vehicle—machines which are sustained in
travelling across a surface because of their proximity to it.
This sustentation could be achieved by means of an air
cushion, positive or negative in pressure, through electro-
magnetic repulsion or just conceivably by other means
designed to defeat gravity. So far, the only practical
vehicles have been of the air cushion type and, the first
great inventive step having been taken (and as recently as
a decade ago), there is little difficulty for the most con-
ventional imagination visualising tremendous possibilities,
particularly in the fields of tracked and marine vehicles.
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The extrapolation of current technology already makes
possible marine craft of 750 to 1000 tons with top speeds
of, say, 75 kt, conveniently amphibious for docking pur-
poses. Such craft would be propelled by airscrews like
the 170 tons SRN4. Beyond 1000 tons, however, this kind
of propulsion becomes difficult and the large hovercraft
of the future, 10 000 tons in weight, 500 ft long and 150 ft
wide, will probably be driven by water jets, These, and
the hydrofoil stabilisers which will probably be needed,
demand underwater appendages which, from the viewpoint
of the purist, seems a pity. Such a step does, however,
effect an interesting hybrid craft, bringing together two
competing technologies, the air cushion vehicle technology
and the hydrofoil ship technology. If this is to happen, the
synergy will need to be effected with great skill and recol-
lections of the Great Eastern with its screws, its paddles
and its sails. But perhaps it is too soon to assume that
the marine hovercraft will not develop systems of stabilisa-
tion and propulsion of its own which do not require the
help of the turbulent fluid below it.

The hovercraft has been visualised too as a vehicle
which might help in the agricultural field, for example,
for sowing paddy fields®”. It is not likely, however, to
oust the aeroplane from the position it has so rapidly
developed in recent years in less specialised sowing, in
spreading fertilisers, in pest control. In the world of agri-
culture there is not much doubt the aeroplane has an
important part to play, particularly in developing farming
of the great lands of the agriculturally less developed
countries. But exactly what the aeroplane or helicopter
or hovercraft does in future depends not only on its own
abilities but on the progress in the rich field of agricul-
tural chemicals and the combined operation could well
develop wonderfully to the benefit of mankind, bringing
prosperity and plenty where there is now poverty and
misery®®.

And with the fantastic developments we see as possible
do we see ourselves travelling as safely as today? 1 think
we do. Take-off and landing are the most critical phases
of air travel, and to achieve them vertically is potentially
safer than charging along and approaching miles of con-
crete runway however refined our control becomes®).
Furthermore, the development of quality and reliability
techniques and the control of quality and reliability exhi-
bited by the achievements of the Americans and Russians
in space give considerable confidence in the safety of the
high performance travel of the second century.

But as we peer into the mists of the future, first in this
direction, then in that, we who are of a certain age see
little to console us. The world we have, with its million
faults, seems not so bad after all. Should we not be wiser
to slow things up a bit? If so, who is to be bold enough
to take the first step back. It is as big a responsibility as
creating the atomic bomb. But if we never discover
another fact, the vast inertia of advancing technology will
take us a long way down the roads we have been contem-
plating to a greater uniformity. Probably, the only thing
around us that we shall not succeed in changing is the
weather, though we may get better at using it to our
advantage and pleasure more efficiently®®. and better at
predicting it, avoiding it and taking off, flying and landing
through it®. Some of us may come to regard it with
affection as the only thing we cannot control.

Envoi

Joseph Conrad and Ford Madox Hueffer wrote Ro-
mance®), Somewhere near the beginning occur the words—

“. . . romance. It lies a little distance before us and
a little distance behind . .. One discovers that one
has passed through it just as one passed what is today
our horizon. One looks back and says ‘Why, there it
is’. One looks forward and says the same. It lies
either in the old days when we used to, or in the new
days when we shall . . .”

When I look back on the great things 1 was privileged
to take part in—the building of R101, the creation of the
jet engine—the scenes are illuminated with an heroic glow.
I have always felt the romance of achievement and I think
my contemporaries in aeronautics feel the same. But when
I look forward, does the horizon glow with the same
glory? I am not sure; the old eyes grow dim. But if it
does not, however affluent we become, the future is going
to be pretty grim.
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Extract from A Wrack Behind

Myself, when old

Lord Kings Norton

I am not quite sure when I became old, but I think I must date it in
my seventies when I retired from a variety of activities and settled
into a more sedentary style of life. I retired from Dowty Rotol and
Bergers (and so Hoechst UK) in 1975, from the Royal Institution in
1976, from Ricardo’s and British Printing Corporation in 1977 and
sold Withers Estates, very profitably for the Withers family, in 1981.

I was left with the chairmanships of two tiny companies, Land-
speed and Cotswold Research. While Landspeed has not served its
purpose, Cotswold Research has its place in history. Both companies
are concerned with the inventions of Professor Eric Laithwaite, who
demonstrated in model and prototype form tracked hovercraft
powered by the linear motor. Landspeed failed to develop this,
through lack of funds, to a commercially viable transport system,
though the Japanese appear to have done so. Cotswold Research,
however, made a success of an adaptation of the linear motors to the
separation of aluminium from scrap material and for their work,
which ended in profitable industrial apparatus and a big saving in
manpower, Mr A.P, Bird and I received the Prince of Wales Award
in 1986.

Apart from this, however, I seem to have had time for an active
social life with many clever and agreeable friends, time to help his-
torians and geographers of the world of aviation and time to develop
and enjoy my aeronautical collection, time to look back on a long
life and to reminisce about it to my family and intimates. In all this I
have had the help of two marvellous women — my late wife,
Marjorie Withers, to whom I was happily married for 53 years (she
died in 1980) and my present wife Joan Pack who is my unfailing
support in my old age. She is a wonderful cook. On my 90th birth-
day, she organised and cooked for a great party here. We had about
50 guests entertained in a marquee on the lawn. For my 95th birth-
day she gave me a garden fountain and my two sons were the hosts
at a splendid luncheon in the Seymour House Hotel, next door.
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Sadly I have given the addresses at the memorial services of old
friends, notably J.D. North, Sir Roy Fedden and David Keith-Lucas.
And T had the great honour of reading the first lesson at the memorial
service in Westminster Abbey for Frank Whittle. I chose the verses
from Proverbs 3: 13-20 and 4: 5-7, extolling wisdom and understanding
of which I am sure Frank would have approved.

I am, on the whole, satisfied with what I have done as an engineer,
applied scientist, and industrialist. But I am delighted with a few
trivial achievements outside the areas in which I was professionally
qualified. One I have confessed to already in these memoirs, my
adventure into pure mathematics marked by my two papers('b on the
theory of frameworks published in the journal of the London Mathe-
matical Society. The other which I cannot resist mentioning is my
facility in versification, mostly for the enjoyment of my family, my
colleagues and myself.



Extract from A Wrack Behind

A resume

Lord Kings Norton

When 1 look back, as I occasionally do, on the pattern of my long
life, I see it dominated by three great projects — the design and
construction of the airship R101, the development of the jet propul-
sion gas turbine, and Cranfield University. These are, so to speak,
the high hills in a plain of diversified scenery.

Of these great projects, I have included essays on R101 and on
Cranfield, but I have confined my reference to the jet propulsion
story to my opinion, long ago first expressed, of a great man, Frank
Whittle. I have not expressed myself at any length on the controversies
which mar the Whittle story and those who are interested — and
who is not? — should read Whittle’s own book Jet04 and Mr
Folley’s biography. Of the two men who I believe had the greatest
influence on my career, Sir Henry Tizard and Sir Harry Jephcott, I
will have something to say later on.

Of my schooldays I have written a little, whether the masters at
Kings Norton School were typical of their time I have no means of
knowing, but they were certainly extremely good teachers. Hale
introduced me coherently to mathematics, Morris grammatically to
French, and Weaver to the joys of English literature. I think I knew
something of Shakespeare before I knew Weaver, but he it was who
introduced me to the pleasures of Malory and the fine lines of Milton.
The headmaster was a chemist, and I have no reason to believe not a
good one, but he failed to enthuse me and to present his speciality in
a way acceptable to my logical mathematical mind.

In 1918 Ijoined the Austin Motor Co at Longbridge and I found
all the designers and draughtsmen in the aircraft design office help-
ful. After the war ended, one or two of the original aircraft team who
had been on. military service returned, and I found myself working
side by side, on the designs of the Whippet and the Kestrel, with Joe
Smith, who ‘became my friend and who in later years joined the
Supermarine team under the great R.J. Mitchell. Smith made a major
contribution to the desigh ‘of the Spitfire and succeeded as leader of
the team when Mitchell died.

When the post-war recession in aircraft production of the early
twenties developed, Austin abandoned aircraft and I went to work in
the shops and in my spare time worked for a London University
external degree in engineering. This I got, with first class honours, in
1922, and after two years post-graduate work at Imperial College, of
which I have written, I went to the Royal Airship Works, Cardington.

My years at the Royal Airship Works were full of interest and
hard work. I feel I contributed a great deal to the mammoth task we
who worked there had and I feel I learned a lot too, particularly of
the theory of structures which we (Baker, Pugsley, Hilda Lyons and I)
expanded in new and valuable ways. Before the great ship flew I was
transferred in 1929 to the Royal Aircraft Establishment at Farnbor-
ough and appointed to the airworthiness department. I was put to
work with a remarkably able scientist, H.G. Howard. In those days,
with the biplane type of aeroplane still dominant, the calculation of
the stresses in its wing structure was one of the major tasks in its
design. This was done by perfectly satisfactory, established methods
but Howard devised a most elegant polar diagram method of repre-
senting and calculating the shear loads and bending moments which
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R101 crash scene.

the wing structure had to withstand. He was, after a year or two of
our working together, transferred to an administrative post in the Air
Ministry headquarters and I lost sight of him. I became acquainted
too with another remarkable man, Kelvin Tallent Spencer, and we
soon became friends for the rest of his long life.

My wife, our son Christopher and I were living, in between houses,
in the Ridgemont Hotel in Farnborough, when in October 1930 came
the appalling news of the R101 disaster with the deaths of all but one
of the senior members of the Cardington team. Only five people
survived. I do not intend to discuss here the possible causes of this
awful accident, which has been the subject of not only an official
enquiry but of much public and private discussion. No satisfactory
explanation has, however, been offered and the best interested
parties can do — and there are still many — is to read Sir Peter
Masefield's To Ride the Storm; the Story of the Airship R10105. He
marshals the facts and the speculations but he does not provide the
solution. For me, the result was to be transferred back to Cardington
in charge of the technical staff, with Sidney Nixon, the one senior
figure who did not embark on the fatal voyage, as director of the
establishment. In one of the sheds we had R100 and at first our task
was to prepare it for further trials. But this rather pathetic interregnum
was cut short by a government economy committee whose recom-
mendation to scrap the whole outfit was in fact carried out. This was
the sad end of R100 and of a great adventure.

As for me I was, of course, moved back to the airworthiness
department at Farnborough, and I was soon involved in work of
intense interest but of less romantic content.

In the 1930s aeroplanes, both biplanes and monoplanes, suffered
from structural failures due to what was called wing flutter. The vul-
nerable craft, as speed increased, developed oscillations of the fixed
and movable surfaces which in some cases caused structural failure
and crashes. This phenomenon was investigated at the National
Physical Laboratory by R.A. Fraser and W.J. Duncan and I extended
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their pioneer work into the design field. The cures for wing failures
were the mass balancing of ailerons and the achievement of certain
degrees of flexural and torsional stiffness in the wing structure
expressed by the so-called stiffness criteria, which I defined
algebraically. The application of my recommendations correctly did
indeed eliminate this form of failure.

The other notable job I did was to discover and remedy the cause
of a series of accidents to the de Havilland Puss Moth. In 14 crashes,
13 were fatal and the pilot in the other had no recollection of what
happened. The fault lay in the structural design above the pilot’s
cockpit and was eliminated.

My concern with the integrity of structures led me into basic
investigations into the theory of frameworks and resulted in two
essays in what must be described as pure mathematics and which I
am proud to record were published in the journal of the London
Mathematical Society. My other papers were in applied mathematics
directed to the wing flutter problem and the calculation of wing stiff-
ness, several in collaboration with A.G. Pugsley. It was in these
areas that my lecture before the Royal Aeronautical Society in 1935
gained the Edward Busk Memorial Prize.

More and more, however, research and development became
focused on preparation for war and in 1936. I became the head of a
new department at the RAE called the air defence department. I
found myself engaged with a first class staff on the design problems
of our kite balloon barrage and the penetration of a similar enemy
barrage. That is where James Martin’s cable cutter played such an
important part. I have dealt with his work in this area elsewhere, but
I shall never forget the first very tentative full scale experiment in
which I flew with Squadron Leader (later the Rev Air Chief Marshal
Sir) Peter Frazer in the two-seater all-metal Northrop aircraft which
flew into light wires supported by bunches of toy balloons. This
could have been developed into an aerial game.

It was while my team was engaged in these quite useful exercises
that two vastly more important projects were under way. One was
the Whittle jet propulsion gas turbine, struggling against the odds at
Lutterworth. The other was the radio detection system, ultimately
called radar, the brainchild of Watson Watt being developed at
Orfordness.

All these technical advances were under the eye of Henry Tizard.
He was undoubtedly deeply concerned with Watson Watt’s work,
ably assisted by A.P. Rowe at Air Ministry headquarters. However,
though he supported my work at Farnborough and Whittle’s early
struggles, he had very little influence on their progress.

It was at the end of 1937 that I jumped back into the field of
aircraft airworthiness when I applied for and got the job of chief
technical officer of the newly created Air Registration Board, leaving
the civil service but with an agreement between the Air Ministry and
the board that if war was declared I was to be immediately available
to the government. I had in fact the whole of 1938 and, until war was
declared on 3 September 1939, was in the service of the ARB. I was
in the USA conferring with the American airworthiness authorities
when Neville Chamberlain did his extraordinary deal with Hitler,
deferring the opening of hostilities for a year.

The day after war was declared I was back in the service of the
government and I spent the war years first at Farnborough, then at
Harrogate and afterwards in the Ministry of Aircraft Production, get-
ting more and more involved in the jet propulsion gas turbine saga
with my headquarters office in Thames House South. My first minister
was, as I have recorded already, Lord Beaverbrook. He became
minister of supply and his place was taken by Colonel Moore
Brabazon, with whom, through the Royal Aeronautical Society, I
was already acquainted. He was a splendid man to work for but his
career in the Ministry of Aircraft Production was cut short when he
made an indiscreet remark in a post prandial speech at a public
function. He was removed from office and given a barony with the
splendid title of Lord Brabazon of Tara.

Certainly, my war period was dominated by my work furthering
the gas turbine programme. In this I was helped greatly by my
deputy, Group Captain Watt, and in other senior posts the test pilot
Group Captain Willy Wilson and the scientist O.A. Saunders (later
Sir Owen Saunders), destined for higher things in the hierarchy of
Imperial College. My personal assistant was Maureen Price, a splen-
did manager of my official affairs who married Philip Lawrence, a
leading member of my staff. Their daughter is my godchild and
Maureen is still a dear friend.

I suppose that the most effective instrument in my jet propulsion
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development work was the Gas Turbine Collaboration Committee
which I created in 1941. It held its first meeting in October of that
year in the Midland Hotel in Birmingham. The situation was that
after the successful maiden flight of the E28/39 the interest of the
aircraft engine industry was increased and several firms wanted to
embrace the technology which Whittle had created. They all had
ideas but they hesitated to share them with Whittle or each other. 1
pointed out that if a firm patented any obvious extension of the tech-
nology it could safely share it with the others and that by sharing and
discussing advances the whole technology would develop faster.
This was understood and the Gas Turbine Collaboration Committee
was a notable success. Meetings were held at the premises of the
collaborators who were Power Jets, Metropolitan Vickers, de Havil-
lands (Halford) Ricardo, Bristol, Armstrong-Siddeley and Rolls-
Royce, the last of which took the greatest advantage of the arrange-
ment and in the end benefited most. Surprisingly the committee
remained in existence for three years after the end of the war.

The other development which remains foremost in my memory
was the liaison in the jet propulsion gas turbine field with the USA.
When it was evident that the Americans would ultimately come into
the war, and we were already planning aircraft production with them,
American personne] were already here, both civilian engineers and
military personnel in civilian clothing. My own chief contact was
Colonel Lyon, a most agreeable man who became a General but
unhappily died soon after. His assistant and successor was Colonel
Keson, another man it was a pleasure to deal with and who, inciden-
tally, in the discussion following my lecture in Washington in
December 1945, paid a tribute to the Gas Turbine Collaboration
Committee and the advantages it offered to progress.

After the war of course there were all sorts of organisational
changes. The one that concerned me most was the amalgamation of
Power Jets (Research and Development) and the National Gas
Turbine Establishment at Pyestock. The result was a powerful R&D
establishment, with excellent staff, of which [ was the director and
Hayne Constant my deputy. A great deal of excellent work was done
there and great advances made in the fields of compressor
design and combustion.

Then, in 1948, came a big and, at the time, not entirely welcome
change in my career. I became, largely I believe because of the influ-
ence of Tizard, chief scientist of the Ministry of Fuel and Power. At
the time, the Minister was Hugh Gaitskell and the parliamentary
secretary was Alf Robbins, two politicians it was a pleasure to work
for. The Permanent Secretary was Sir Donald Ferguson and a most
influential and unforgettable young man named Leslie Murphy
(afterwards Sir Leslie Murphy) was the minister’s private secretary. I
suppose the basic notion of my appointment was to bring the attitudes
and experience which war had developed in the aircraft world into the
fuel and power area which, by comparison, had somewhat languished.
I believe I succeeded in introducing a new outlook and effort. Perhaps
I overdid it, but with the first class team I collected in which the
remarkable and imaginative Canadian Campbell Secord was promi-
nent it was difficult, though conceivably premature, to test the feasibility
of underground combustion of coal, the burning of peat (in a gas
turbine!) and the use of the methane in the ventilation of mines.

Although in the Fuel and Power hierarchy my post was at deputy
secretary level, I concluded that being a scientist, even though an
applied scientist and not a pure one, I should never achieve a perma-
nent secretary post. I therefore decided to leave the civil service.

I became a director of Wilmot Breedon, suppliers of bumpers and
other accessories to the motor industry, consultant to Rolls-Royce
and a member of the Council for Scientific and Industrial Research,
the body which at that time determined the policy of the department
with the corresponding name (DSIR). The chairman of the council at
that time was Sir Harry Jephcott, chairman of the great Glaxo com-
pany. In 1961 I succeeded him in the chair. Before that in 1957, how-
ever, undoubtedly through his influence, I had become a director of
The Metal Box Company, chaired by an outstanding and formidable
character, Sir Robert Barlow. He had formed the company by amal-
gamating a number of companies in the can making, packaging and
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printing industries. The company had been notably successful and
dominated the can-making industry of this country. However, Sir
Harry (by now created a baronet) and one or two others thought the
time had come for new blood and less dictatorship from the chair.
The ultimate outcome was that 1 became executive chairman in
1961.

The managing director of Metal Box at this time and during all
my years as chairman was David Ducat, a tall Cambridge graduate
who was a first rate administrator. I think he was more respected
than loved. He had been a worthy lieutenant to Robert Barlow in
building and developing Metal Box.

The large overseas business of the company, with factories in
India, Israel, Italy, South Africa, Rhodesia, Pakistan, Bangladesh,
the Caribbean, Singapore, Malaya and close relationships with com-
panies in Germany, Holland, France and Scandinavia was under the
command of David Brough, a genial and well liked figure who need-
ed little, if any, direction from above. Others high in the administra-
tion in the Baker Street headquarters were Alex Page (later chair-
man), Derek Huffam, the secretary McAllum and the finance experts
Sutton and Candson. All these were directors and there were in addi-
tion Sir Harry Jephcott and a successful addition I brought on to the
board from the world of higher education, Lord Murray of
Newhaven.

[ greatly enjoyed my years with Metal Box, especially my
contacts with overseas organisations on tours abroad. Under the
rules we had laid down for directors I retired in 1967 at the age of 65
but was immediately invited by the directors of Berger Jenson and
Nicholson (largely I think at the insistence of their bankers,
Schroders), to become chairman of the board which was split into
two factions and had somehow to be composed again as a harmo-
nious whole. This daunting task [ accepted and in the end succeeded,
though not without a great deal of unpleasantness, details of which I
do not intend to record. [ will refer, however, to a great personality
with whom I managed to disagree and still remain friends. This was
Mrs Vera Hue-Williams.

In 1941, our flat in the Cromwell Road having lost windows in a
bombing raid. we decided the time had come to leave London.
Incredibly we managed to let our flat and, through social contacts,
rented an attractive house in the grounds of a large property belonging
to Mr Lilley of the then well-known shoe firm of Lilley & Skinner.
We became friendly with Mr Lilley and his charming wife and got to
know his son Tom Lilley, who was married to Vera, a lady of means
from, I think, Rumania. At the time of my taking on the chairman-
ship of Berger Jenson & Nicholson, Tom Lilley had died and his
widow, thereby even better off, had married Roger Hue-Williams
and Mr & Mrs Hue Williams were directors on the troubled Berger
board. They were indeed leading members of the two opposing fac-
tions. When we once more had a Berger board concerned with policy
and management instead of a power struggle the company became
desirable in the eyes of other organisations with similar interests.
This in the end resulted in Bergers being acquired by the great Ger-
man chemical company Hoechst — one result was that Vera Hue
Williams retired from the board richer than ever — and wholeheart-
edly devoting to be a distinguished owner of racehorses, and my
association with her was restricted to a rare meeting in the Royal
enclosure at Ascot.

Another result was that while remaining chairman of Bergers I
became a director of Hoechst UK, a subsidiary of the main Hoechst
organisation in Frankfort. The chairman of Hoechst UK at that time
was Dr Gustav Bunge whom I came to like immensely. It is a long
time since we both retired from Hoechst affairs but we still exchange
Christmas cards and I like to remember that we worked harmoniously
together.

My retirement from the Berger-Hoechst business was part of my
general retirement from commercial affairs which I have remarked
on elsewhere in these memoirs. [ was in my middle seventies and
felt that T should enjoy a less strenuous life, and that is what I
proceeded to do.
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Address at St Margaret’s, Westminster,

The Lord Kings Norton

Sir Peter Masefield, CEng, Hon FRAeS

We, his family and friends, are gathered here today in the heart of
London to remember and to give thanks for the life and work of one
of the truly great men of our time — the Lord Kings Norton of Wotton
Underwood, ‘Roxbee’ to the legion of his friends and colleagues.

Through the many years of his active life, there were hardly any
avenues of the aeronautical sciences to which he had not made (and
enjoyed the making of) inspired contributions.

He was, indeed, “A Happy Warrior”.

If the question was to be asked — “What, among all Lord Kings
Norton’s many achievements, were those most to be acclaimed?”,
the answer, among such a galaxy, could, perhaps, be four.

All of them will continue, widely, to bestow their benign influ-
ences for years to come:

Of those four, the first is his key role in advancing Frank Whittle's
inspired concept of jet propulsion, so that it has become “the interna-
tional reality™ it is today in both military aviation and for civil air
transport.

Second: his establishment through the Air Registration Board in
1938 of a series of sound, comprehensive and practical airworthiness
requirements for all British (and many foreign) civil aircraft. They
remain the firm basis of ecivil aircraft certification and operation to
this day.

Third: his detailed precepts for the design and construction of safe
and secure modern aircraft structures, free from their earlier (brief
but deadly) aeronautical disease of wing—aileron Hutter.

Fourth: his pivotal role, and leadership, for 54 years in the
creation, at Cranfield, of a world-class university, a centre of excel-
lence and of advanced post-graduate education.

Any of those four would be acclaimed as a crowning achievement
for the whole of a man’s life work.

For Roxbee, each one of them was indeed, to him, an episode of
separate and intensive interest and satisfaction, successively rein-
forced by other major attainments to which he brought his special
qualities of understanding and expertise.

But perhaps most of all Roxbee was revered and acknowledged by
all who knew him as “One of the nicest of men one could ever hope
to encounter.”

He inspired devotion, not only for his intellectual qualities but
also for his kindliness, his courtesy and his integrity, all delightfully
interlaced with erudition and wit.

All the while he never held back from difficult decisions, nor from
his meticulous regard for others as a considerate and warm-hearted
human being.

This is not the occasion to innumerate the details of his many
attainments throughout the more than 80 years of his active life.
They included such valued worthy bodies as the Campden and Chorley
Wood Food Research Association, of which Roxbee had been proud
to be president since 1961. That, alongside the much larger Metal
Box Company and the Bird Group of Companies, which to Roxbee’s
great pleasure won the Prince of Wales Award for Innovation. They,
together with a number more besides, are represented here today, as
Roxbee would have valued so much.

The remarkable diversity of his good works extended from his
earliest days at Kings Norton Grammar School, to those years in
Whitehall when he made such extensive contributions to national
welfare. They began with his engineering apprenticeship at the
Austin Motor — and Aviation — Company in 1918, and went on
through nearly 40 years to the time when he was the chief scientist
and ‘forward thinker’ at one of the chief post-war ministries.

Fortunately, for posterity, there exists today a compendium of
some of Roxbee’s outstanding creative works (set out modestly in
his own clear and trenchant words) presented in the form of a series
of five classic lectures.

They were delivered at intervals in the course of 33 years as he
progressed from one major involvement to the next, and presented
before meetings of the Royal Aeronautical Society, the Royal Insti-
tution, the Royal Society of Arts and the American Institute of the
Aeronautical Sciences.

Together they constitute a unique record.

Now, the highlights are gathered into one volume, to form a trib-
ute to a lifetime of unparalleled versatility and technical prowess.

All of this came to a fulfilment. to Roxbee’s special satisfaction,
with the successful creation at Cranfield, from tentative beginnings
in 1943, of, first, a post-graduate ‘College of Aeronautics’. In due
course, it became an Institute of Technology, then a post-graduate
university with powers to award higher degrees and finally, and
triumphantly (to Roxbee’s crowning delight) the establishment,
under Her Majesty’s Royal Charter, of the broadly-based Cranfield
University.

All through it has been served by a brilliant, hand-picked statf,
headed from 1969 by Lord Kings Norton, who was (for almost 30
years) its chancellor. In Roxbee’s words, Cranfield has gone
forward “with many scintilating stars in its firmanent.”

Let me end with some words from Roxbee himself, written just a
short time ago:

He said:

“I confess in my old age ‘that [ am on the whole satisfied with
what I have done as an engineer, applied scientist and industrialist.
But, in addition, I am delighted with one or two trivial achievements,
outside the area in which I was professionally qualified.

“One was my adventures into pure mathematics, marked by my
two papers on the ‘Theory of Frameworks'. The other, which I ean-
not resist mentioning, is my slight facility into versification, mostly
for the enjoyment of my family, my colleagues and myself.

“In my retirement, my home in Gloucestershire is to me charming.
And there I seem to have had time for an active social life with my
close and agreeable friends, time to develop and enjoy my aeronauti-
cal collection, on television to listen to The Antiques Road Show
and to the delightful As Time Goes By, and to follow the adventures
of those legendary creations of my friend, P.G. Wodehouse in the (I
suppose, equally legendary) Blandings Castle, which 1 sometimes
seek in leisurely local explorations, driving my elegant Bristol car.

“In all of this I have had, in my life, the help of two marvellous
women, my late wite Marjory Withers, to whom I was happily mar-
ried lor 53 years (she died in 1980), and my dear present wife, Joan



Pack, who is my unfailing support in my old age. She is indeed a
perfect companion and hostess and, with all that, a wonderful cook
for small parties and large.

“For my 95th birthday she gave me a garden fountain, while my
two sons were the kind hosts of a splendid luncheon.”

Thus Roxbee.

As his friend and colleague Professor John Stollery has written:

“During his 27 years as Cranfield’s revered chancellor, Lord
Kings Norton presided over every graduate ceremony. He congratu-
lated every single graduate. To him this was not just an onerous
duty, but a pride and a pleasure.

“At the end of every graduate ceremony, the audience was treated
to a short speech, seldom more than four minutes long, (which he
regarded as appropriate for such occasions); carefully crafted,
always optimistic, and drawing upon his wealth of experience and
wisdom, to point the way ahead.
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“His vision of Cranfield was: ‘Excellence plus a mixture of acade-
mic rigour and practical application.’

“That vision, plus his qualities of kindness and humour, describe
the man.”

“We miss him indeed. We shall not see his like again.”

And so, let me recall those words of Stephen Spender which seem
s0 appropriate for our dear friend of so many years, Harold Roxbee
Cox, Lord Kings Norton:

“See how his name is fated by

The Whispers of wind in the listening sky

The name of one who in his life

Wore in his heart the fire of achievement

Born of the sun he travelled a short way towards the sin

And left the vivid air signed with his honour”

And so for Roxbee, an inspiration to all who knew him, a guiding
spirit for generations to come.
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