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We will live through a time of immense change; as
architects we are bound to follow and promote this
change wherever it is for and not against life. In
architecture technical change is long overdue. We
have only to open our eyes to what is being built
in other fields—ships, aeroplanes, wireless sets, motor
cars—to see our own ludicrous situation and take
hope. Socially we stand in a desert that cries
out for new growth—that needs new social structures
to give shape and direction to the movement of our
lives. This need goes deep; but we can—we must—
evolve ways of working towards it. Collective ways,
because cur problem is the painter’s, the factory
worker’s, the physicist’s, the anthropologist’s. With
our different ways of working directed together
towards life, we can begin again. Fifty years ago
men began to fly. With the same excitement and
patience we can begin to live and to build.
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tion, School of Architecture A. A., London, Eng-
land, and is reprinted with their permission.

“An wuninterrupted navigable ocean, that
comes to the threshold of every man’s door,
ought not to be neglected as a source of hu-
man gratification and advantage.”

For thousands of years men had tried to
fly. Time after time madmen battered the
intangible air with feverish combinations of
wings, oars and paddle-wheels, but it would
not be conquered. One by one they fell to
death and became heroic legends. Until, at
the beginning of the nineteenth century,
magic began to yield to the certainty of
science. The urge to conquer became the need
to understand, and men began to see in the
bird’s equipoise in moving air the idea,
rather than the form, of human flight.

Later in the century science and skill com-
bined in men like Otto Lilienthal who studied
the soaring flight of the albatross and built
himself a rigid glider based on its lifting
form. In long years of discovery he gradual-
ly refined the structure of his wing, and came
to understand the nature of the supporting
air through which he sailed.

He was learning to fly.

The dream of centuries began to come true.

Courtesy of the Director of the Science Museum, South Kensington, England




1799

George Caley made a mathematical analysis of the problem of flight and defined it
thus: “To make a surface support a given weight by the application of power to the re-
sistance of the air”’. He is the pioneer of the aeroplane. He engraved this coin showing
the triangle of forces on a bird’s wing in gliding flight, and introducing for the first
time the ideas of lift and drag.

He said: “A common paper kite would

skim for twenty or thirty yards supporting
its own weight; it gave the idea that a larger
nstrument would be a better and safer con-
veyance down the Alps than ever the sure-
footed mule, let him meditate his track ever
so intensely.”

Henson and Stringfellow founded the
“Aerial Steam Transit Company’ which was
based on “Certain Improvements in Loco-
motive Apparatus and Machinery for Con-
veying Letters, Goods and Passengers from
Place to Place through the Air, ete.” Their
scaled-down prototypes, though hedged
around with patents, refused to leave the
1843 ground.

Courtesy of the Director of the Science Museum, South Kensington, England

Stringfellow describes one of their tests:
“There stood our aerial protegee in all her
purity—rtoo delicate, too fragile, too beauti-
ful for this rough world. I soon found, before
I had time to introduce the spark, a droop-
ing in the wings, a flagging in all the parts.
In less than tem minutes the machine was
saturated with wet from a deposit of dew,
so that anything like a trial was tmpossidle.
I did not consider we could get the silk tight
and rigid enough. Indeed, the framework al-

\J’/ together was too weak. The steam engine
1893 was the best part.”

Sir Hiram Maxim, arms magnate and inventor of the machine gun, said: “In 1887
I was approached by several wealthy gentlemen who asked me tf I thought it was pos-
stble to make a flying machine. I said, ‘Certainly. The domestic goose is able to fly, and

cost and how long it would take, and, without a moment’s hesitation, I said it would re-
quire my individual attention for five years, and might cost £100,000.”

By 1893 the machine was complete, and ready for testing on a quarter mile run-
way in Maxim’s private park. It was an enormous construction driven by two steam
engines and weighing nearly four tons, with a wing span of 104 feet. Its runway was
so constructed that the machine could not rise more than 2 feet from the ground. Maxim
seems to have been satisfied with his results, for he sought the power rather than the
skill of flight.

Courtesy of the Director of the Science Museum, South Kensington, England

“When everything was ready, with reliable observers stationed on each side of the
track, the order was given to let go. The enormous screw thrust started the machine so
quickly that it nearly threw the engineers off their feet, and the machine bounded over
the track at a great rate. Upon noticing a slight diminution in the steam pressure I
turned on more gas, when almost instantly the steam commenced to blow a steady blast
from the small safety-valve, showing that the pressure was at least 320 lbs. in the pipes
supplying the engine with steam. Before starting on this run, the wheels that were to
engage the upper track were painted, and it was the duty of all my assistants to observe
these wheels during the run, while another assistant watched the pressure gauges and
dynagraphs. The first part of the track was up a slight incline, but the machine was
lifted clear of the lower rails and all the top wheels were fully engaged on the upper
track when about 600 feet had been covered. The speed rapidly tnereased, and when
900 feet had been covered, one of the rear axle-trees, which were of two-inch
steel tubing, doubled wp and set the rear of the machine completely free. The pencils ran
completely across the cylinders of the dynagraphs and caught in the underneath end.
The rear end of the machine, being set free, raised considerably above the track and
swayed. At about 1,000 feet, the left forward wheel also got clear of the wupper track,
and shortly afterwards the right forward wheel tore up about 100 feet of the wupper
track. Steam was at once shut off and the machine sank directly to the earth, embedding
the wheels in the soft turf without leaving any other marks, showing most conclusively
that the machine was completely suspended in the air before it settled to the earth.”

The machine was wrecked, and Maxim turned his attention to other things.




By 1900 Lilienthal had developed, through his sys-
tematic gliding experiments, the skill of the flyer—the deli-
cate adjustment between man and air movement.

Maxim the engineer saw flight largely in terms of
power. His machine drove itself into the air like a projectile,
but it could not fly.

It was the American Wright brothers who had both the
acute care and the mechanical skill to fuse these two ap-
proaches in the first controlled power flight. This was
achieved at Kitty Hawk, North Carolina, in December 1903.

Orville Wright describes the December flights: “Fatith
m our calculations and the design of the first machine,
based upon our tables of air pressures obtained by months
of careful laboratory work, and confidence in our system
of control developed by three years of actual experiences
of balancing gliders in the air, had convinced us that the
machine was capable of lifting and maintaining itself in
the air, and that, with a little practice, it could be safely
flown.

“Wilbur having wused his turn in the unsuccessful at-
tempt on the fourteenth, the right to the first trial now be-
longed to me. After running the motor a few minutes to
heat it up I released the wire that held the machine to the
: track, and the machine started forward into the wind.
Fligh: Wilbur ran at the side of the machine, holding the wing
to balance it on the track. Unlike the start on the fourteenth, made in a calm, the ma-
chine, facing a 27 mile wind, started very slowly. Wilbur was able to stay with it till it
lifted from the track after a forty foot run. The course of the flight up and down was
exceedingly erratic, partly due to the irregularity of the air and partly to lack of experi-
ence in handling this machine. The control of the front rudder (actually the elevator)
was difficult on account of its being balanced too near the centre. This gave it a tend-
ency to turn itself when started, so that it turned too far on one side and then too far on
the other. As a result, the machine would rise suddenly to about ten feet, and then as
suddenly dart for the ground. A sudden dart when « little over a hundred feet from the
end of the track, ended the flight.

This flight lasted only twelve seconds, but it was nevertheless the first in the history
of the world in which a machine carrying a man had raised itself by its own power into
the atr in full flight, had sailed forward without reduction of speed, and had finally landed
at a point as high as that from which it had started. Only those who are acquainted
with practical aeronautics can appreciate the difficulties of attempting the first trials of
a flying machine in a 27 mile gale. As winter was already set in, we should have post-
poned our trials to a more favourable season, but for the fact that we were determined,
before returning home, to know whether the machine possessed sufficient power to fly, suf-
ficient strength to withstand the shock of landings, and sufficient capacity of control to
make flight safe in boisterous winds as well as in calm air. When these points had been
definitely established, we at once packed our goods, and returned home knowing that
the age of the flying machine had come at last.”




TECHNIQUES

The Wright brothers’ flights, in 1903, released unbe-
lievable sources of excitement all over the world. Six years
after their first success, aircraft were being built through-
out Europe and America. The atmosphere of change and
discovery allowed for no preconceptions of form—for the
problem was an entirely new one calling for new uses of
materials in totally new kinds of structure.

These early aircraft have the essential economy of all
moving things— bicycles, gramophones, the cinematograph.
Structures were needed which were lighter yet stronger
than anything built before. Flyers’ lives depended upon the
planes they built which had to withstand, during flight, the
vibration of the engine as well as the swing of stress during
the change from one banking turn to another. Only by
acting as a complete adjusting body could the structure
respond to these varying stresses, and yet it frequently had
to be taken to pieces and towed to a new landing-field.

To answer these needs the aircraft builders eagerly ac-
cepted—and often actually invented—new materials and
new methods of connection. Some of the earliest uses of
light metal alloys and electric welding can be found in air-
craft; but the first frames are mostly of timber: hickory,
bamboo, ash, and other resilient woods. The whole structure
is kept rigidly related by thin adjustable wires, and its
timber struts, where they need complex and durable con-
nection-points, end in neat metal casings. Sometimes even
these are dispensed with, the members being bound tightly
together with glued tape or thread. The frame was for many
yvears exposed, and only the lifting surfaces were covered
with tight, oiled silk.

Demountable
joint between
wing-spar and
vertical strut
on the Cody
Biplane, 1912

Main-frame joint
metal angle bound
to timber members
with glue-soaked
linen tape.

A Dbracing-wire tightener

“Anybody accustomed to seeing a
petrol motor run in a chassis, or on
a bench, receives a shock on observ-
mg an engine start in the Wright
aeroplane. It appears to bounce and
wiiggle about on the pliant frame.
When it is running slowly at the
start, it seems inevitable that its
breaking adrift can be a matter of
minutes only. Yet if you try to fol-
low the vibrations to any extremity
of the machine you will fail to do
so. T'he shocks caused by the power
pulses are quite absorbed before
they reach the extremities of the
main planes, or the flight path con-
trol planes forward, or the vertical
rudders  behind.”—“Flight”, 1909.

“What is required of the mechanic
who takes in hand the work of
aeroplane construction? He must be
a perfect judge of wood, both with
regard to its quality, its strength,
and its suitability for the frame-
work of the structure, and he must
be able to manipulate that material
with the most minute accuracy and
i such a fashion as to secure a
minimum of weight with a mawi-
mum of strength and durability.”
“Flight”, 1910.

“In aerial work lightness in con-
junction with strength 1is every-
thing. Electric welding is especially
suited to the joining of tubes and
rods, which joints are effected with-
out the use of lugs or brackets and
are therefore as light as it is pos-
sible to make them.”

“Flight”, 1910.

These are four of the many ma-
chines at the Olympia Flight Ex-
hibition of 1910. They were all con-
structed mainly in ash, and had a
uniform control! system of rudder,
elevator, and warping wings.

AVRO TRIPLANE/550 lbs
40 mph/35 h.p.

FARMAN BIPLANE/1,050 lbs.
40 mph/50 h.p.

STAR MONOPLANE/750 lbs
36 mph/40 h.p.

L

BLERIOT MONOPLANE/660 Ibs
40 mph/25 h.p.
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STABILITY

The problem of how to make an aircraft
fly smoothly—that is, without rolling and
pitching—is chiefly a matter of how the ele-
ments of flight—the surfaces for lift and
control, the engine, airscrew, and landing
gear—are related to one another in space.

By 1909 it had become clear that there
were two different ways of approaching this
problem. One was the amateur’s way ; it pro-
duced a multiplane machine that could
change from day to day as new ideas came,
that could easily be taken to pieces and
quickly mended when it crashed. It was an
adaptable rather than a fixed design. This
method dispersed the mechanical problems
and solved each separately—engine and air-
screw, rudder, elevator and main planes
were spread about the machine; compressive
and tensile energies in the structure were
conducted along separate paths and concen-
trated at many different points of connec-
tion; impact and vibration were absorbed
not at localized points but through distortion
of the whole structure; and the pilot hung on
where he could like a bird in a cage.

The other method, which produced the
monoplane and subsequently the commercial
biplane, was the method of concentration.
The aeroplane developed as a system of
beams and cantilevers instead of a cage of
wires and struts. Rudder and elevator were
condensed into a tail unit separated from the
engine and wings by a narrow girder, the
fuselage. The wings were attached to this
girder at two points and held in position by
two sets of tension wires—one which hung
the fuselage from the wings in flight, and one
which hung the wings from the fuselage on
the ground. The engine, airscrew, and land-
ing gear, were all assembled in a single
frame in front of the wings, and the pilot
sat between them at the focal point of the
whole machine.

This was the method of rationalisation, of
perfection; the single inevitable solution,
ready for mass-production, fit to fly the chan-
nel and incapable of further fundamental
change,

multiplane

monoplane

(B)

Main Planes: both single and double
covered method is employed, the
planes being superimposed and braced
in the form of a lattice girder.

The Elevator is usually constructed in
a similar manner to the main planes.
Although the initial function of the
elevator is to assist in raising the
machine from the ground, in actual
flicht it is used principally to damp
Jongitudinal oscillations, the actual
elevating being usually accomplished
by varying the speed of the engine.

The tail seems to be an accessory of
doubtful utility.

Is a vertical plane in line with rud-
der (E) to assist in directional steer-
ing.

Airelons (now ailerons), which are
used to obtain lateral stability, and
take the place of flexing the main
planes.”

“(A)

(B)

(C)

(D)

@

The Main Wings, which are in all
cases double-covered.

The Body: this being made up in the
form of a lattice girder of box-section,
of wood struts and wire ties, and is
usually encased in fabric to reduce
air-friction. When water-cooled en-
gines are used the radiators are in
most cases placed along the side of
the body.

The Elevator, is placed at the back of
the machine, and in conjunction with
rudder (D) forms the tail.

It is probable that before long the
vertical tail may be dispensed with,
and side steering be effected by move-
ment of the wings alone.”

From ‘“Design and Construction of Aero-
planes”—Flight 1910.

one of the
four main
junction-
points of
the frame

MR. CODY’S “CATHEDRAL” 1912—one of the

last amateur machines

“The non-rigid type of biplane, with its extraordinarily simple and ingenious de-
sign for resisting shocks at those points where they are likely to be received, has really
no meed of coil springs, pneumatic shock dampers, combinations of levers and
other guess contrivances. The scheme allows plenty of play, and you do not see anybody
making wires taut as in the case of the rigid, French-built machines.” “Flight” 1909.

The multiplane v. monoplane controversy raged for years in the aircraft world and
was too bitter a dispute to be explained on technical grounds alone. It was in fact symp-
tomatic of two ways of looking at flying. For early experimenters the achievement of
flight itself was everything, and efficiency far less important than the joy of taking one’s
own invention into the air. But now, from the enthusiastic chaos of the early years a
more purposeful view was developing—the idea that the aeroplane could be ‘useful”.
Worlds like “responsibility” crept into addresses at aeronautical meetings, and the
old fly-lovers tore their hair.

Bleriot, a successful manufacturer of motor car headlamps, personified this change.
After early experiments he confined his work to refining a single idea—the monoplane—
and from 1906 onwards his machines show a consistent development which contrasts
strongly with the less rational love of flight of his contemporaries.

In thgz £1,000 Cross-Channel Competition of 1909 it is Latham, the amateur, who
plunges with his untidy machine into the sea and Bleriot, almost unnoticed, who slips
over the water in half-an-hour, lands precisely at Dover, on July 25, and collects the
prize.

“Flight”, June 19, 1909:

“So confident is Mr. Latham of his ability to cross the English Channel before very
long, that he has, it is said, laid wagers to a very large amount that he will perform the
feat before July 15. The actual place of crossing is still undecided, but he will probably
start from some point between Calais and Boulogne, and he would like to land at Folke-
stone for, as he quaintly puts it, he ‘has cousins there, and it would please them.’”’

Meanwhile Bleriot, making cross-country practice flights in France, is quietly pre-
paring for victory: “Under fifty yards start sufficed to get the flyer aloft, and hardly
had M. Bleriot passed the word that he was ready than he was flying along at a height
of 25 meters above the ground. Off chased the three motor-cars in pursuit, and soon the
cavalcade was spinning along over the highroad to Orleans, while Bleriot himself sped
over hedges, ditches, fields and trees, as he cleaved his own course in a direct line for his
destination. Presently the railway hove in sight and the locomotive of an approaching
train whistled with all its might. Heads were thrust out of carriage windows, first in
alarm, then in amazement. It was an inspiring moment as Bleriot, gracefully increasing

11



12

his altitude to clear the telegraph wires, sailed calmly over the railway high above the
train, waving his hand to the excited and cheering passengers. Having finished his jour-
ney M. Bleriot without delay proceeded to dismantle the machine.”

After days of waiting for good weather, Latham impatiently takes off and is over
the sea, halfway to England:

“He was on the point of taking a photograph of his convoy the torpedo-destroyer
‘Harpon’, as it steamed furiously through the waters nearly 1,000 feet below, when he
first heard his engine misfiring. ‘Instantly I gave up my idea of photography’, is M.
Latham’s first remark when commenting upon the incident. ‘I examined all the electri-
cal connections that were within my reach’, he continues in the narrative he wrote for the
‘Daily Mail’. But, as he explains, ‘I could hear that more than one of the eight cylinders
was misfiring’. Affected by the recollection of the difficulty, Mv. Latham gives way at
last to his first signs of feeling. ‘It was maddening, but I was helpless. Never before had
the engine played me such a trick after so short a flight.” Like all good sportsmen, Mr.
Latham eccepted the inevitable and glided down to the surface of the water, for, as he
suceintly remarks, ‘There was nothing else to be done.””

Taking advantage of a break in the weather, Bleriot sets off the next day:

“It was almost without warning, but nevertheless with a send-off on the French
shore from an enthusiastic crowd, that M. Bleriot flew across the Straits of Dover on
Sunday. His monoplane quickly outstripped the torpedo-boat destroyer ‘Escopette’ with
which the French Government replaced the ‘Harpon’ that was on duty during Mr. La-
tham’s attempt. In mid-channel M. Bleriot lost sight of land and of his escort for a very
uncomfortably long period—estimated by him to have been ten minutes—and was en-
tirely without means of ascertaining his proper direction. In the circumstances he did
the only thing possible, which was to keep straight on:

““I towch nothing. My hands and feet rest lightly on the levers; I let the aeroplane
take its own course. I care not whither it goes. For ten minutes I continue, neither
rising, nor falling, nor turning. And then, twenty minutes after I have left the French
coast, I see the green cliffs of Dover, the castle, and away to the west the spot where 1
had intended to land.

““What can I do? It is evident that the wind has taken me out of my course. I am al-
most at St. Margaret’s Bay and going tn the direction of the Goodwin Sands.

“‘Now it is time to attend to the steering. I press the lever with my foot and turn
easily towards the west, reversing the direction in which I am traveling. Now, indeed,
I am in difficulties, for the wind here by the cliffs is much stronger, and my speed s re-
duced as I fight against it. Yet my beautiful aeroplane responds. Still steadily I fly west-
wards, hoping to cross the harbour and reach the Shakespeare Cliff. Again the wind
blows. I see an opening tn the Cliffs.

k—g

£

) “fAlthough I am confident that I can continue for an hour-and-a-half, that I might
mdf(fd return to Calais, I cannot resist the opportunity to make a landing upon this green
spot.

“He put in at a gap in the cliffs where a representative of ‘Le Matin’ was signalling
to him with a tricolour flag. Although the arrival was noticed from afar by several,
Police Constable Stanford was the only eye-witness of this great historic event—the
landing on British sotl of the first flyer to cross the Channel.”

The sketch drawn by Bleriot tracing his journey across the Channel is potentially
the large-scale control of flight in wartime operations rooms. Bleriot stood at the point
of transition, for from that moment flight was predictable. Maps could be used, charts
drawn, war and commerce transformed by this new vector of experience. The aeroplane
was established as a social product, no longer the astonishing result of personal ex-
periment and skill. And although this change is inevitable, something has been lost. Ef-
ficiency increases as forms crystallize, workshops grow into anonymous factories; va-
riety yields to repetition.

It seems important that we should understand and feel for this early stage in the
development of flying, whose sense we have tried to convey in this article. For in archi-
tecture, with the technical revolution at its height and new social forms emerging, we
stand now on the threshold of an experience as new as that which welcomed the pio-
neers of flight. These men, faced with unheard-of possibilities and problems, gave them-
selves openly and confidently to a new experience. From their story we can learn to
avoid, as they did not, the deadly anonymity of machine production wrongly used. With
the same excitement and patience we can achieve, as they did, the perfect response to
a new situation.
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R. BUCKMINSTER FULLER

CONSIDERATIONS FOR A CURRICULUM

This is the second in a series of replies to a questionnaire sent to
selected educators, scientists, philosophers, and engineers, by a special
committee of the School of Design formed to make recommendations
for a recent change in the curriculum. The preceding issue of this
magazine presented the reply of the Italian engineer, Pier Luigt Nervt.

In speaking of “The Great Design” man refers to the a priori inventory of recog-
onized events called “universe” and uses the word “design” subjectively. However man
is unique amongst “living” phenomena in the degree to which he has advanced objec-
tive design participation in the evolutionary mutations of universe. By objective ‘“de-
sign” T mean: conscious employment of experimentally discovered principles governing
pattern modulation. Scientific generalization of the present inventory of discovered prin-
ciples seemingly reduces modulations to a mutually permitted and required couple. This
couple consists of frequency and angle. These may be independently modulated or modi-
fied, respectively, though constantly coexistant. The frequency modulations and the an-
gular modifications employable by man may be applied by him to local or sub-system in-
teractions of energetic universe. The local transformations thus integrated ever reac-
tively (indirectly—inadvertently) accelerate irreversible total transformations of uni-
verse.

The following is a digest of my recommendations regarding the organization of a
Graduate School of Design. I have separated the thoughts into direction, scope, and cur-
ricula. I have also elaborated mildly regarding the topics of the digest.

DIRECTION

Direction should be to aid the student in preparing himself to functicn in the indus-
trializing world society as a competent initiator of patterns for increasing common ad-
vantage. This function catalyzes both operative and potential resources of all kinds into
a realigned and realizable technology and management strategy, providing demonstrable
increase in performance increments per units of invested resources. We will call this
function the Design Function.

The design function is that of a science and art of integration of the excelerating
omnidirectional penetrations of all specialization’s differentiating functions. The “ar-
chitect” is thus expanded as a function from that of a commanded servant, limited in
his realizations by local resources, and subjectively reflexing his practiced diciplines in
conventional solutions, into original and objective functioning as an initiator of compre-
hensive patterns, realizable in the terms of the unlimited resources of the energetic uni-

.

verse, as the latter is explored by pure science, and with priority of access to the first line
tools of technology.

This function of original comprehensive patterning was performed throughout the
last half millenium by the masters of world commerce, operating through political
sources with their right hand and through private enterprise with their left hand, the
accrediting and coordination of these two activities being alone integrated through the
unpublished determinations of those masters. The world patterning by these masters of
commerce, terminated between World War I and World War II when:

A) The monetary gold bullion, with which they contrclled the pat-
tern, became inadequate to the new orders of magnitude of
wealth increments characterizing world industrialization.

B) The sensorial faculties of the individuals who had commanded
the total contrived patterning became inadequate in appraising
the new potentials of universal resources as opened up by the spe-
cialized extensions of science and technology into the nonsenso-
1rial reaches of the energy spectrum.

The condition (A) above is dramatically visible from our quarter century hind-
sight advantage of 1952, when we discover that whereas the 40 billion dollars approxi-
mate sum-total world supply of gold bullion employed by International Banking to
cover all activity accrediting of the World pattern (and today retired to an artificial re-
deposited mine in the Kentucky hills) is dwarfed for instance by the 58 billion of active
industrial-facility-command dollars, furnished by the population of the United States
as “taxes” to their representative government in the one year 1952 to implement going
expenses of its domestic and world patterning alone; while in the same year this United
States population, which is only 6 per cent of the world population, produced 340 billion
dollars worth of real produce, goods and services and initiated emergency defense ex-
penditures of 70 billion dollars and extended 7 billion dollars of further capital initia-
tion and prior access to technology’s productivity as defense aid to peoples in other lands,
and was further able to add 13 billion dollars to its bank account. All of this emergency
articulation of resources was permitted as increment of the wealth over and above the
personal income account of this 6 per cent of the world population, which is as yet only
operating at the low level of 4 per cent over-all energy efficiency of total consumed an-
nual industrial energy potential, yet which income account before these emergency ex-
penditures bulks in hundreds of billions annually.

Clearly the integrity of the functioning of credit dollars has gone as abstract and
beyond sensorial manipulation as has the mathematics which instruments the science,
which in turn instruments the technology. The industrializing (sum-total) ephemeralizes
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as it goes rapidly from wire to wireless, track to trackless, pipe to pipeless, horse to horse-
less, pilot to pilotless, and now completes the abstract “plumbing,” (i.e., the mathemati-
cal formulee and technology) required to harness universal energy, and shunts the latter
into preferred patterns of general man advantage.

In the last quarter century world society in general, and individual societies in par-
ticular, have found themselves operating in entirely new environmental integrations
and with entirely new levels of realizable technological advantage. Yet it was gradually
discovered that the old masters of comprehensive pattern, to which all other man-de-
vised patterning had been subsidiary and sequential, had retired unannounced and that
politically ambitious groups and individuals had sought to seize the released initiative.
Because those same sensorial limitations which had rendered the masters of commerce
inadequate also frustrated the ambitious politicians, a quarter of a century of political
fumbling of the initiative has confronted world man with a dawning awareness of the
need for a true science of comprehensive design.

Though democracy’s prerogative has been thus frequently betrayed, such usurpa-
tion of authority into temporary dictatorships are baseless and always collapse.

Democracy, in historical fact, now alone has the fundamental authority over the
industrial productivity. Industrial productivity ceases when the people as producer-con-
sumers assert their will, but authority governs only access to the productivity. Authority
cannot in itself produce, production must be initiated and iniation is inherently depend-
ent upon the individual or a plurality of cooperating individuals. Democracy has vested
its authority over prior access to productivity only in its military as a defensive or nega-
tively subjective reflex action. Democracy can and may vest its authority of prior access
to scientifically augmented degrees of productivity (industrialization) in positive or ob-
jective reflex pattern modulation. Its authority can accredit individual and cooperative
pluralities of individually taken initiative.

Such a science of comprehensive design can be developed through the initiative of
those who are custodians of cumulative intellectual and technical resources of man. These
custodians are the universities. The task of developing graduate students in comprehen-
sive design (as comprehenders of the principles permeating the plurality of sciences and
arts and of the principles operative in the logistics of world resources processing) is
superficially formidable, but clearly subject to solution. In the calculus integration is
no more difficult than differentiation;—in industrialization, comprehensive patterning
need be no more difficult in principle than successful specialization.

SCOPE
Numbers of students and ramification of their activity must be originally modest. No

more should be attempted than is clearly seen to be profitable. Exploration of the new

science and art of comprehensive designing must develop its own momentum as the in-
dividual is given every aid in self-development and initiative. Because the art and science
is to be objective and original, its success must be predicated on the ability of the indi-
vidual to take the initiative. If anyone can design the pattern for him, that latter design-
er is the comprehensive operator and the student is relapsing into subjective architec-
tural functions. The individual student may, however, be given every aid in gaining
access to the resources of the university within its gates and within its greater extra-
mural scope. A handful of students, who can compare their experiences as an intimate
team, would seem most appropriate to the opening of such a frontier.

CURRICULA

The curricula must of necessity be initiated by the students themselves with the aid
of those chosen to staff the Graduate School of Design and must be developed experi-
mentally in view of the new broad premises. Judgment of competence must be demon-
strated by the students and measured by the initiative of those staffing the school. The
staff must therefore be carefully chosen in relation to the breadth of the task.

There is documentation clearly visible of the increasing awareness of the need for
the comprehensive designer. It is manifested in the multiplying want ads for a new kind
of “Engineer”,—placed by the many corporations,—covering the advanced phases of
the industrial technology. These advertisements began nine months ago to ask for appli-
cants in a category which is nonexistent in the formalized patterns of engineering art.
The advertisements asked at first for “design engineers” and have come to shorten this
description to “Designers” for inclusion in the engineering departments of their respec-
tive industries. What they mean to say is individuals who have competence, experience,
and initiative beyond that of the formal engineering training.

In many recent case histories young graduates from Architectural and Product De-
sign Schools with a meager preparation in the calculus, and structures, and mechanics,
but with a considerable discipline in a wide range of technical strategies, and above all
of encouragement in the development of their own resources and initiative, have been
hired by those industries placing the advertisements for “designers” and have provided
surprise solutions for problems which had frustated the conventional engineering per-
sonnel.

A further symptom of the dawning awareness of the need for the comprehensive
designer is to be witnessed in the annual conferences undertaken in 1951 and ’52 by the
president of the Container Corporation at Aspen, Colorado, which brought leaders in
American industrial management and designers for a week to consider “Design As A
Function of Management.” '
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Another large visible effect of the present absence of comprehensive designing ac-
tivity is that evidenced by lack of any positive and published industrial management in-
itiative taken in foreign policy concerning world integration of resources and facilities
to eliminate conditions of inadequacy which in turn generate political reform solutions
by various types of dictated socialism. A comprehensively designed foreign policy would
remove trade barriers and would depend upon design enterprise to up the present num-
ber of customers of industrialization from 600 million to 214 billion people.

Clearly the student of comprehensive design initiative will be faced with all prob-
lems and be concerned in directions of law, equity, economics, history, anthropology, se-
mantics, government and public relations, in addition to chemistry, physics, mathemat-
ics, and all branches of engineering, and to the going management experience in upping
the performance standards of industrial production and circulation.

I suggest that a first fundamental in advice by staff to Graduate Design students
should be that the students study carefully the case histories of those individuals in his-
tory who have taken the initiative and have thereby won for man the great technical
advantages over his a priori environment. The student should seek within these case his-
tories principles common to all those initiators tasks. The students will gradually dis-
cern that a few principles (postulates) may be generalized from out of all these case his-
tories and that these initiative-permeating principles are also in fact the core of mathe-
matics and that they may be reapplied ever and again to special and general problems
facing the comprehensive designer.

EDUARD F. SEKLER
BELIEFS BEHIND ARCHITECTURE

Eduard F. Sekler is an archi-
tect and city planner from
Vienna, Austria. The follow-
mg 1s a transcript of a talk
he delivered at the School of
Design.

Le Corbusier, explaining his system of proportioning “The Modulor” ! relates how,
in an early stage of his career, he became concerned with the whole problem of propor-
tions: “At twenty-three, our man drew on his sketching board the facade of a house he
was going to build. A perturbing question arose in his mind: What is the rule that
orders, that connects all things? I am faced with a problem that is geometrical in na-
ture; I am in the very midst of a phenomenon which is visual; I am present at the birth
of something with a life of its own. By his claws shall the lion be known. Where is the
claw, where the lion? . . . Great disquiet, much searching, many questions.”

The feeling which Corbusier describes, uncertainty in the face of a predominately
aesthetic choice must be familiar to most architects. It is comparatively easy, if one has
enough time and application, to confirm those facts about a problem of design which are
ascertainable by scientific method, or in other words, to design a building which will
serve its purpose and stand up well. The difficulty begins if in addition the building is
to have visual appeal and expressive qualities, if “delight” is added to ‘“firmness and
commodity.”

It is here where intuition comes in as the architect’s guide and indeed his stature as
an architect will be determined in the last resort by his intuitive sensitivity. But can in-
tuition alone be enough—or rather are there not factors which subtly influence the very
functioning of the intuitive faculties because they colour the whole outlook of a man’s
life: his beliefs, his convictions and his modes of thought? Why have so many architects
tried to formulate for themselves and others the guiding principles and criteria as to
what is fine architecture, creating, so to say, yardsticks by which to check and measure
their own intuition, looking for a principle of order that would be valid not only within
but also without themselves?

These are questions which for too long a time have been neglected and which can-
not be answered exhaustively in a brief essay. But it seems worth while, nevertheless, to
outline at least some of the problems involved and to discuss briefly some of the spirit-
ual principles which were underlying the architecture of the past and were motivating

1 Le Corbusier, The Modulor, translated by P. de Francia & A. Bostock, Cambridge, Mass., 1954
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forces of prime importance in shaping it; there is hope that in doing so we may even
arrive at some conclusions relevant for our own time.

In pre-classical antiquity life was pervaded by a continuous awareness of the num-
inous, by a conviction that everything in the microcosm of man’s terrestrial life had its
parallel in the macrocosm of the universe. Man and his buildings were completely woven
into the pattern of cosmic rhythms. Accordingly, architectural features had a symbolic
signficance and every attempt was made to assure a propitious relation between the build-
ing and the cosmic forces by giving the building an orientation and proportions that
were based on astronomical observations and astrological reasoning.?

In Egypt, the “pyramidal form of the king’s tomb was of the most sacred signifi-
cance” (Breasted) and the plans of sacred buildings were determined according to pre-
cepts contained in a holy book which was supposed to have fallen from heaven.” Meas-
ures seem to have had ritual implications, for in a hieroglyphic description of the temple
at Edfou* certain passages of unclear but obviously ritual meaning are interpo-
lated after each given measure such as “Its length is harmonical, it is 90 cubits, because
he (the God) shines far . .. its width is 80 cubits, because he has united with him-
self . . .” In another passage the columnar court is likened to the Goddess of heaven
and the entrance-pylon to the “two divine sisters, Isis and Nephtis, as they lift upward
the disc of the Sun.” (pl. 1)

At Edfou the Pharaoh himself is represented (pl. 2) setting out the main lines of
the new temple. Assisted by a Goddess he holds cord and stakes whilst he speaks, “My
regard follows the movement of the stars. If my eye has reached the constellation of the
seven stars and the determined time is fulfilled . . . I fix the corner-points of your
temple.” ®

Democritus, in the middle of the 5th Century, mentioned the Egyptian harpedonap-
tai—the cord-stretchers—and a striking parallel to their activity is afforded by that of
the sttradharas in India. They are those who hold the cord—the sttra—when sacred
structures, but also cities, towns and hamlets and other buildings, are laid out according
to ritual diagrams that are full of astrological significance. Since ‘“the temple is built in
the likeness of the universe and is its reduced image” there is not a single element which
is arbitrary in dimension or position or without a meaning for the faithful. “When the
Gods are set up with correct proportions then they can be worskipped.” ¢

2 Phyllis Ackermann, The Symbolic Sources of Some Architectural Elements, Journal of the Society of Awrchitectural His-
torians, XI1I1/1953, No. 4, 3ff.

3 B. Baldwin Smith, Egyptian Architecture, New York 1938,231
it H. Brugsch, Bau und Maasse des Tempels von Edfu, Zeitschrift F. Acgyptische Sprache u. Altertumskunde, 1X, 1871, 138

5 H. Brugsch, op.cit., VIII, 1870, 154
6 Stella Kramrisch, The Hindu Temple, Caleutta 1946, 227
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In classical antiquity, unfortunately, we are faced with the fact that no written evi-
dence has survived about the symbolic meaning of architectural elements or about sys-
tems of proportions that were applied and charged with a spiritual significance. There
can be little doubt, however, that such systems existed and that certain geometrical
principles which guided the design had cultic implications. From very early times cer-
tain ratios of the length to the width of a temple were dedicated to certain deities such
as 3:8 to Hera, 2:5 to Appolo, 5:11 to Zeus, and in the fifth Century B.C. the whole design
of the Doric temple became governed by the strict application of a coherent system of
proportions.”

It would seem a very odd coincidence that this should have happened in architec-
ture just at the same time when the Pythagorean school of philosophy evolved its mysti-
cal theory of numbers as the elements of all things. From Pythagoras’ discovery that
musical consonances can be expressed by simple numerical relations (1:2 an octave,
2:3 a fifth, 3:4 a fourth), and that thus a palpable connection between phenomena in
the visual and the audible world could be established, it was only a step to the belief
that the law of the secret harmony of the universe had been fourd, a harmony pervad-
ing everything including man, and revealed in certain sequences of numbers. Plato in
his Timeus has left us the most complete and beautiful exposition of this creed. It is
significant that he ranks those arts highest which are based on measurement and or-
der, and maintains that there is no beauty without measure.

Such conceptions were of the highest importance for architecture. Henceforth they
were never quite lost sight of and although they were not always grasped with all their

“Max Theuer, Der griechisch-dorische Peripteraltempel, Vienna 1918
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implications, a high esteem of geometry remained prevailing; geometry not only as a
scientific tool in design but as a formal expression of its metaphysical background.

We do not know to what extent the strict orientation of the two axial main streets
of Roman camps and towns was conditioned by a ritual procedure for when Vitruvius
wrote the only treatise on the architecture of classical antiquity which has survived he
refrained from expounding the deeper meaning of some of the things which he men-
tioned, quoting Greek authorities all of which, unfortunately, are lost. Yet he often
speaks of symmetry, eurhythmy and proportion as guiding principles, using the original
sense of the word symmetry as regularity and commensurability of form. Thus in the
third book he explains that the designing of temples “depends on symmetry and pro-
portion . . . . worked out after the members of a finely shaped human body.” Here for
the first time to our knowledge the proportions of the human body are likened to those
of a building.

In the book of Vitruvius the classical tradition concerning proportions and har-
mony was preserved for the Middle Ages and the Renaissance. Moreover Plato’s Ti-
maus itself was one of the classical writings which had, together with those of Aristotle,
a direct impact on patristic thinking and thus nourished the spiritual roots of medi-
@val architecture. Although there is no doubt whatsoever about the presence of a spirit-
ual background in medieval architecture, we encounter considerable difficulties as soon
as we try to establish the exact relationship between thought and its three-dimensional
manifestation in individual cases. Among a variety of possible approaches the follow-
ing three seem to be the most promising.

One of them is a general comparison of medizeval philosophy and architecture in
order to show genuine parallelisms and contacts in their evolution and coexistance: a
comparison between a great structure of the mind such as a Summa Theologize with a
great structure materialized in three dimensions, such as a cathedral. In this context
Professor Panovsky points out how the mental habits induced by scholasticism affected
the formation of Gothic architecture.® How, for example, the unprecedented manner
in which structural elements are shown (pl. 3) and in which ‘“the interior space pro-
jects itself, as it were, through the encompassing structure” finds its parallel in scho-
lastic writing, where the aim is elucidation and clarification in matters of content and
formal presentation. In a similar manner parallels are drawn between architecture and
scholasticism regarding the “arrangement according to a system of homologous parts
and parts of parts,” “distinctness and deductive cogency” and ‘“the acceptance and ulti-
mate reconciliation of contradictory possibilities”.

8 Erwin Panofsky, Gothic Architecture and Scholasticism, Latrobe, Pa., 1951
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But whilst all this is based on later analysis and interpretation, lucid and convine-
ing as it may be, there is a considerable amount of medizeval source-material available
if the attention is focused on the symbolic and iconological meaning of mediseval archi-
tecture.?

Many statements in the writings of medizval clerics such as Abbot Suger of St.
Denis, Honorius, Durandus and Sicardus make it clear that to them the whole fabric of
a church was full of symbolic significance as the terrestrial representation of the heav-
enly city. While the symbolism of the cross-shaped plan is self-evident, the circle in the
plan of a centrally planned church was to remind the faithful “That the church is to ex-
pand into the whole world and that from the terrestrial circle we are to strive for the
heavenly crown.” An elaborate number symbolism prevailed and most architectural fea-
tures had more than a purely formal or structural meaning, from the stones of the
fabric which represented the individual members of the church held together by the
mortar of heavenly love to the covering vault and dome which recalled the very dome of
heaven itself, the celestial sphere.t?

Finally a third approach consists in the interpretation of evidence that has surviv-
ed about the medizval use of geometry in building and about its hieratic meaning. It has
long been recognized how important a part geometry played before and especially dur-
ing the Gothic period (pl. 4)1!, when the square and the equilateral triangle are men-
tioned as guiding figures in such medizeval sources as the documents relating to the con-
struction of Milano Cathedral in the 14th Century'? and in the little book by the master

9 Guenther Bandmann, Mittelalerliche Architeltur als Bedeutungstraeger, Berlin 1951
10 K. Lehmann, The Dome of Heaven, Art Bulletin, XXVII, 1945
E. Baldwin Smith, The Dome etc., Princeton 1950
11 Matila Ghyka, The Geometry of Art and Life, New York 1946
12 J. Ackerman, Ars sine scientia nihil est ete., Art Bulletin, XXXI, 1949, 84

23




24

mason, Mattheus Roriczer, “Von der Fialen Gerechtigkeit (Regensburg, 1484)'. Ge-
ometry here was more than a practical tool or an asthetic principle. It was a revelation
of the Divine Order of Creation™. “Omnia in mensura et.-numero et pondere disposuisti”
(Thou hast ordered all things in measure and number and weight) this passage from
the Book of Wisdom (II, 21) was paraphrased by many medieval minds in a manner
extremely relevant in our connection. Harking back to St. Augustine’s “All Beauty rests
on number,” Isidore of Seville writes in the 7th Century “Take the number out of all
things and all things perish,” and an anonymous German poet finally states with beauti-
ful simplicity: “Gott hat allen Dingen geben Masz nach dem sie sollen leben” (God has
given measure to all things according to which they are to live). Under this aspect we
understand why rigid schemes of proportion so often governed Cistercian church archi-
tecture, as at Fontenay, and why the symbolism of mediseval masons’ lodges—“Bauhuet-
ten”—seems to have been based on geometry entirely in the same manner as their ma-
sons’ marks were based on simple geometrical key figures (pl. 5)17.

The same method which governed the setting out of one group of masons’ marks,
of tracery and, as Roriczer’s book explained, the design of finials—the “quadratura” or
squaring—was equally applied to other elements of architecture. This has been estab-
lished recently for a number of medisval plans and buildings, among them the Minster
at Freiburg in Germany'®. A comparison of the preserved drawing for its tower and

1 P. Frankl, The Secret of the Mediaeval Masons, Art Bulletin, XXVII, 1945, 51

ik O G. von Simson, Wirkungen des christlichen Platonismus auf die Entstehung der Gotik, in Humanismus, Mystilk w. Junst
d. Mittelalters, J. Koch edit., Leiden-Koeln

1> R. Rziha, Studien ueber Steinmetzzeichen, Mittlgn. d.K.K. Central, 1953, 159 Commission ete., Vienna 1881, vol, VII, 26fT.
16 Maria Velte, Die Anwendung der Quadratur etc., (Dissertation), Basel 1951
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steeple (pl. 6) with the executed structure (pl. 7) shows convincingiy that the won-
derful richness of Gothic architecture is not the result of arbitrary design based on
@sthetic considerations alone, but of an inner order based on geometry which was full
of transcendental significance. Thus a beauty originated which might truly be defined by
a phrase ascribed to St. Augustine as “splendor ordinis”—the splendor of order.

At the advent of the Renaissance, geometry, charged with a de<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>