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Kepes. "The Language of Vision."

"Spatial experience 1is inbimabely connected with
experience of light. Without light there is no Vision,
and without vislon there can be no visible space,

- Space in a visual sense is light-space., Ordinarily
this light-space is not apparent to the eye.

We perceive Spatial relationships, only when light

is intercepted by some medium, What we actually see

as spatial world is the way in which light is dissected
and redirected, that is modulated by these mediums.

The sensory modes of fegiététing the modulated light;
the various sensations of colour, then become the means
for the spatial ordering of objects and events."
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ARCHITECTURAL ILLUMINATION
Some Aspects of Flexibility.

PART 1.

Introduction.
~ Man, Light and Architecture

Chapter 1.1
Outline of Concept.

"That Illumination is considered to be a means
by which Formal Relationships!. mey be achieved."

Speaking of the architect, Ruskin sald that "his paper lines
and proportions are of no value, all that he has to do must
be done by spaces of light and darkness." He was thinking

primarily of "form" as it is affected by natural Illumination,

1. Formal Relationships are considered to be Visual Formal
Relationships in this context. See Chapter 1,3.



Chapter 1.1

The wisdom of his remark is however of wider application,

and the lessons to be learnt, are no less ne@essary today;

for with the development of electric power, the potentialities
of artificial illumination have increased to the degree when
it 1s possible to control the formal environment, both by

day of by night, to a degree scarcely dreamt of as little as
fifty years agb.

It is not unnatursl with such a raéid growth, that anomalies
should present themselves, in the application of this new
’b001 of Man; for whilst some aspects of.Illumination, such
as Iﬁtensity tend to be'exPloited to their utmost, other
aspécis such as the infinite richness, and variety of exper-
lience which may .be derived from variations of illumination
are 80 ofbén neglected. ¥here use has been made of light
as a variable of experience, the result has been more a
factor of disintegration, than a totality of architectural

impression.

There has been no lack of ﬁhought on the subject by men

of distihguished mindgs, and though it may be thoughhinv;dious
to choose any one individual from the meny who have devoted
their lives to this problem, one may perhaps be forgiven for
selecting ﬁatthew Luckiesh, gsince he has written more

about Illumination than anyoné else.’ |

Writing in 1930 he said 1. ,
"A11l arts that we enjoy

Lucklesh. Matthew. Lighting and Architecture July 1930

’ 8



Chapter 1,1

"All arts that we anjoy /

visually are dependent on light.

A sculpture is modelled by the lighting

A painting is coloured by the light that falls upon it 1.

The sculptor uses his tools to produce a contour which the
lighting models., He cannot fix the expression, for it

varies as the lighting varies.

The painter a;plies the media of his art, but the colour

is in the light which falls upon his product.!. Like the
sculptor he can only fix the outlines, for the values and the
colours change with the lighting.

The decorator applies his colour scheme, but he cannot fix it
The mood or expression of the interior depends upon the
quantity and the quality of the light, which reaches the
various surfaces, :

The colours and the values change with the lighting.

The architect who harmonises and blends various arts

cannot avoid the influences of light and of lighting."

Luckliesh continues

"Jothe most potents characteristic of light is its mobility
no otner medium of expression utilised by the architect or
the decorator possesses such a characteristic in any
appreciable degree..." :
foretelling the work of Wilfrid2. he says

"Painting with light will some day be a wonderful field
for the lighting artist."” .

It was in 19307+ that he wrote

"Oour interest in light is changing from merely admiration of

and interest in light sources and light fixtures to that

of artists interested in the material light, as a medium

of expression.”

However Luckiesh was being overoptimistic of his fellow men

as I think that a glance through any catalogue of lighting

1. “@hé space structure of a painting alters with changes

of illumination.” Kepes. "Language of Vision"

2, ¥Wilfrid. Thomas Composing in the art of Lumia 1948,
He deseribes his work, as variations
of flux pattern, in space and time,

3: Luckiesh Matthew Lighting and Architecture July 1930
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catalogue of lighting/

fixtures will serve to illustrate in 1953,

¥hat then is the position of light in zrchitecture, and their
relation to man today? A greéb deal of work haé been
done on individual programs in order to achieve a unified
scheme of illuminatibn which will be a satisfactory solution
in terms of man's environment, and in.some cases solutions

of this nature have beén conceived with the structure, and
mans other needs, so that to some extent a total solution

has been forthcéming. Examples would include Schools, hosp-

itals and operating theatres, office buildingsvand others.

However I think that 1t would be generally agreed that in
the vast bulk of the arcnitect's work, the question of
illumination is not considered until the demands of planning
structure, acoustics and servicing have been met, so that

at best the illumination is a clever articulation of an

alheady exdsting structurs.

A particular case is the contemporary "home’, in this regard
oneof the most illconsidered building programs, It is in

the home in which ﬂaﬁ spends a conslderable part of his waking
hours each week that the weaknesses of the preseht application

of concepts of illumination, can most clearly be seen.

The building is "finished" from the point of view of the
architect, with only the most cursory regard having been
paid to the provision of artificial illumination....generally

in the form of 2 few electric light points provided at so called

4



Chapter 1,1

so called/

s trategic places. In the majority of homes, this 1is as:fdr

as the design of the formal relationships within the building
goes, the architect's job is finished. In some cases the
services of the interior decorator are'called for, it being

his job to finishcoff the work, by planning within the egixzt-
ing framework a "scheme of decoration" incorporating the colour
schemes of the walls, fufniture, and the manner of the illum-

ination.

So much then for the predictions of Luckiesh, today in 1953
the illumination of the vast majority of building work is an
afterthought, and an afterthought so often executed with the

maximum of gadgets, and the minimum of taste.

In 1947 the Illumination Society of America was reminded
by Kromhout1°

"ljany architects do not realise as yet, that only bhrough
light do we éee the objects around us, in their correct
proportion and placemenb, they should be reminded that it

is not the object we recognise, but its image."

He continues

"thus architecture and a lighting system, should evolve
simultaneously in orcer to create rhythm and contrasgst of
light and dgrk. In other words the lighting system should
be:Vvisualised with the architecture before a working
drawing has been made; it should display the space and its
subdivisions in the manner in which it was seen by the
architect.® ' '

1.« Kromhout J.C Light and Form. 1947. Illum Eng. N.Y



Chapbef 1.1

That this has not been inculcated into the general philosophy
of Illuﬁinating Engineering, can be seen from the following
remark, published by the Illuminating Engineering Society

of New York in a Report on Home decorétion,1' in which lighting
18 described as |

"....2 major element to enhance the carefully

_ considered work of architect and interior designer."”
the lmplication beling that the work of the illuminating
engineer is to enhance, which the foord English bicbionary
defines as "heighten,inbensify,réise (in value) exaggerate"
the work of the architect, thus emphasising the schism be-l

tween the two.

For 1t 1s the architect who should in the original Conception
of bhe{buil@ing, know the relabionships of light and shade
which he wishes to achieve, and who should so use "his spaces
of light and darkness" for the creation of a satisfying

human environment.

Knowing what he wants the architect should then be on
édfficienﬁly equal terms with the illuminating engiﬁeer, should
‘ his program be sufficignt‘to warrent one, in order to see

- that not only he gets what he wants, but that the actual
sources of artifiéial illumination, the luminakres, are so
inpegraped into phe~strucbure as to be a significant part of
the "total" concept of the building; not'an additive feature
.

I:E,S. Home Decoration-Lighting ITlum. Eng. 1950 Sept.
. Illustrated by "horizon House" Nela Park. G.E.C



Chapter 1.1

additive feature/
used for heightening, or exaggerating the effect, ab its

best; or a series or unrelated gadgebs at its worst.

In postulating that the érchitect»is in a position to "know
ﬁhap he wants", I am assuming that he comprehends the relat- .
iohship between light and architecture, as they affect Man,

for if accordingito my original concept

"Illumination is considered to be a means
by which Formal relationships may be achieved."

then it is the architect, vhen designing the building, who
must think in terms of "light", if the resulting formal

relationships are to have meaning to Man.

There 1is nothidanew in this concept of illumination, as
anyone‘who hasrstudied the architecture of the great historical
periods will have observed, and my resson for emphasising

what must seem to many people to be axiomatic, 1s that

I consider a restatement of basic principles is necessary.

éeqause_gf the nature of light, and its relationship to

form, architects §f all ages have used it to a greater or
lesger“extent §o give meaning and value to theilr buildings.
This 1s expressed most emphatically by the architecture of

the baroque period, in ﬁhich the interior and the exterior
were constructed in éuch a way &es to_allow them to be modelled
by light to a degree never experienced before or since.

Here this interaction of light on matter was eXxploited to

its uttermost in bulldings such as the Vierzehnheiligen, and



The Vierzehnheiligen
Balthasar Newmann.
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Chapter 1.1

and/

the dathedral of Toledo. In the latter, the light filters

down from an unseen souroe.of i1lumination, on to the |
gilded woodén reredos, causing a mov1ng pattern of light
and shade on the heavily moulqea .carvings; creating an

almost 11v1ng form, by the variations of light.

Such sculptured forms may have less meaning for the contemp-
orary architect, what has to be'remembered is not so much
 the conveyance of meaning to a 16th century audience, but
rather the means which are at the disposal of the architect
for the addition of richness and variety‘in a world ﬁheré
present economy leads to greater and greater standardisabion,

and more often than not to a poverty of expression.

In this connection Prof. Anderson1speaks of the

"lMeaning of the ornamental surface as simply.the

base over which the cascade of lights flows

as water in a fountain,”
g0 that the physical form is only one of the means. of attain-
ing the impre381on on han, L
The different quality of natural light in different countries,
has always-played its part in the form2that such bulldings
will take, today no less tﬁan in bhe past; however it is

in the application of the great new tool of artificial

1. Thesis Instructor.

2. Physical form,



Chapter 1;1
artificial/
illumination, that the restatement of basic principles seems

to me to be most urgent.

The concept of 1llumination, as I have outlined it contains
en face two ma jor components.

1. I1lumination, a§ a means.k
2. Formal relabionships.’~ as an end.

however bherelis the third and most important component,
~implicits in all concepts concerned with the human environ-

ment, Man himself.

I intend in the following three Chapters of. Part 1 to consider

ihese aspécbs of the concept in turn.

1. Formel Relationships. It will be shown in the succeed-
chapters, that the formal relationships with which the arch-
itect is concerned, are not in fact an end in themsélves, but
rather a means without which the end, that of a satisfactory
human environment, cannot be reached.






"vhen I consider how my light is spent

Ere half my days, in this dark world and wide,
And that one talent which is death to hide
Lodged wlth me useless, though my soul more bent
To serve therewith my maker, and present

My true account, lest he returning chide =
Doth God exact day ‘labour light denied? "

Milton

PART 1.
Introduction :
Man, Light and Architecture

Chapt.er 1.2

Illumination.

Illumination is defined by Kraehenbuehl1'as:
| The density of luminous flux on & surface;
it is the quotient of the flux by the area of the
surface when thé latter is uniformly illuminateéd.
This is however the definition of the Illuminating Engineer,
and I prefer that of the oxford English Dictionary, which

Speaks of illumination as being the "lighting up"” or the

" 1. Kraehenbuehl. J Electric Illumination. Wiley N.Y 1951

10



Chapter 1.2

or the/

Ethrowing of 1light on" or "shedding lustre on". Light itself
being defined as the natural agent that stimulates sight and
makes things’visible, .eo@Ny soufce of it, such as the sun,

or a burning candle or a lighthouse.

Illumination according to this definition is the natural or
artificial "lighting up" of the physical world, which renders

it visible.

Invdealing broadly with the subjeéb of Man, Light and Archit-
ecture, my thes&s must take both natural and artificial sources
of this "lighting up" into account, for if

"I1lumination 1is considered to be a means
by which Formal Relationships may be achieved."

then these formal relationships must be the direct result
of the- the physiéal world acted on by "natural" or "artificial"
'light, or combinations of the two, as they are exXperienced

by Nen, 1*

Naturél Illumination »
Tradibional architecbure of 2ll countries, shows that Man,
in suiting his environment to his needs, has taken this
- factor of illumination into account. The most striking
~ examples of .this occuring when considerable differences

1. It is necessary to add "as experiencéd by Man" since
man.experiences this interaction in a specific way. Qhapter 1.4

31
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considerable differences/ |

between the ‘quality of illumination in differend countries,
have resulted in differences of physical forms being applied,
relying for their validity on the naturevof the local light
source, and the adaptation of Man.

K:omhoub“has pointed out the marked difference between the
low relief carvings of Assyria, Egypt and Greece, with their
high sun angle casting heavy shadows on the smallest projech-
ions, causing the slightest texture to appéar heavily

moulded; and the Gothic carving of Europe, where considerably
»greater depth of carving is necessary to obtain a commenéurate

depth of shadow from the more diffuse light.

Similarly the spectral composition of the natural light,
differing as it does with climate, orientation, and time of
day, has been used by an on an empirical basis, in his choice
of colour for external and internal use in his builcings,

for contrasts of colour, light and shade.

on a sunny day 80 per cent of the light comes from the

sun, the remaining 20 per cent coming from the sky, meaning
in terms of spectral distribution, that the greater part of
the light in an open field would have the spectral energy
curvo\of sunlight, the remainder of the inclident light having

the spectral composition of skylight. See Fig 1.2.1

On a dull day, with an overcast sky, the resultant incident

1o

1. Kromhout J.C Light and Form. Illum Eng. May 47

o
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Chapter 1,2

incident/ '
light on the open field would be the resultant of an entirely
differeﬁt combination of the two spectral energy curves, a
more uniform spectra due to the diffusing of thevlight.

| see Fig.1.2.2

It will be seen from these graphs that the physical colour,!-
(6r the nature of the light rays as feflecbed off any given
object)’will be a function of the absorbtion and reflecting
characteristics of thabAsurface, either natural or pigmented,
and the characterigtic spectral energy curve of the incident
light.
The spectral energy curve of the incident light on a horiz-
ontal plane in an open field, is dependent then on the
atmospheric condidéions prevailing at the time. An exXxample
being the magnificent sunsets in certain parts of the world
caused by dust particak or moisture of the atmosphere,lwhich
absorbs light in the short waves of the spectrum, allowing
- a gréaber proporbion of the long wa#es bo penetrate, thus
giving ﬁhe red sunsets, that are considered so beautiful
ané act as some compensation for living in such industrial
towns as Liverpool in ﬁngland, caused by smoke; or the desert

sunsets of North Africa. caused by dust particles, and moisture.

1.- Physical Colour, is used here as opposed to the phenomenal
colour, since that is dependent also on the physlological
characteristics of Man., The Experienced colour then is the
resultant of the light source, the surface, and lan.

13



Chapter 1.2

However the natural illumination with which the architect is
most ofteﬁ”concerned is not that which is received on a hor-
izontal plane in an open field, but that which is: received:.
by’the Ye;tical surfaces of his building from a specific
Qrienbation. In such circumstances it is not the total
combination of the spectral energy curves of the sun and sky
that is received,«but'lightifppmfeither the éky alone or s

specific combination of the sun and sky.

A practical example of this was mentioned by Prof. Rasmussen]'

He showed that if a surface receives light only from a window
on the north side 6f 2 building, the spectral compostion of
the light will be that of the sky, with some proportion of
reflected light from the surrounding environment. In a
country district this will mean that the light will be com-
posed of greatgr:ré&ative energy in ﬁhe shorter wavelengths,
invfact it will be more blue. So that if the architect
wants to paint a gurface of a room, ﬁith this orientation
then the surface will reflect light at & higher reslative
saturation if he paints it blue. Conversely a wall re-
ceiving»direct sunlight, with 1ts greater percentage of
light in the longer wavelengths will reflect the warmer
colours such as reds and yellows better.

It may not always be the wish of the architect to intensify

o

Rasmussen,Steen Eiler Lectures at M.I.T. October 1953
"Daylighting"

14



Chapter 1,2

to iﬁtensify/ \

the "blueness" of the northern sky, or the "yellowness" of
the southern exposure, and in fact there may be cases of
the reverse being necessary, to modify or ameliorate the

conditions of "warmth" or "Coolness" given by such exposures.

It is necessary in either case however for the architect

to have the‘knowledge of the average spectral distribution

of daylight in the area within which he is working, for
different times of year, for different orientations, and

at different tlmes cf day, if he 1s to be in the position

bo utilise to the‘fullkbhe potentialities of the light source
in terms of the surfaces of his building, in a dynamic

relationship.

?his information is no less necessary thah for the architect
Eo have a working knowledge ofvthe angle of the sun fof
diffefent times of day throughout the year, in order that he
may design his openings and modelling to fit the needs of
man;'a>wprking knowledge which has been considerably better
inculeated into general architecturai practice, leaving it

_less necessary for stress in this thesis.

;‘grﬁifiéial I1lumination
&an"Aeveloped under conditions of daylight during the day,
and'bhe light from the moon and stars, supplimented by
firelightvat night. His sense organs adapted themselves

to the differences between night and day in such a way as

15



Chapter 1.2

in such a way as/

éllow;éonsiderabie latitude in the amount of illumination

and the colour of that illumination nceded for the performance
of acts necessary to his exiébence throughout the twenty

Afour hours. However the nature of both daylight and firelight
lg>one of variaﬁiliby, and mobiliby, the flickering of the
flame, and the variation of the sky due to the earth's passage
round the sunjcand::thé-}ocal variations of cloud and atmospheric

effects.

The introduction of gaslight allowed higher Intensities of

light to be had from an artificial source, without much

altering the pattern of mobility, as before obbéined by the

use qf candle and firelight. This then up until 1879 when

Edison developed hisﬁ%ilgmenb“was the nature of the light
vsource.togwhich Eans structure wasg adapted when the use of
daylight‘wasAdenied to him. |

However with the introduction of the incandescent lamp, and

its subseqqent'development over the past three quarters of

a century, and with the introduction of new light sources,

there is a considerable difference in the nature of this
artificial light from that light to which man had originally
adapted himself up btorthis time. There is conslderable
difference., between the spectral composition between the

various sources,‘and with all of them to daylight, whilst

the nature of the light is a steady!®rather than a mobile

one.

1. This is a generalisation. Not taking into account stroboscopic
effect of fluorescent light.‘ ~§ : Lo

— L &




Chapter 1,2

Tungs ten lighp wvas the first'popular form to be developed

in the incandescent lamp, this has a continuous specﬁra,
similer in character to that of daylight, but differing in

the amount of.relative energy according to wavelength. Its
greatest output being in the infra red, with a gradual lowering

of efficiency fowards the ultra violet. See Fig.1.2.3

Comparing thils curve with that of daylight will show that -

- whereas skylight will cause a surface to reflect its shorter
'wavelengths’most strongly; incandescent light will cause
Ehe.warmer colours to be reflected to a great degree.

This 1is a matter of common observation on a dull day, when
the incandescent light from within a building seen from
outside,appears to be a warm yellow light, when compared

to that.of the sky.

I do not intend to deal at great length with the spectral
nharacteristics of artificial sources, as this is reserved

for any necessary expansion in Part 3.

ﬁriefly, with the growth of new light sources, such as the
elect:ic discharge lamp, and later with fluorescent fittings,
further factors have to be taken into account; for their
Specbraltcomposition'varies not only in the relative intensities
of the diffenent wavelengths, but is of a different charadt—_

istic spectra, that of the line spectra.

In such cases radiation is produced at certain discreet

Qavelengbhs, a good example of this being the sodium discharge
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Chapter 1,2

sodium electric discharge/ | . N
lamp, of which the only radiant energy in the visibié spectrum,
is in the éédium b-lines of 0.5890_and 0.5896‘/§1' giving

what is called homogenous radiation (acting at one wavelength).
As objeqts can have no colour which is not a part of the
sourcelof illumination; all combinations of colours illum-
inated by such a source are distorted into a world of various

shades of yellow. This is a matter of common observation

when walking in a street at night 1lit by sodium lighting.

Fluorescent lighting has a combined spectrum, consisting
of the line spetrum of the mercury vapour within the tube,
fand the continuous spectrum of the phosphor coating on the
inner side of the tude, which radiates bhfough the inter-
acbioﬁ of the phosphor and the strong Mercury line at
O.ZSB?ﬁx.in the ultra violet band. ~This combination
may cause certain difficulties, és what may appear to be

a satlsfactory coloured fluorescent source, may,due to the
1imitabipng of its spectral composition, be deficient in;
certain waveleq@hs, causing incorrect colour matching when
compared with daylight. = This has been found a most nec-
essafy consideration‘when>a high degree of colour matching
~1s necessary, -such as in Government fruit and cotton Inspection
plants, and in élobhing stores;

Fig 1.2.4 shows a typical Mercury Vapour "line Spectrum"

1. Moon and Spencer. Lighting Design Addison-Wesley 1048
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Chapter 1.2

"line spectrum"/ |

.to.which'the continuous spectrum of the phosphor to be used,
suéh asjmagnesium tungstate'WOuld have to be added. It can
be seen from the line spectrum, that there is no radiabiqn
from wavelengths other than those gshown, except for the
phosphor radiation, and this leads to the changes of object

colour that I have mentioned.

' 1
In some research by Commery and Leighton' 1t was shown that
different phosphors will give different colours from the
same object colour. An example of this is the effect on

such a colour as Windsor and Newton "Orange" chrome.

L?mp. : Phenomenal colour.
Daylighbc 4370 K. Orange.

De Luxe Cool VWhite. Red Orange..
Standard cool white.~ Yellow brown pale.
De Luxe Warm. Orange Red clear.
Standard Warm. Yellow brown medium,

The effect of incandescent was also inwestlgated, and the effect

found to be close to that of the De Luxe warm white.

~From the brief foregoing analysis of the part that light
éources of varying spectral chposition play,'ib may be
concluded that the cholce of a light source, and more part-
icularly the choice of object colour in relation to this
chosen light source,>p1ays e major part in the artificial

environment with which the architect is chiefly concerned.

1. Commery and Leighton. Fluorescent Lighting in the Home
I1lum. Eng. Dec. 1950
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It is as necessary for the architect to have a working
kndwledge‘of the characbéristics of artificial light sources,
as we found it was for him to have a siuzilar working know-
ledge of natural light sources, the sun and the sky; more
‘parbicularly when 1t 1s realised that not only does he have
to use each in its own terms, but that in most cases he

must plan for combinations of the two at certain periods or

even throughéub the day.

In addition to the information on the diffusion and direction,
the intensities, and the spectral composition of light sources
as they relate to the physical world, it is neéessary also
for the architect to concern himself with the efficiency

- of aﬁ;ificial sources, in relation to initial and upkeep
costs. The amount of light in terms of radiant energy, that
mey be expected from a given amount of input in terms of
vattage may be an important consideration in large install-
ations, where the choice of the most efficient form of -
;lluminabion may be a design consideration outweighing others
Qf a less prégtical nature. Such consideratioﬁs should be
carefully considered,but where possible should not be
so_qveremppasised as to overrule solutions in terms of

human need.

Luminaires.
An Illuminating Engineering definition of the word luminaire

is és follows:

20
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/

is asg fqllows1':

"A complete lighting unit, including lamp,

socket and equipment, for diffusing or

redirecting the light."
This makes the disbéinction between the luminaire as a specific
element, containing the source of light; and the luminakrre |
as any surface of the physical world whichtibself reflects
that light onto something else, such as & mirror might be
made to do.
This seems a useful analysis of the problem by which I
propose to abide with the following reservation:
The definition makes the distinction between artificial ;
and natural illumination, since it is an illuminating engineer-
ing definition, but for my purpose I shall consider openings
in buildings as "natural luminaires" ﬁo the extent that
thegy also "Diffuse, transmit, and redirect” the natural light
into a building.

I1luminating Enginser |
The'position of the Illuminating Engineer, as I see it, 1is
to advise the architect, as to the"means by which he may
achieve" the environment ﬁhich he desires to create.
In this sense his position is not dissimilar to that of the
étructural Engineer cQoperabing on a building program,
The architect confronted with an architectural program,
tries to solve the problem in terms of Man, by the creation
of a satisfying human enviroﬁment, it being the Jjob of the

1. lMoon and Spencer. Lighting Design. Addison-%esley. 1948
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Job of the/ | ) _
structural Engineer tQ advise him as to which structural
system will most economically do the job required of it,
the architect being responsible for so thinking in terms
of structure frbm the outset of the pgégrgp; together with
all other basic design considerations, as not to call upon

the structural enfineer to perform the impossible.

This may also be said to be the position of the Illuminating
Engineer, for the architect must so think in perms of thek |
possibilities of Illumination, as to call upon the Illumin-
ating Engineer to perform a "possible" task; so that working
within the "flexible" medium of Light the combined efforts

of the Engineer and the architect will result in the creation
of a satisfying humen environment. For as with the necessary
stanchions and beams of the structaral engineer, of which

the architect must be aware in his original conception of

the building, so with the type of luminaire that may be
necessary to achleve a given result of light and shade,
colour and contrast. The architect mus t be "aware" of the

means since Lley .toc are a part of .the environment,

This is unhappily rarely the case; for as with the Structural
Engineer, he is often called upon to produce a structure,
into which all sorts of supposedly human environments are
aqaptéd and squeéséd,'of which there is such tangible
evidence around us; so in the case of the Illuminating
Engineer, he 1s asked to "11lluminate" a building which is

already built or at all events designed without any consider-

o
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Chapter 1,2

without any consideratiop/ '
having been paid to mans need for light at times when natural

illumination is absent or inadequate.

B Integrabed solution o '

It is the duty of the architect to know what he wants, and
fqr the Illuminating Engineer to see that he gets it; for
the archi;ect must so "order" his design, by a clear under-
standingmof "his spaces of light“and darkness", and a compre-
hension of the needs of illumination in terms of luminaires,
that it is possible for the result to be one in which the
"means" are so integrated into the original design of bhe
building, that_bhe Illuminabing Engineer is contributing

in a positive way to the"whole" of the Building, its rhythm
harmony and unity, instead of adding "devices" to aistructure
~conceived without them. A

Only in‘bhis way will the final solution, in terms of

a humaﬁ environment be an inbegral and meaningful one,

rather than an additive and palliative device.

Where_this has been carried out, even bhoughwthe origina1
conception of the "form" of the building may have been

limibed, the results have contributed to some considerable
extent to the success ofvbhe building, and many examples

would serve to show this. However in the majority of "homes !
.bhersﬁbjeéb“for which a specific solution will be sdught

;n a laterVSarL of this thesis, I have already mentioned_that
the only consideration given to the needs of illumination is

in the provision of "light points" for the placing of fixtures,
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So little thought has been given to an overall concept of
1llumination that such a course has been directly responsible
for’the‘growth of "light fitting gadgeteering" of which we
have ali too ample evidence in our homes today; from the
luminaire in the shape of a Spanish Galleon at one end of

the scale of absurdity,>and the goose-necked "hat-rack" at

the other.

vFor the provision of high levels of direct illumination at
épecifid pointsjin a room, such moblle fixtures may have
occasional validity, but this seems insufficient reason for
paying so little regard to the problems of l?ghping;L e
that in the majority of homes the mobile'light fitting is
practicelly the eole form of illumination.
"light must become a‘legitimate architechtonic element,
unified with the structural elements of walls doors
and even floors." 1.

and it is only when

"Illumination is considered to be & means by which
Formal Relationships may be achieved."”

that an integral solutlon to the problems offered by illumin-

- ~.-,~

abion, as they pertaln to Man, 1s likely to be found.

1. Kepes. G Article on Lighting for Sylvania. Unpublished.
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"Everywhere the"whole'} even the least and mobt irnsignificant
apparently, is the real wonder, the mirdcle which holds the
secrets for which we are groping in thought and conduct.

There is the within which is the beyond. To be & whole

and to live in the whole becomes the supreme principle,

from which all the highest ethical and spiritual rules follow.
And it links these rules with the nature of things, for

not only do goodness, love and justice, derive from it,

but also beauty and truth, which are rootéd in the whole

and have no meaning apart from it," 7o Tl D0y

\ &
L R

Jan Smutgle

PART 1.

Introduction
Man, Light and Architecture

Qhapter 1.3
Formal Relationships.

That is meant by a "formal relationship;j of what are they
composed, and to what extent may they be considered to

have value? These questions must be answered for an un-

derstanding of my original consept.

The’Oxford‘English Dictionary gives the following definitions

Form: Shapé, arrengement of parts, visible aspect.
‘Mode in which thing exists or manifests itself.

Formal:; Of the outward form or external qualities.
Concerned with form, rather than matter,

1. Smuts.Jan C Encyclopedia Britannica. Entry under "Holism"
’ Gk.Holos whole,
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Relation(ship): (degree of) What one person or thing has to
do with another, ¥ay in which one stands
or is related to another.
Kind of connexion or correspondenge that
prevails between persons "or" things.
According to the above d&éfinition of "form! as the "mode in
which thing exists or manifests itself", it would be correct
to think of Form as having several natures, connected with
the senses that receive them.
Visual form
Tactual form
Audible form
Olfactory form
Taste form
since this 1s the mode in which various things have existence
to man, or manifest themselves. The architect 1s however
primarily concerned with the first three, and to the greatest
extent with the first. So that in this thesis I shall be
thinking'of vistal form.in the main, and visual formal
relationships, or the éegree to which there is cdnnexion or

correspondence between visual forms,in particular,

In dealing for the sake of simplicity with viéual formal
relaﬁionships, I do not wish to imply that I am trying to
establish a purély mechanical "relationship", since for all
theories dealing with Man sensory data cannbt be thought of
as working in isolation, since any stimulil has its respanse
from the total organism, rather then from only a local

‘ mechanical correlation. éonversely any response is the result
of the total stimuli patbernfaébing on. the individual,

in addition to the "state" of ﬁhe individual at the time.
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-

In order to avoid future misunderstanding of my use of

the following expressions, I am defining them

Man.
Light.

Mat ter.

Physical form.

The human animal

The natural agent that stimulates sight,
and makes things visible.

Sources may be natural or artificial

Physical éubstance.

The "whole" of which the substance is matter.

The mode in which a thing exists,
This may be considered a constant, its
variables being that of light and matter.

Physical environment.

The environment within which men exiagts, and

"which is composed of physical forms in
relationships to eachother.

Phenomenal environment.

Formal Relationships.

Visible ideas.

The environment which man experiences
through his senses. The visual phenomenal
environment being mediated by his sense

of sight. '

These may be of different natures, visual,
tactual audible etc. and may be considered
as the relationships of forms, or the
mode in which théngs manifest themselves,
A visual formal relationship manifests
itself through the sense of sight.

The notion that is conceilved by the mind,
as opposed to the phenomenal environment
of the senses. The Visible idea, results
from the information of the phenomenal
environment (sensory formal relationships)
together with mans inherited and learmed
knowleage.

It is the visible idea upon ‘which man acts,

The information upon which man acts is derived therefore

from the formal relationships of the architect in the

Yphysical't environment, with which the architect is chiefly

concerned,

27



Chavoter 1,3

Although it is difficult to postulate any precise theory
which_wili seem wholely logical, the above concepts seem

to have the practical advantage of getting over the difficusy
of which came first, the hen or the egg, the thing or the
idea of the thing, by simply ignoring it.

What however is reasonably certain is thalthe visible idea
is the re;ult of marBknowledge of the physical environment
in a phenomenal sense (since it is obtained by means of his
gsenses),! This visible idea however, upon which man acts
is not the only "ideé" or notion conceived by the brain,
upon vhich he acts; but rather it is the one which we are
considering since it is the result of his sense of sight,

which again relies on Illumination.

It is true to say also that man acts upon "information" from

all his senses, and from hig hereditory or learned knowledge.

It is however posgible to follow the process purely froma
visual point of view, so long as the position of the other

factors upon which man acts are assumed.

For example, One may say that when the man looks at the

reredos by Narciso Tomé, there are thres fairly clear stages.

1. The physical environment. or physical forms in relation
. to each other,
A complex shape of wood, gilded
and i1lluminated,

2. Man's Phenomenal environment,
Man's sensual experience, of
the above. The stimulation
of the retina, an accurate

28
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an accurate/
correlate of the. image of the
physical environment.
An interpday of light and shade,
on figures and mouldings, in -"7 =
relatlonship to eachother, 1its
surroundings, and himself,
Its completeness depending on
the completeness of ones exper-
ience of it, Different views etc.

3. The visible idea. This may be a "visible" picturce
of the glory and magnificence
of God. It is upon this that
he acts(in a visual sense) where
such action is required.
The difference between the phenomenal environment, and
the visible idea, may be described as the difference betweem
an introspective view of ones environment, trying to see
the various surfaces, sdges, shapes and inta®paces, and
colours of which it is composed, which would be a good
approximation of the phenomenal environment; and the

everyday world of people, signs and symbols, upon which

man acts, which would be the visible idea.

" The posibion of formal relationships in thils process 1is
firstly the physical formal relationships of light and
matter which the architect uses to establish the artificial
physical environment, and the visual formal relationships
which may be considered as the mode in which the physical
environment manifests itself to man, and dependent on

the nature of man himsélf. The architect must consider
his formal relationships in the latter light, if they are

" to have malue to man.’
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dhapter 1.3

For instance,ﬁans knowledge of his environment, say a table
on the other side of the rbom, is confirmed by the fact that
he may go over and touch it, but equally the eXpanding'visual
field confirms the tactual formal relationship, spatial

behaviour cannot be separated from spatial perception.

Visual formal relationships then are the totls at the dis-
. posal of the architect; in a building they would be'giyen by
walls ceiling floors, and things of the environment which

he desires to create, Gibson1

*has suggested that they are
composed of "surfaces, edges; shapes, and ihterSpaces" '
and they .are "an aspect of'; the "physical-environment"gf
which the architect is called upon to provide, as a solution

to the human problem posed by any architectural progrem.

To what extent may they be considered bb have value? Here
one is dealing not with the "physical environment"providéd
by the bricks and mortar of the architect, but the phen-
omenal environment, as it is experilenced by Man.

A formal relationshlp may be consldered to have value to

the extent that it ministers to Mans needs .%.

Geoffrey Scobt3°speaking of value in architecture says

" The question "has this new thing. value?"
is decided directly by the individual, in the court.
of his experience, and there 1is no appeal,
That is good which is seen to satisfy the human test,
and to have brought an enlargement of humen power."

1. Gibson. J.J The Perception of the Vieual ¥orld
: . Howard Mifflin Co. Rlverside Press. 1950

2. As opposed to the "phenomenal environment" of Man.

3. Scott. Geoffrey Architecture of Humanism Univ,Press Edin.

4. The term"need" is used in its wider sense, as it applies :
tb the total organism, for things which are known to "Delight"
Man, cannot always be seen to arrive from some specific
nesd, 30



Chapter 1.3

Yhen congldering formal relationships as I have defined them,
there may be sald to bs three basic considerations.

1. Light. Visual formal relationships, being a function

of Vision, there must be light.  Illumination.

2. Matter.‘ There must be something to illuminate. ... -

;n fact the physical environment of which I
have spoken, 1ls light plus matter. |

| Together these may be called the physical component of formal
felationshipe, but since these have to be "seen" by'ﬁan'if
they are to have egistence in his Visual world, the third
component is Man ﬁimself.

3. Man. The subject of man and his interaction with

his environment, occupies the subject of the
succeeddng chapter,

It is convenient for the present to consider formal relation-
ships asvén element of the physical environmenb, and later
the commerce of Man with these forms in the phenomenal
environment, where as I have suggested the formal relation-
ships have value onlyg ﬁo the extent that they minister to

mans needs.

Gibsonls as I mentioﬁed hag defined the Visual world as being
composed of Surfaces, edges, shapes and interspaces, he
continues that the #isual world is

Extended in distance and modelled in depth.

It is upright stable and without boundaries.
It is coloured shadowed illuminated and textured.

1. Gibson., J.J The Perception of the Visual VWorld
Howard Mifflin Co. Riverside Press. 1950
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This 1s the description of the phyéical_environment, whigh
is the chief concern of the architect, since more and more
of Man's physical environment is being fabricated, and we
‘bend to live legs and less in a natural physical environment,

"architecfure simply and immediately perceived,

is a combination, revealed through:light and shade

“of spaces,of masses,and of lines." 1.
Here we find the psychologist in 1950 confirming the
aesthetlc theories of écotb in a previous cemtury, for it
1s important that the architect should know the tools at
his éommand, Scott however in using the term space, rather
than Gibson's combination of surfaces, edies, shapes and
interspaces, 1s using a terminology of which the architect
has been concerned, so that a brief analysis of space as it

is used in this senss is necessary.

The following example from Gibson?will serve to illustrate

thiss

Assuming that a Han is in space, that is to say in entirely
empty visual space, an atmospheric environment, He is at

the centre of a sphere of alir, the light from external sources
( the sun) being evenly diffused. No pull of gravity is assumed

and the question is what will he see?

1. Scott. Geoffrey Architecture of Humanism. Univ. Press
: : Edinburgh.

2. Gibson.J.J The Perception of the Visual World.
Howard Mifflin Co. The Riverside Press. 1950
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The answer is that the observer will in fact see nothing, and

might as well be in tdtal darkness.

Atmosphere is agsumed to have no dust particles, and therefore

has nothing which would reflect light in any formal arrangement,

it has neither texture, nor contour, shape nor solidity, neither

horizontal nor vertical axes.

The light stimulating the retina would be homogenous in
nature, so that he will see only luminosity and colour, but
as bhere would be nothing on which the éye eould fixate, he
would be unable to converge his eyes. |
Similarly there would be no impression of far ob near, no
distance. No sense of modelling or surface, no impression
~of up or down,'no equilibbium; so that he would be unable

to maintain a posture. |

'This in fact would be the nearest thing to no-space, and

the absenee of perception, For visual space , unlike
abstract geometrical space (the space of the architect's
drawing board) is perceived only by virtue of what fills

it. Architectural "space" as such is given by the relation-
ship of the various surfaces, edges, shapes and interspaces,
as a continuous array of surfaces, rather than a series

of "objects" in "space". | It is the physical environment

which in fact may be said to give "space" its existence, !-

1. Space may be thought of as an aspect of the architect's
formal relationships, owing 1ts existence to the three:
component parts already mentioned, light, matter, and Man,
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To reiterate, formal relationships in an architectural
éénse, would be given by the wall surfaces of the building,

' the ceilings and floors, and all articles of furniture and
decoration. They would be given by the natural luminaires,
the'wﬁﬁdows, and what may be seen beyond them, and the
artificial luminaibes, the "light" fittings. To the extent
that the visual world is without boundaries!: they would
also be given by‘the surroundings of the bullding, and its
relatlionship to the macrocosm. It would be impossible to
congider any of the formal relationships in isolation, since
the 1ndividual "parts" must conktribute to the "whole" of the
Building, whilst being subordinate to 1t.2-

The architect mﬁsb have a complete undebstanding of the
tools at his disposal, if he is to be in a position to
utilise his matérials to establish formal relationships
which have value to man. Having dealt to some extent with
the "light" component in Chapber 1,2, it is necessary now to
'discusg briefly some of the attributes of the physical

world, in relation to illumination.

1. Koffka assumes that one is visibly aware of the world
which extends backwards behind ones own head,

2. "Contemporary Architects have introduced the conception

of the unification of inside and outside space. £0lid walls

have give way to glass., The Effect during the day ls one

of transparency and freedom. The artificial formal relation-

ships are in phase with the natural environment, however at

night, the artificial illumination, not considered as a part

of the totality, is often out of phase with this new spatial

approach, The unrelated light sources, gadgets, and [ixtures

break up the flow and unity of the formal relationships.
Summary of article by Kepes.
Written for Sylvania, Unpublished.
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Al) surfaces have characteristic reflectance curves, and it
»lis the combination of this reflectance curve, with the
spectromadiometric curve for the light source, which will give
the characteristic of the reflected light, acting as a stimilus

on theveyeJ'

~ An architec tural example of this would be, that if a wall
surface is painted "red", which is to say that it absorbs all
or nearly all of the wavelengths other than red, it cen

iny reflect light in the long wavelengths. If ;ight with
a charcscteristic curve or line spectra having a pfeponderance
of radiation in the short wavelengthé 1s played upon it then
1t will be unable to reflect such light, and the wall will
appear black. If however light, such as tungsten 1is used,
which has a high radiation in the long wavelengths, then the
wall will appear a heavily saturated red. Such knowledge
is indispensable to the theatre desigher, who by the use

of coloured lights, and curtains of various hues is able to
create a great number of different colour effects, closely
related  to the psychological moods of death and life, hope
and déspair, sunlight and shadow.a‘\lt is necessary also

for the architect to have an undersﬁanding of this process
since the success or failure of his formel relationships
relies not only on the light source, but on what reffects

the light.

]
£

1. These two curves will give the physical colour; the
phenomenal colour, or that which is experlenced by Man, will
be given only when the phy81ological component of man is
also dédded,

2. Fuchs.T Stage Lighting. Little Brown and Co. 1929
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Fig.1.3.1 gives a few typical examples of the reflectance

curves that the architect is dealing with, for opaque materials.

It will be seen that in all eases mentioned the rellectance
curve is comparatively non-selective, that is to say that it
will reflect to some extent at all waﬁelengths, with the
highegt radiation in the required band....this means that
ganerally if the light is of such a nature as not to contain
this required band of wavelengths, then the result will not
be a "black wall" but rather a wall being the mixture of

the remaining coloured light to the degree that 1t 1s present
in the reflectance curve of the wall, This is often a

mdre disconcerting fact, since the subsequent éfféct is:i.less
predicﬁable, without a great deal of measurement., In any
cases where this 1s likely to occur it is adviseable that
the architect should have the material to be used tested

under the actual conditions.

The architect has also to use materials which are not opaGue,
vaglous forms of translucent plastic, glass, and other mater-
ials of this nature, In such cases it 1s important for

him to know the spectral reflectance, spectral transmittance,
and any selective absorption that takes place.

Transmission and reflectance are closely allied, for instance
a plece of glass of a particular characteristic (eg. opal
glass) may scatter all the iighb that penetrates it.

45% of this light may reappear at the entrance surface, that

is to say 1s beflected, 45% may be transmitted, whidst the
remalning 10% 1is absorbed by the material.l.

1. Moon and Spencer. Lighting Design. Addison-Wesley. 1048
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Chap ter 1.3

Generally speaking this absorbtion is converted by the material

into heat, but there are cases where the glass may have been

designed to cut out selective wavelengths of Sunlight, in

the infra-red, fof the reduction of heat and glare in a
building! 1In this case a percentage of the light is both

&raﬁsmithed and raflected, and a percentage 1is absorbed.

After a period of time if the structure of the material is

unstable, the infra-red rays of light which have been absorbeéd

by the material, tend to alter the physical characteristic

of the material and causes a "structural failure" of the

maberiél, in the sense that it will no longer absorb.the

required wavelengths, and 1is therefore useless for the

purpose it was designed.

éince the general recognition of the need for high levels

of illumination in certain buildings, the manufacturers

of gurfacing materials, such as acoustic materials, paints
and the liké, generally publish with the literature on their
product, the factor of "raflectance" of the material,

What they publish is however the "total" reflectance of the
maberiél, which depends on the nature of the light sour'ce.~
In such.a case the-1Y}luminants likely to be used widl be
Illuminant A. Approximating Tungsten

Illuminant‘g. Approximabing baylight.

When the material is used with a different illuminant, such
as fluorescent, or electric discharge lamps, this "total
Reflectance" factor will not give even an approximation of
the actual reflectance of the material in these clrcumstances,
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 However materials differ not only in their spectral reflectance,
but also in their "degree of specularity".

A perfectly specular plane may be thought of as a mirros,
imaging exactly the light source, and its relationship to

the room, A perfectly diffusing plane 1s one which will

show no_images, and will appear the same from all angles.

Few materials are elther perfectly specular, or perfectly
diffusing, being somewhere between the two.‘ The specularity
of surfaces, being an essential part of the formal relation-
ships of the architect, 1s a useful tool in the hands of

the architeét whno plans with a knowledge of 1ts characteristics.
It has been found a most useful aspect of illumination

in many industrial processes, where flaws, and scratches are
shown up in a manner impossible with a diffuse light, ‘but

in maﬁy cases where no thought has been paid to 1t, it can

prove a most annoying feature of an environment.,

There is a further feature of the visual world, as defined

by Gibson]+ this is "texture". The sort of surfaces that

we encounter in our daily life, are to a grsater or lesser
extent textured, and this property of surface, will later

be shown (Chapter 1,4) to be one of the important cues for

_ man's perception of the visual World,’playing an iﬁﬁortanb
role in establishing the relationship between one surface

and another, and the relationship of man, and hils orientation

in his visual wbrld.

Gibson., J.J The Perception of the Visual World.
Howard Mifflin.Co. Riverside Press. Cambridge. 1950
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What have been the attitudes of architects to "formél relat-
ionshibs" in the past? It is necessary for an understanding
of my original concept; and in any future ewaluation of
formal relationships in the later part of this thesds, that
I give a brief resume of what I consider to be the three
basic attitudes to form in the past, and the extent to which

these attitudes are prevalent today.

1. The absolute value concept.
Form from this point of view is thought to have an intrinsic
value purely as form, rather than a value to the extent that
it ministers to man's needs. Form in this case may be based
on whatever original concept, such as the refinement of
structure, a8 with the Greeks, or Fuller's where the essential
integrity of a form bf structure 1is exploited in a poetical |
or intellectual sense apart from its human justification.
éontribubion to this concept of form has also come from
those who considering organic forms from a structural and
atomistic viewpoint rather bhan'a dynamic one, are lead to
bellieve that a static form has an integrity apart from the
growthiof life-pattern which has produced 1it.
To take an analogy from the realm of town planning, this
attitude might be said to correspond to the "model or ideal"
town plans of the Renalissance, in which the form of the city
was lald out as a patternc* to which 1ts subsequent growth
was made bto conform. This may be sald to correspond at a
1. Fuller. Buckmaster - Dome construction U.S5.A and Canada.

. 2. Rasmussen,Steen E Towns and Bulldings. Liverpool U?iv Press
‘ 952.
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at a/
different scale to the individual parts or formal relationships
of a2 building, when these formal relationships are "imposed"
at an intellectual level, or for"moral" or other reasons,
rather than being the logical "form" that would evolve from
a study of human need a£ all its levels.

Form in ;ﬂis sense becomes one of the basic criteria, on
which the buildin§ is designed, it is generally fixed at
the outset, and the individual parts are made to conform.
In the work of the Greeks it should be remembered however
vfhah the functional requirements of their temples were few,
and were in fact based rather on the form; rather than the
form being based on the function, It is with the revival
"styles" of architecture when these forms are copied for
purﬁoses for which they were not intended, and in a country
for which they were not designed, that the real fallacy lies.
Enough has already been written by abler pens than mine aboat
this for further stress to be néeded.

Even 80,8 glance round our present day cities, not only
abt what has been built in the past, but what 1is being built
at the present is an unfortunate remindef that the lesson

has be=n far from 1earnt.1’

1. A typical example of this concept of form, of which there
1s such tanglible evidence, is the absolute static conception
of the Dome, into which shell zll manner of programs are
made to fib, whether they be the entrance hall of a university,
a library, or an auditorium, irrespective of their indiv-
idual need. If the builddiers of domes were to have their
way, ia’visually poverty striéken world would result, no less
anachronistic than Italianate Renaissance Paleces of Londom,
Paris and New York.
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The use to which Illumination has been put in this concept

of form, may generally be said, though there are egceptlons
28 with all rules, to have been "the lighting:.up" of an
already established formal relationship, or physical envir-
onment....1t has been made to fit an existing statlc conception.
It is of course true to say that illumination has been used
also in the conception of extremely valtiable works of archit-
ecture, of which an example might be the exponénts of -the
Palladian Villa, for although the original idea of the form
may have been developed in a different country, the form

was sufficlently flexible to allow innovation, and in meny
cases illumination has been one of the "tools" utilised

in the original conception of the bullding, instead of
performing the job of adding to 6r articulating an already

existing building.

2. The additive Concept.
Form 1g thought of as the end product of the satisfaction
of a limited set of criteria. This has been called
"the functlonal" appraach; but to the extent that the criteria
useJhave been inadequate, this may be consldered a misnomer.
Although all periods of architecture show examples of
this concept of form to a certain degree, it is most brought
home by the theorétical studies of the 19308, when it was
felt that a technical solution to the problems of structure,
planning, servicing, and sometimes acoustics, of a building
would "add up" to a total solution in terms of form. Form

was thought of as being the sum, of these individual parts.
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The external formal relationships of the building, as achieved
by the natural means of daylight'during.the day, and the
artificial méans a8t night, were said to “"express" the

purpose of the building.

ﬁy means of the voids cut from the solids of the form, light
was allowed to penetrate to the inside of the bullding, and
the inslide was unified with the outside. 0ld forms were
abolished, and new ones more in keeping with new materials,
and new forms of structure were added to the architect's voc-
abulary of "form! Architects on the whole were astonished |
to find that the results satisfied few people, and naturally
attributed ﬂhis digsatisfaction to atavistic tendencies on

the part of an ignorant and sentimental public. The truth
of the matter was however the inadequacy of their conceptlion
of form. Yhere the building programs were limited to
factories, and offices, or such engineering works as bridges
and road systems, the results bo‘a greater degree satisfied, .
since they did in fect result from the needs of programs.in
which satisfaction of the practicél aspects mentloned did more‘
hearilyy meet man's‘needs in a total way. However when the
proérams were of housing, the result in terms of man was
unsatisfactory in many cases, due to the faklacy involved

in the'concept. For formal relationships wihich are designed
or arrive, as a result of a satisfaction of an.inadequate
concept of Man‘s needs, cannot be considered to be truly
"functional”,

The‘loudest protagonists of this concépt of form, were not

thems&lves the greatest exponents of it, for in the work of
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Le Corbusier, who did perhaps most to popularise this f
"functional appreach" one can detect a magnificent disregard

for it. In his houses at Garche, and the villa Savoye,

and his hodsing scheme outside Paris at Bordeaux, one sees

the greatness of the artist in conflit with the principles

of the theorist, and the result is a work of passion in

which every gamut of the emotions is displayed; and the

formal relationships'of' colour and texture, or light and

shade, void and solid, result in a "whole" belonging to

a far more adequate conception of form, in terms of light,

and in terms of man.

3. The Holistic Concept.1~

In considering a term adequately to describe this third

Concept of form, I was persuaded to use the term "holistic"
mainly because of the discredited use of the term"functionalism"
which would at first sight appear to be 2m adequate,

However on further acquaintance with the term "hqlism" it

seems that what may have been dictated by necessity, may have

obvious advantages in practice.

1. From the philosophy of Jan Smuts,

‘Tha following entry in the Encgtlopedia Britannica, under "holism"
"The theory which makes the existence of wholes a fundamental

feature of the world. It regards natural objects, both

animate and inamimate as "wholes" and not merely as assem-

blages of elements or parts.

It looks upon nature as consisting of discreté, concrete

bodies, and things, and not a diffuse homogenous continuum,

These bodies are not entirely resolveable into parts: In one

degree or another they are wholes, which are more than the

sum of their parts, and the mechanical putting together of

their partswill not produce them, or account for their characterlisgtic;

and behaviour. 43
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When dliscussing Formal Relationships at the beginning of
this Chapter, I stated that formal relationships might be
considered to have value to the extent that they minister

to Man's needs, |

To this should be added that they must minister to Man's needs
as a totality, or whole, or simply from a holistic point

of view. The two concepts of form already discussed were
seen to have been found inadequate, firstly because form

was something that had an absolute value irrespective of
Man's present needs,and secondly because form was arrived
at from a limlted approach to man's needs. This third
concept then has something of both the previous ones, in
that firstly,the form is consldered as a whole, having value
of its own apart:from the value of the sum of its parts,

and secondly because it must come from a fuller conception
of mans needs than the functional approach allows.

"to be a whole, and to live in the whole
becomes the supreme principle.”

Man must be treated as a totality, and the building resulting
from treating man as & totality, must have a vital .% -
force, or "wholeness" of its own. For Holism according to
émubs is an attempt to explore an alternative scheme to

the mechanistic, or atomistic view, whilst yetyavoiding the

pitfalls of vitalism.

The resultant tetality of the bullding, may theréfore be . ..
congidered to have an integrity of its own, whilst all the
,iﬁdividual parts and the formal relationships of the architect

subscribe to this unified whole. At bhe'same time the whole
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the whole/

of the building must contribute to a like degree to the whole
of the natural,or artificial environment of the city, as one
cell adds to another, each a whole but adding to the greater
whole of the total organism, by an addition far greater

than the sum of itself.

An architectural example might be taken from the building

of a éhureh. The Whole of the Churoh is everything in Man's
experience of 1it, his initial ﬁeed for religion, where that
exists, the building itself, the clergy, and the congregation,
together with his own cbntribution to the totality of "church!
A good church may be considered a very‘bad building, or

vice versa, where the other elements vary in value, but

what is important is that the building should contribute to
the totallty, and as formal relationshlips may be condidered
to be an agspect of the whole, it is important that such
formal relationships, being the responsibility of the arch-
itect should be so considered.

As I have mentioned the architect 1s concerned not only

with the visual formal relationships, which I aﬁ mainly
concerned with here, but with all formal relationsghips,

which contribute to the experience of Man. An example

being that in the office of an executie where the acoustic
properties of the structure are such as to allow sound to
pass in and out too easily, such an "audible formal relation-

ship" would be unsatisfactory, since it woudd not meet the

demands of the executive,
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In such a case the visual formal relationships might be the
éame had bhe_walls been acoustically sound, the totality

of experience would have been Just as inadeduate, and for
exactly the same reason; an inadeéuate conception of form,
resulting in a disunity of experience.

To what extent is this third concept of form, to which I
would subscribe, prevalent in the minds of architedts todayf
Perhaps a quotation from Gropiusl!. will serve t§ show that

this attitude 1s not entirely absent.

"If the emphasis today 1s not on the Caesars, bubt on the
plain human being, we have to study man's biological way
of 1life, his way of seeing, his perception of distance, in
order to grasp what scale will fit him. Buildings must
gserve his physical and emotional needs, not dictate to him,
When we perceive space, the size of our bodies— of which
we are permanently consclous— serves as our yardstick or
module in our search for the human scale. But relationships
in space are not static, the element of time has been intro-
dueed as a new dimension in space....
An optical counterpoint has been used in the past bto achieve
unity of the physical environment; and knowledge of optical
phenomena is lmperative to those who would design on an
objective basls. In this respect science can provide the
‘architect with the implements to realise his design. The
science of space can raise bullding into the realm of art
and in that function can become the key for "a common
language of design" to be understood by all."

In the works of Gropius and others there 1s a growing

realisation that man must be studied as a whole, and that the

proper study of architecture is a study of man,

1. Gropius. Walter Planning Man's physical Environment
‘ Princeton Univ.3Bicentennial 1946,



"Every external stimulation is refered to a sytem of values

based upon conscious or subconscious purposes of
the individual.

1

Kepes.
"PART 1 | (
 Introduction,
Man, Light and Architecture,
Chapter 1.4
- Man,

In the foregoing chapters i;have considered formal relationships
‘as being the product of light on matter in the physical
environmentQ’and by a discussion of what constitutes value

in formal relationships, have tried Fo show that when the
holistic viewpoint towards them 1is a&opted, they are seen

to have value only to the extent that they minister to man's needs

1. Kepes.G Article for Sylvania. Unpublished.
2., But since the architect 1is dealing with man, they must

be consldered in their phenomenal aspect.
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man's needs/

in a total sense. For if man is to be satisfied at all
levels of his consciousness, then the formal relationships
must be based on the needs of man from both a physical and

a mental level, they must be the resultant ¢f applied anatomy
and physiology, and also of applied psychology. Such a

1

view would incorporate what Kalff *calls "positive comfort"

and Kepes?- calls"delight". It has also been called
“aesthetics,"
"For it must be realised that aesthetic values cannot
be created through conscious aim, but are the evidence
of an innate harmony, that has been achieved through

the arrangement of space in such a way, that human
needs and senses are satigfied."3. ,

In such an architectural thesis as this, it is impossible

to go as deeply as I would wish into the needs of man, since
this would involwe researches into the basis for man's
pesychological needs, in his biological function, not a
legitimate study for an architect; but rather it is for me
to point out that the architect should be aware of the pres-

ent state of such research, and should utilise such findings

when and where they are appllcable.

RIS LRGS0

1. Kalff L.C What is comfortable lighting? Illum Eng.

o Lines-Colour-Brightness. Philips-Tech,Review
December 1952,

2. Kepes.G Seminar "Vision Brightness and Degign.
- M.I,T Sept. 1953

3. Princeton Univ,Bicentennial, ©Planning Man's Physical
Environment. 1946
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In the light of this knowledge it is necessary to s@ate,

vthab since man's needs are not wholly understood, it would
be impossible to postulate a theory that would say that

"if such and such a need is satisfied, then a solution in
jberms of man, would result in "delight")' For in the lack of
further information about man's needs, and aboqb man himself,
it is presumptioﬁs even to suggest that what "delights"’

man necessarily arises from any need at all, !«

Perhaps the most that can be said is bhét when form is con-
sidered from the holistic approach, such factors may be seen
in their correct light; whilst with other approaches, the
concept is so limited as to preclude bheir conslideration
altoéebher.

The holistic approach incorporates, all man's needs, knqwn
or unknown, conscious or subconscious, relying 6of its
basis on a study of man as a total organism. And though in
the future it may be mors and more possible to predict from
such a study the sort of formal relationships that will
delight man, for the time being the architect can only rely

on the information that is available.

In the ensuing study of man's needs, the limitations that
~are ab present evident in the concept, due to an inadequate
knowledge should be born in mind.
1. Kepes quotes the "arrival of the first snow" in this
regard, saying that though this answers no need of man,

as they are understood at present, the result causes
deligh{.
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, \ ,
' ﬁuning;this discussion, I have tried to separate where it
has served the purposes of simplicity to do so, the physical
environment from ﬁhe phenomenal, and this chapter will be
devoted to a discussion of the human percephion,'or commerce

with, these physical forms, audible, tangible, and visiblel.

In order to have a basis for an understanding of man's needs
in a visual sense, it is necessary to discuss briefly the
visual process since 4
...the sensory modes 6f registering the modulated light,
the various sensations of colour, become the .
means for the spatial ordering of objects and events. 2.
In 1709 Bishop Berkeley wrate"An essay towards a new theory
of Vision." in which he discussed the way in which man's
sense of sight had developed. He writes... ‘
"For this end the visive sense seems th have been
bestowed on animals, to wit, that by the perception '
of visible ideas... they may be able to forsee the damage
of benefit which is likely to ensue upon the application
of their own bodles to this or that body which
‘is at a distance; which foresight how necessary it is
to the preservation of an animal, everyone's experience
can inform him,"
When trying as an architect to deal with such an open field
as "Vision", it becomes difficult to avoid useless repetit-
ion, of basic facts that can be conned from any textbook
' on the mechanism of the eye, and in order to avoid this

it is possiblle that I may run into worse danger by experimenting

1. Visible. For the purposes 6f this thesis I am dealing
mainly with the visible aspects.
2. From the flyleaf quotation by Kepes.
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- by experimenting ‘with/
~what I hope mey be a simple concept on which & practical

study of man's needs may be based,

Starting then from the qntotaﬁion from Berkeley, it can be
seen that what man perceives (as the end proauct of the
process, however this may be obtained) is a visible idea.
éonbinuing on,on the lines of Eerkeley, one might add
that man does not use his visive sense in order to have
a vislible idea only, but in order that he may act upon it.
For man did not "forsee the damage likely to ensue" without
acting in order to prevent it, for a philasophical attitude
towards danger would have been unlikely to have resulted in
longevity.
These then may be‘considered to be two most important
aspécts of perception.

1. That man perceives vigible ideas.
2. That he percelvses, in order that he may act.

This does notappear to be in any way an unusual way of looking
ab man's visual process, to procéed...

T éut we observe that the physical environment, &s such, is
not a visible idea, it is comprised of concrete discrete
wholes, to a greater or lesser extent. DNor does this

physical environment become a part of the eye in Qrder that

we may experlence it. The Man is placed in a physlcal envir-
onment, and yet due to his "visive" sense he is able to

obtain "visible ideas"about this physical én#ironment by

means of the light reflected from objects on to the retina

of his eye, and acting through his nervous system.:
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Before becoming involved in the many théories of the way'’
in which the physical world bécomes "the visible idea"

of which the Gestalt and Gibson theories mgy be considered
only the latest in a long line of theories which it would
‘'be tedious to enumerate, perhaps it is possible to discuss
the process as a whole, by asking such a question as:

If Man acts as a result of his "visible ideas" then what

is the sort of "information"that such visible ideas must
convey? and then 1f one could establish the sort of inform-
atlion that man needs, perhaps this method might be of more
practical use in ensuring that he gets it, than for the
1lluminating engineer to decide that a certain number of

ft.candles thrown on to a certain task will be adequate.

In other words what should be thought of is not how much
iighb do we need on this task, but rather, how much inform-

ation does a person need about this particular thing?

Perhaps if we enquire irfesome architectural examples,this
point and other differences between this approach and the
traditional 1lluminating engineering approach may be

brought out,

Ist example. The design of a'Resbauranb.

It is impossible to think in the abstract about restaurants
in general, and to say that in all restaurants it is necesgsary
to provide so much light on the task, that of eating.

But a more productive way of looking at the problem 1s to

éay: in this type of restaurant for instance, the sort of
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the sort of/

people who come to it will like to sit with a friend, and
feel their own "separateness" in an environment where good
food and wine are to be had, theywant to féel as though

they are having very special attention, but they are
compérabively uninteresgted in anything élse that goes on

in the restaurant apart from their own little world. In
such a restaurant, which would cater chiefly for such a tppe
of person, the amount of information that the diner would

want might be as follows,

He would want to be able to orientate himself in the main
space of the restaurant, he would want to be able to act,
in the way of movement within this space at any time he

80 wished. éo 1ong as sufficient information was supplied
him concerning this{ he could walk safely, and without
difficulty, provided the other formal relationships were
‘not'against it, He could.see that the floor was flat,

he could feel when he was walking that it was 80, he coulad
see to cross the floor between tables, and he would have
gufficient in.formation to enable him to leave at the right
door.

Other information that he would want would be, concerning
the food on the table, and the person with whom he is with.
he would want for instance to see that the food was the
usual colour that it should be, and looked what it was,
whilst he would want all the information about the expression

colouring and subtle inflexions of gesture that his companion
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his compamion/

might make during the coursge of conversation., So long then
that his needs in this way were met, that the information
that he wanted was conveyed by the formal relationships,

into the visible ideas that he needed, then these formal
relabionships would have value to him to this extent at
least. Had less information been conveyed, then his actioms
would have been in some way restricted, he would have been
unable to walk across the space eazsily, or he would have been
unable to act on the subtletles of inflexion of his compan-
ions mood; or had incorrect information been conveyed, such
as the bread looking gréen, or the winé blue, he would have
been unable to act in the manner he wished originally, which
was to eat the food (which might have been perfectly wholesome
but incorrectly illuminated), or yet agein had too much
information been conveyed, so that instead of seeing only

as much as he wanted, all sorts of other things could be
seen, such as the people who were eating at the next table,
the dust on the fioor, waiters rushing about attending other.
people, he would have been equally unable to act in the

'way in which he wanted,

Hay one conclude from this that man needs sufficient, correct,
information in the form of visible ideas, in order to enable
him to act, in -the way that he wishes, or the way that his

body's economy would dictate. He needs neither more nor less.

To continue the example of the restaurant, but this time a

different type of restaurant. Here it is intended for the
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for the/

hurried office worker, who wants a quick lunch, and who
since economics dictate his needs, wants & cheap one. In such
a case the visible ideas that are likely.to result, are
bound .to be a compromise, so that it is less possible to
treaﬁ this problem by this present method of analysis,
However supposing for the time being that one cduld, one
might say that firstly the sort of information that he would
need, would be for him to be able to orientate himself in'

- the space on arrival, and to be able to move‘safely, if not
too freely due to the obvious necessity in such a restaurant
for a certain overcrowdedness, He wants the sort of inform-
ation that would be likely to enable him to obtain a meal

in the fastest time. The needs of the waiters, and the
people who are there to ensure that he does have & meal in
as fast a time as possible, so that they can get him out, amd
.someone else in, also have to be met; and since they too
need as much information about their own particular work, in
order that they may act upon it efficiently, the whole

of the restaurant 1is likely to have to be designed in such

a way that the formal relationships of the architect will
conﬁey the"maximum information"in the form of visible ideas,
uppnkwhich those people(having commerce with these forms)
may act.

From this example then it may be seen that there are cases
where a maximum of information has to be conveyed, but this

1s by no means almys the case.
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2nd Example. Apblying bhisumethod to two practical tasks.
Firstly climbing stairs, What is the sort of information
that 1s necessary. Again, as always information enabling
him to orientate himself in space, information of where the
staircase is in relation to him, where it leads. He needs
information as to where the first stép is in relation to the
second, the height of the riser, the width of the tread.

Much of the information that he needs to know ié agsumed,

for instance when he sees a staircase covered with carpet,

he ascends on the "assumption" that below bhis carpet there
is a structural stair, and in fact much of the information
which enables man to act in and on his emvironment is assumed,;
he assumes that the man driving towards him will continue on:

such a courge as not to hit him,and so he assumes that

when information is lacking (such as on an illlighted staircase)

that the staircase continues, until checked by the information
of a landing, at which point he pauses to éheck the position
of the final ébep.

Man's action towards a flight of stairs is not only the

result of the visible idea, for where there is a Randrail

the tangible formal relationship may asslst particularly

where the visible idea ig absent or insufficient.

.Secondly reading a book. how can this form of analysis
be applied to reading a book? It is I think obvious that
primarily the informatlion that 1is wanted is that contained

on the printed pages themselves, and which is achieved by
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is achieved by/

both an understanding of the symbols which convey ldeas to

the brain, and?ﬁbtion of the printed page, as a visible ideam
itself, about which the information must be sufficient,

The information must be efficiently con?eyed, he desired
neither more nor less. - Aspects which are known to lower

the amount of information which may be had, are specular
reflection of a luminaire misplaced in relation to the book,
which Qoqld cut down the contrast between the print and the
page, 80 thaﬁ information would be more difficult to understand.
glare sources outside the area of the book, which would

cause a stressi on the eye, since it would have to concentrate
by the use of the muscles of the eye to keep the gre accommodated
" to the book, There are other aspects which would lower !
the amount of informatlon that man could act upon, such as

poor printing; as well as print in an'unknowh'language, or

‘the fact that the information cannot be understood, also

such s a great deal of noise causing audibbe ideas that

would conflict, rather than add to the visible ones.

From this exémple then 1t can be added that the information
must be such that the visible idea can be undersbood1' by
the person for whom it is intended, if "information is to be
past. Also that other idezs may conflict with visible

i eas to the detriment of the passage of information.

1. For instance a éhrisbian may have many visible ideas
concerning the inside of a buddist temple, but he would

be incapable of understanding these visible ideas in any
complete sense.
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bther examples of thié detrimental effect on the passage

of information in thils example might De the fact thet the
seat in which the person is sitting is uncomfortable,
causing postural difficulties; or that due to the‘lack

of light on a book a person has to take up an unusual posture
in order to gain a better light, in order to obtain this in-
formation. The person mighb be hungry, and so unable to
concentrate on the information though:. the visible idea

- would have been forthcoming from the amount of information
had he not been hungry. So that the failure or not of

the visible idea, 88c8ibagsis for dctlon, :isndt aléne: iy

atbributable to the formal relationships of the architect.

Other information that I am now assuming to be needed in
all cases would be the information 4f the person's orientation
in space, and to any object in that space which he wishes

to act upon.

3rd;Examplé.k lan's experience of the "whole" of the building.
Perhaps 1t 1s best to think of this problem as a Man's
initial experience of a building.
The information that he requires of the individual parts
of the composition, 1s his orientation in relatiop to themn,
and its relation to his total visual world, he needs to
know how he may approach the building, and how he may enter
inside it.
However there is other information that he must know, in
order that he may "act" on the building as a2 totality,
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his action in this case may not necessarily be 2 movement,
but can take the form of an expression of pleasure, or dis-
pleasure, or even indifference, but may be séid‘to
be‘the‘action of "experience" of the building as a part of
his total environment, and of the "experience" of the
building as a discrete whole itself.

In Chapte: 1.3 I said that "the resultant totality of the
building, may tnerefore be considered to have an integrity
of its own, whilst all the indivhdusl parts and the formal
relationships of the ;rchitect subscribe to this unified
whole." It is the information of this “integriby“ which it
is the architect's job to convey to the person as a visible

idea.

It may of course be said at this point that.I am trying to
étrebch this "information theory" too far, and although

this of course may be the éase; I believe that the action

~ which I am calling "the experience of a building as a whole"
can oniy be a truly unified one if the information of

vbhis "intégrity" san be conveyed by the formal relationships
of the architect, as a "visible idea", to the consciousness

of the individual,

To take an_analogy from painting, if the work of a painter
cannot convey the information that he wishes to convey, in

the form of a visible idea; whether that idea be a preraphaelite
morality, or a sbrucbure of colour and line, then this

work 1s of relatively little value to that particular person.
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As I have already saidl!-the "whole" of the building, as it
is éxperienced by man, does not consist of the formal
relations of the architect alone, since it is composed of
everything in man's experience of it. So that it is not
possible to be spscific as to how much of a person's
experlence of a builﬁﬁglis the result of 1its visible aspect

and how much the remault of all the other factors involved.

However in concerning myself wihkh "visible ideas) since

this is a thesis on Illumination, and illumination is

a means by which "visible ideas" are achieved®e it is .
necesgsary that I should try to 1imit the scope, in order

ihab the subject may be covered in as precise a manner as
possible; I shall therefore not concern myself with notlons w
conceived by the brain of a nature other than those resulting
from his sense of sight; other than to state that they

~exist, and form important aspecbs?ﬁans experience of his

environment.

éonsidering then the visible idea, and the extent to which
it answers man's needs, I am thinking of this ab present
in the gsense of "information" of the physical environment,
which man needs in order to act, which 1s to say to

assist in his total experience, of the building as a "whole".

1. In Chapber 1.3 discussion of the holistic concept of
form,
2. Through the information given by the formal relationships.
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In this respect the formal relationships of the architect,
can be seen to have a. dual aspect.

Firstly it can be seen that they will have a value to the
extent that they faithfully convey such information as the
erchitect wisheé,them to convey, of the physical environment
that he creates, |
Secondly they will have a Value apart from this, in the
nature of the information itself....since this is "what

the architect wishes" to convey, rather than the way in

which he does 1t.

"To continue the analogy from painting, the palnting will
have value to the extent that the painter is able to convey
his message; but it is the value of the message itself, which
in the final aﬁalysis is of the greatest importante.,. The
most superb craftsman may be a very inferior painter for
this reason, whilst the persdn of imaginapion, who 1s less
~capable of conveying his message has more change of being
considered the greater. However it is when the emecution,
or the manner in which the information is conveyed, maiches
the inspiration, that the overall unity of the painting is
felb.

In architecture then the Yinformation®" of the "whole} or

the formal integrlty, mey be experienced by man in the manner
that the architect wishes, but the posséssion of such know-
ledge in no sense guarantees that he will experience "delight",
since this depends on the valle of this "information) or

whether it satisfwes him at all levels of his consciousness,
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Moreover since archibecture is a social art, inbthat man

is in the position of being obliged to come into contact
with builings, and the artificial environment of the
architect to an incresasing degree; it seems ilmportant to me
thét the information should be of such a nature as to convey
an experience of pleasure rather than displeasure, to as
great a number of people as possible. It is easy not to
buy a painting,  but impossible not to come into contact

with the environment of the architect.

In order to convey to the observer the visible idea of the
building as a "whole", it must be the job of the architect
to convey to him, the purpose of the building as a ﬁhole,
its significance as a past of its environment, and. its |
fitiness for its purpose. For in order that he may "act"
in this sense, he must know whether what he is looking at

is 'a Church, a factory, or a waterworks.

It was not surprising with the introduction of the steam
éngine, that the first railway carriages should have been
made to look like their counterpart of the horse drawn days,
since thelfirst information that the early designers wished
to convey was the informatlon that here was something that
fmoved" in the same way as the horsedrawn carriage, and
with all its safbby, This matched with the past experience
of the individual, énd he Was able to accept thls more
easily thah he would have done, had the carriage been more

truthfully designed.
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It was soon felb however that the information whdch these
'§arriages conveyed was incorrect, since they were no longer
suibable for their purpose of travelling at increasing speed
along a2 glven track, so that other carriages were built which
conveyed ‘this new information more truthfully. The new ‘_
carriages then conveyed the exact information, that here was

a form of transport of a different nature altogether.

To take a present day example, a man looks at a building

for the first time, and he sees that it is a church, all

- the Informatlion available to him culminates in the experience
of the visible idea that this is a church.

Anpbher man may look at the same building, and in his case
the ihfqrmatidn1tuconVeys to him that this may be a church,

a factory or in fact almost anything.

That has gone wrong, for something surely has, since one
person experiennes a sense of dissatisfaction being unable
to feel the "integrity of the "whole" except perhaps as an

abstraction.

The“fault may lige with the man himself, he may be foreign

to the country, and not understand the purposes of the
buildings he sees, or not being in a foreign country, he

may have had such a poverty of experience in the past as

to be unable to‘recognise somebhiﬁg for which the information

1. Information which remains the same for both men, to the
extent that they are in the same place at the same time.
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the information/

in a more general sense was adequate. However it‘ié

also likely that the fault lies with the architect; and I

think that it may be called a fault (since it is the architect's
Job to aad to the richness of man's eXperience in a positive
way) if the value of 'the “information',: in ‘texms of 'mamg

is insufficient to convey & satisfactory visiple idea.

In a world whefe new materials, and new methods of sbructnre
are resnlting in forms for which there has been no previous
match, only time and man's inherent ability to comprehend
"the wholeﬁvwﬁre it may exist, can declde whether such
forms do in fact convey the sort of informétion of the integrity
of 2 form, baeed on’ its essential unity, fitness‘for purypose,
and its slgnificance for presenb day life, which will
convey visiblc ideas

"which are seen to satisfy therhuman test,

and to have broughb an enlargement
of human power.'

Perhaps ip is possible at this point to summarise briefly
the main points in this information theory. Individual
information will vary for each pfogram, and the importante
of the different points will vary relative to eachother,

80 that in most cases gome form of architectural compromise
will be necessary, in order that the most important:.

aspects of information concerning the bul$ling, may be conveyad,
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Summary of the information for the visible ideas on whiqh

- Man may act.

The information must be correct, which is to say unequivoéal.

The 1nformanion must be sufficlent, tather then maximal,

. or mlnimal

The informabion for all other ideas!- should contribute

as far as possible to the visible idea, and in no way
conflict with it.

Yhere information is likely to be assumed, then the reality
must correspond to the assumption.

The information mustlunderstood by the person for whom
it is intended. It must be eapable of "meening'.

The information must be obtained in such a way as to
set up no undue stresses2en the body's economy.

The information concerning "wholes" rather than the

sum of its individual parts should predominate, utilising
the inherent temdency of man to have- "ViSlble ideas"

which correspond to the "whole! %: %

This might be considered as 1nformabion of the Unity

of the building, or thé integrity of the form as a"whole".

The above list may be considered as the "Manner in which

3.*
- the information is conveyed". There is however a further

point vhich may be considered later, though since this is

a function of so many different variables, it is not possible

't"o

80

1.

treat it in the same fashion.

The quality of the information itself. Or the value
of the information the architect wishes to convey.

Other than the visible idea. ie. audible and tangible.

a synaethetic solution must be sought.

2.
3.

By undue stresses, I mean: such as to cause permanent strain.
Such a 1iBt would conéain eVerything but the "value" of
the information.
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I stated at the outset of my investigation of this informat-
ion theery, that it was an attempt to find a concept which
could‘be’relied upon as a.basis for man's needs, which could
result from a discussion of the visual process as a "whole".
I hadanEin$¢n§¥§§ pﬁ;ppgingtppﬁggtabgiéhfaﬁpurely mechanical
Eheor},rwhibh‘w&dldjsay, "supply the fight information, in
the right way; and that is sufficient" The notion is absurd
enough. For there is ample evidence that designs in

which this is done do not necessarily "delight" man.

An example of this might be a special box constructed for
thgwpgrpqse of éxperiments into lighbing1- in which a person
might be asked to sit and to listen to music, or to read.

The wall surfaces being variable, it could be so arranged
that the conditions within the box answered all the aspects
of the information theory such as I have‘outliﬁed it...but
"by no sense of;ﬁhe imagination could the result be considered
‘to have answéred the mank needs in a tatal sense. What

has been lacking is not the information itself, but the

fact that the quality of the information has not delighted

him;

AN

An example of this might be the difference between a reredos
‘by Narcisco Tomé at Toledo, or maay another baroque reredos
of the early 18th cent, and the simple reredos behind some

1. Such as the one in the M.I.T.Lighting Lab. which I constructed
in 19530 * . . '
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behind some/

altar in a simple unpretentious modern church.

The difference lies‘not in the way in which the information
is:conveyed,kwhich in both cases may be most édequate, but

- father in the difference in the "quality" of the information;
In the baroque example, already mentioned the light flows
like a river down the moulded forms, SpiaShing the gihlded
wood, S0 that the quelity of the informatidn is of the

“whole ﬁwonder,kmighb,and me jesty, the transcendent character
of god,.as it was conceived at this time." whilst in the
modern example, the rabional_simplicity of the information
that is giVen.is more sultable to the way~in which religion
may be thought of at this time; where it is simply not just |
the result of a general impoverishment of ideas.

In such a case one judges by the quality of bhé laformation,
over and above the manner in which it 1is conveyed. Since
bhis is not a thesis dealing with what is the basis of
imagination, this 1s something tha; I may safely leave.

FQ: bhe purposes of this thesis I am dealing mainly with
manner1§f thekinformation, as I have outlined. it, rather
~than the quality that an individual designei may bé able to
give?it: , |

In designing or judging & scheme using the ‘above criteria,
the facb that this is not a final judgement must be born in mind.

1. Manner, nere denobes "ths manner in which it is conveyed. "
see list overleaf.
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- At this point it would be useful to reiterate the various

concepts that have so far been put forward.
ILLUMINATION

That illumination is considered
"to be a means by which formal .~
relationsh@ps may be achieved.

‘That the formal relationships .o - - ... .1,
of the artificially created

pEgysicel environment, have value

to the extent that they minister

to man's needs in an holistic

way. '
MAN

Man's sanse of sight has beenn
developed in order that he may
perceive "vigible ideas" upon
which he may act.

In order that he may act, man
needs "information" of a specific
character, for bhe perception
of the necessary "visible ideas"”.

It is (therefore) the task of the architect, by the use

of his knowledge of the interaction of light and matter;
to so arrange his formal relationships, that they may
mediate the specific information which man needs

for the perception of visible ideas, upon which he may act
- within and upon his artificial phy31cal environment,

‘in. an-acceptable manner.!
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In the final concept outlined overleaf, it can be seen that
the visual formal relationships of the architect mediate
the specific information man needs for the formation

of visible ideas,upon which he may act.

I have dealt to some extent with the three aspects of this

"information" which are as follows,

1. The value of the information itself, This is to a large
extent intangible, and inwapable of quatitative analysis.

It involves the emoﬁions and feelings of ﬁan, his hereditory
and learned personality, and is the suitable study of the
psychologist, from which research the architecﬁ will be in
a better position to understand the needé of man in |

this respect.:

2. The manner of the information, which I have shown to be
the quantity, veracity, clarity, meaning, and unity of the
information, together with the ease by which it may be
obtained, since this too is the legitimate study of the
architect, to the extent that it is given by his formal
relationships. This is more capable of quantitative
analysis, and each individual architecﬁural program, should

be considered from all these aspects.

3. The subjects about which the information is needed.
Here again one 1s dealing with sometiing which is capable

~of quantitative analysis.
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Broadly speaking it is possible to classify this information

inbo the following headings,

1.

2.
3
4.

5

Information concerning the physical environment, in the
cage of thls thesis, this would be the artificial physical
environment created by the architect,

This would be concerned with the materials, the spatial
relationships, planning, in fact the whole "richness"

of experience which the architect is able to provide.

Information concerning mans orientation within this
physical environment, the relationship of himself to
the environment..

Information concerning any action made necessary by
man's contact with his physical environment, or made
possible by it. Movement.

Information concerning other objects and people within
his physé&cal environment, such as are nobprovided by
the architect. His orientation to them.

Information concerning any action made necessary or
possible by such other objects or people within the
physical environment. Relativermovement.

It is possible to think of this "information" from three

different view points.

1.

Physically. The interrelation of light and matter,
; This I have discussed &already.

2.'Physiologically. How this information is conveyed, in tke

3.

form of stimuli, and how the eye
receilves 1t and is affected Dby 1it.

It is convenient to consider this at

the level of the phenomenal environment.
The extent to which the body,- as opposed
to the brain is affected by 1it. '

Psychologically. How this information results in the
vigible idea. the affect on the brain.
How the information is used. ’

In this Chapter so far I have tried to discuss the visual

brocess’as a whole, from the physical environment, bto the

vigible idea, and man's subsequent action.
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From the point of view of the architect however, 1t is
necessary algso to analyse the process of vision, in order

to see how the "information" provided by the formal relation-
ships, 1s transfered by means of "light energy" of a specific
pattern, tq the retina of the eye, and subsequently is

used by man as a "visible idea”.

It is important that: |

‘1/ Thevarchibect should understand how the physical environment
becomes the phenomenal environment, as eXperienced through

~ his senses, and the "visible idea" when integrated with

his total stimulation pattern.

and
2/ What conditions will assibt this process. t

For the pufposéskof analysis,in the past what may be termed
a "camera”concepﬁlof vision“1ﬁas been uséd in order to ex-
plain this process. There is sufficient literature to
make it unnecessary’for me bo go'into this other than to
vsay that the eye has been thought of as‘a‘camerd, with its -
~own automatic focussing and lens aperture ad justment, which
reproduced an image of the physical enﬁironment on the

gelf renewing film of the retina, by means of light energy.

Since the only part of the retina which establishes a focussed

/

1. Helmholz. Hermenn Physiological optics. 3 vols. -
’ : edit. J.P.C.Southall. Opt. Soc. Amer. 1925,
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a quussed/

image, is the central foveal area, which is concerned with
the discrimination of fine detail; this has lead in the past
H;o‘the appliCatiQn of bench optics to the concept of

vision, and the assumption that the remaining areas of retina,

are of much less importance.°

It is now however a growing realisation that the eyes are
concerned not only with cemtral foveal vision, but through
the whoze eyé, with the total organism of man.
For it hes been shown that much of the nerve cirbéuiting
from the periphery of the eye goes not to the visual cortex,
or area of the brain thought to mediate the sanse of sight,
but to the body posturing mechanisms. Whilst those "leads"
which’do'go'to the visual recognition areas of the brain, |
"g0 there in summation only, and then only
when mixed in an undifferentiated manner
with nervous impulses coming from the posturing
muscles of the body, and from sense organs
related to other energy organisations of the
‘ venﬁmmmmm“&
It is therefore impossible to differentiate the functions
of the retina, or as they have been called "vision; in any complete

form of mechanical or atomiskic sense, for although one does

not deny that the organism has certain mechanical arrangements

1. Harmon. Darell B Are we confusing Eyes with vision?
' ﬁ Illum. Eng. April 1953.
2. Harmon. Darell B. Seminar. M,I.T. Sept. 1953.
_ Visipn Brightness and Design.
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certain mechanical arrangements/

these do not extend to the highest level, the psycho physical
stratum. It ié the view of the Gestalt psychologistg that

ﬁhg orderedbarrangement of visual phenomena, as it exists

on the retina, persiéts to the area striata, and that dynamic

self distribution begins beyond this point.i.

“According to Gerard:2-

"So long as our picture of the nervous system was that

of the telephone exchange....the appearance of new responses
seemed to demand the presence in the brain of rather
mysterious telephone operators to shift the plugs.

Now with our discovery of a far more fluid nervous system,
one unceasingly active, and with neural and electrical
messages rippling the whole into dynamic patterns,

which flow from one contour to another as present influences
play upon the condition left by past ones. ' ‘
With such a condition, the arrival of new neural relation-
ships is no great problem.

In spite of this it is upon the "camera concept of vision"
-_'bhab the critéria. for :Lllpminatlon standards. is" based.
These criteria include, visual aculty, Spéed of vision,
brighﬁness of the task or contrast ratios, all of which are
baséd on a study of the central foveal areas. A wider
c@ﬁcept must bé found which will integrate the results of
researches on the total organism, as he is affected by light
at all levels.
1. Katz bavid Gestalt Psychology its nature and significance
o Trans. Tyson. R N.Y, Ronald Press Co. 1950.
2. Gerard R.W The biological basis of'Iﬁagination.‘ ‘

From/ The Creative Process. Ghiselin.
Univ. of Calif. Press. 1952.



Chapter 1.4

| fhysiological cqmponenb. o -

If Gibson}is qoprecb, and Lhere is an adequate correlation
betweéﬁ.bhe image Qn'bhg retina, and the'physicalIenvironmenb,
or in other words an‘adequate variability of senéation

td account for the accurate perception of the visual world,

so thﬁt every variabl?igf tﬁq;physicgl'enyigbnmenb, wasd
transpésed on to the senéory fiéld complebé; this would
accouht for the fact thét desbite the narrow angle of our
field of "fine discrimination” man is able to act with
considérable efficiency on and within his’physical environment,
His theory thilst emphasising the fact that the retinal

image is’hot an exact copy of the physical environment, thinks oflib

2s a very accurate correlate, he emphasises the close

correSpondence rather than the differences.

Such a theory as Gibson's interests the architect particularly
~since 1tvconcerns itself with this correspondence; for it

seems feasible that with a greater knowledge of how the variébles
(physical environménb) act as an adequate shimulus, the architect
would bé able to plan his formal relationships in a much

more posibive manner. It might even not be too much to

hope that such a knowledge would suggestgévmdpé{cldgely,}Q
coordinated relationship between the Light and Matter

&

j.J. The Perception of the Visual Vorld.
‘ Riverside Press. Cambridge Mass. 1950.

1. Gibson
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the Light and Matter/

compbnenbs of the formal relationships.

The claésical stimulus of the sensation of sight, is
combinations of the following variables:
1/ Wavelength of light.

| 2/ Energy or intensity of light.
hpwever this would account only for areas of homogenous
cdlour.patChes of light, and it 1is the traditional theory
that the "mind" in the form of.Gerard's little telephone
operatorl. transposes these Yinadequate"stimull into the

"percepts" of vision.2-

Instead of the single spot type of variation, gibson conceives
the retinal image transposed as a."pétbern of excitation"

on to the retinal mosaic.(the nerve endings of the eye)

He draws the analogy between the bank of electric light

bulbs, over which a pattern may be played. The electric

light bulbs do not move in relation to themselves, but the
pattern of exéitabion gives the,éffgct of apparent movement

in relatiqn to the pic;ure.

In the retina, the nerve cells (neurons) are in an anatomical
felation“to eachother (as are the bulbs), but when a pattern

of excitation is transposed on to them, they are in an

L e

1. See;grevious reference. Chapter 1.4

2. The dynamic self distribution of the Gestalt psychologists,
is a far wider concept than this traditional one, and
does not seem to me to be incompatible with parts of
Gibson's work.

\
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they are in an/ |

"ordinal" relation to eachother, or an adjacent order that
,gi&es bherpattern. When the eye moves the ordinal pattern
is pregervéd though yourmay be aware of a different part of
the pabpern; whilét the anatominal‘pattern, the neuwolog-

ical structure, undergoes a complete rearrangement.

Gibson distinguishes bete@een the phenomenal visual worlals

as I have defined it, which is mediated by the surfaces

and edges, shépes and interspaces of the physical environment,
and for which there 1s an adequate correlation of stimuli,

and the visible ideal.which 1s the summation of man's knowledge
about a certain thing, and concerns the people, symbols,

places, signals, and objects of the everyday environment.

A common basis is themfore found for man at the phemomenal
level, since what Gibeon calls the "literal Visual World"

is the same for everybody, to the extent that bhey are in

the same place at the same time, differing only to the

extent of abnormalities of the eye, or structural differences.

The'aspéct of Gibson's theory which'most‘inbeeests the arch-
ltect, 1s the data on the ordinal pattern of stimulation,
since this is what accounts for the accuracy or lnaccuracy,

of the "information" ooncerning the physical environment.

1. Which he calls the Literal visual world.

2. Which he calls the Schematic Visual World. From the word
schema, meaning a vague standard arising out of past
' experlence, placing new experiennes in new contexts.
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In order to make this point clear it is necessary for me

to go rather more deeply inbo the theory, in order to

show an example of how this may be used by the architect;
it'ls felt that a greater study of other aspects of Gibson's

data from this point of view would be profitable.

,Ear}ier in this chapter I have suggested that one aspect
of the information that man needs in order to act on and
within his environment is ( Point 1/ )
"Information concerning the physical environment,
which for the purposes of this thesis would be the art-
ificial physical environment created by the architect.
This would be concerned with the maberials, the
spatial relationships, Planning, in fact the whole

"richness of experience which the architect is able
to provide. 1, ’

What are the properties of the physical environment, that
yield this information, and how doAthey yield it, or in

what manner?

1/ It is composed of surfaces, ques, shapes and interspaces.
é/ It has a three dimensional property. It is seen in depth.

3/ It is stable and boundless. |

4/ it is coloured, textured, and has properties of light and

ehade,

1. ¥e are now considering this information at the Physiological
level, and from the visual point of view.
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Gibon gives the following data as to the nature of the
ofdinal stimulation which yields these properties of this

particular agspect of the information.

1/ sgffécesfk
The general condition for the perception of a surface
is the type of ordinal stimulation which yields texture.1'
i;;JSurfaggs are of two fundamental types; frontal, those
whipp grevtransverse to the line of sight, and longitudinal
those which are parallel to the line of»sighb.'Fig;tl4é1'
A textural gradient can be considered either from its
gross compoéition, the roughness of a wall or a ceiling,
or from the point of view of its micro-structure, which
_equally well med;aﬁes a gradient of texture. An example
of this might be the work of the bubch painters, who
reproduced the'texbure of velvel in their paintings, by
attempting to recreate the similap ordinal stimulabion
of the eye. The Impressionﬁists attémpted to‘aéhieve :
the same effect by an approximation of the total stimulation
rather than a microecopic‘analysis of its individual

parts.

1. Types of stimulation such asg a clear sky, which has no

resolveable texture, is not seen as a surface.
The light sensitive neurons of the retinal mosaic, react-

to gradients of stimulation, one of which is this gradient
of texture. Such gradients Gibson considers to be capable
of mathmatical interpretation.
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Edges; A , A

Thé general conditionrfor bhe'pergeption of an edge, is
the type of ordinal stimulation consisting of an abrupt
transition, bebween,gépipa},grgdienbs, a jump between

the two. This is clearly indicated in such a gradient

as that of brightness, or'bf texture, Fig. 1.4.2

éhapes.

This is considered at thls point as the projected- shape
of the rétinal image; defined by its surfaces and edges
it has a projected contour and depth shape.

The geﬁeral conditions for the perception of shapes being
5radients of Texture, and intensity.

The depﬁh shape 1s given by changes of gradient, or of one
fate of»cqpvergenee of a gradient to another.(as_opposed

to the contour or edge, which is a jump between two) Fig.1.4.2

| Interspaces.

2/

1.

As the_background to objects, or the spaces iﬁbebween,
bhe."interspace" is however not seen as an outline or
cdntour1f ‘ |

Thevgeheral condition for the perception of an intePSpace'

is the same as that for frontal and longitudinal surfaces,
Its three dimensional prpperties.

It is in fact difficult to introspect sufficiently to

'see it as an outline for experimental purposes,

79



MEDIuM GRADIENT
CHANGE .

SLAMN r-.tq

SUI-LF

FRaNTAL
SURFACE.

No GRADIENT
CHANGE

A LONGITUDINAL SURFACE..

S T EE® GR A D IENT

FERRRRR R RN

cre.

ComRNER 'cfan e mfe_o
o 1:;3,/:‘ sng fale 7 CoNTaUR f/ ﬁ'urm/.n

radients,




Chapter 1.4

Themperception bfvdistance cannot be so precisely defined as
inhthevprévious case, since‘it is{nqt a simple stimulus,

bgt rabher nust be thought of aé the summation of all the
stimuli acting updn bhe_retinalymosaic. This is suffiéient
in ordinary circumstances to give the impression of a world
'extgnéing 1n distance away from the observer, without any
"extra-interprebation"‘on the part of ﬁhe mind, or of Géfgxd’s

little "telephone operator".

‘Insbances will occur when interpretatioh of the facts given
by the senses, will require the uﬁilisation of all ones
previous.knowledge; such an insbance‘mighb be in the
judgemeﬁt of the distance or height of aircraft. The same
ordinal‘stimulatipn of the retina will be given for an
aircrafb'of 50ft wingspan at SOOft, as will be‘given by
-an‘aircraft“of 100ft wingspan at twice that distance. In
a blue sky with nothing Eo which these may be related (further
cues being absent,) the observer would hakve to call upon
prgvious.knowledgevof silhouettes, engine noise and other
such data in oder to Judge distance. ;I show an example of

this, where the cues are insufficient. Figure. 1.4 3

However in the normal physical environment the perception of
depth is largely reducible to the perception of longitudinal
surfaces, for which the stimulus corredates have been given.
The grbund 1s the main surface, but in the artificial

environment the walls and ceilings are also of value.
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FIGURE,1.4.3,

Restricted cues for distance,

In thls example, there are instances where it is imp

to tell whether the object 1s large and at a distance,
and small., It is in fact only when one object:obscure
that thelr relationship is at all clear, The fact tha
objects are glass gtrips, mekes even this cue doubtful,

- A

There 1s here then a lack of the sort of cues that are nor
present, and which total up to give the effect of distance
the everyday environment. Hed 1t Dbeen possible to consider
the background as a surface, to : j

related as a ground, it would nediately have =
regpective distance he 8 8 are however hun
plane above to which even the strings x be

1ally
in
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When discussing interspaces I showed that this was a question

of the surfaces involved, and it 1is these surfaces which may

be thought of as the main variablesof distance. For as the

density of texture of a surface increases, the distance is

seen to recede, whilst if the density is decreasing, the

surface is seen to advance. The reversal of a gradient

of density, is seen to yield the reversal of the surface,

as illustrated. Figure. 1.4 4

Aithough the surfaces, and most particularly the "ground"

surface, are consldered to be the most important variables

of distance, I have stated that the perception of the third

dimension is the total result of all the stimuli available;

what bhen.are these other stimuli and how are they related

- to the pabttern of ordinal stimulation of the retinal mosaic?

1.
2.

a) Gradient of size. | |
ThlB may be considered in a similar way to the gradient
of density, since with mosb natural distributlons1

the size decreases with distance. Figure. 1.4.5

b) LinearygerSpeCLive.
Particularly in the artificial enviranment which we
- are considering, the perspective of the paﬁmer is one of
the’cues...straighb lines converging towards the horizon.2*
Treeé,'pe0ple, windowe in & room, grass etc etc.
We know, or have the visible idea that they do not, however
as an aspect of the phenomenal environment, this very

convergence -tells us the lines recede, rather than that
they become closer. It is the perception of a constant scale,

239 §



An example of the reversal of a surface, by the reversal of
gradient.

)

The top plcture would seem to represent a sky extending into
the distance, the gradient being less dense at the top, and
more dense at the bottom. It gives the impression of a2 "ceilinz"

surface.

As may be seen from the bottom inset, it is actually a pi
of a lake, of ground surface, with a reflectiion of the sl
in it. It has been inverted to give the effect of a sky.
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Chap ter 1.4
Such lines of this linear perspective would be given
by'the edges or corners and would cbme under the same
patternkbf Qrdinal stimulation. ‘

c) ﬁinoculap perspectivé. bue to_man having two eyes
which focus’on a point of fixation, objects nearer or
further from thig point have a gradient of binocular
disparity. ‘ 7 | o A
Between the nose and the next visually adjacent surface
'ﬁhere is condiderable difference between the gradients
pf dispariﬁy, which gives us the impression of empty
space between ourselves ahd the nearest object.

d)Motion pérSpecbiVe.‘ Decrease of movement with distance.

e) Aerial PerSpective. Increase of haze with distance.

T) PersPectlve of blur. Decrease of clarity outwards from
the central foveal area;.(decrease in number of cells)

g) . Relative upward locabioh. The natural distribution of

objedts against a ground. Against a celling this
‘would be reversed. 7 ‘
This list from c) to g) are probably of less importance to
an understandlng of the adequacy or inadequacy of formal
relationships, from the archltect s point of view. But all

of them to some extent or other in varying circumstances

may contribute to an appreciation of space.

There is however a further list which may be considered as
"depth at a contour". In discussing the type of ordinal stim-

ulation which is the correlate for shapes an introduction
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an introduction/

to this has been given. At that time we were condidering only

- edges and conners as projections of the image, rather than

their inherent three dimensional properties. ©So that to

the
. ih)

1)

3)

k)

1

See

LA

abqve iisb'may be added. v _ B

An increase of density of texture, on the more distant
‘side of an edgé.

A'change in the rate of convergence of a gradient on
either side of a contour. This giwges its thfee dimensional
quality, rather than ibs distance-from-you property.

An increase in the relative shift towards uncrossed
double imagery!-

Shift in the rate of motion. A more rapid displacement..
of texture elements on one side of a contour, due to |
movement of the observer's head. |
Continuity of outline or completeness. Near objects
generally more gomplete.‘ |
Gradients of intensity. light and shade. This gives
informa;ion concerning the depth shape, rahbher than.
‘the distance-from-you, since it is dependent on the
interré}ationship between the light, the matter, and

the man,

Figuze 14,6,

1. For a further description of binocular disparity see
Perception of the Visual World. pP.106 Gibson J.J

Y



ntinuity of outline.

.
he complete form, covcrs'
¢ more distané form,

o~ -
o Tt

o

LCorner,

strates some of the stimuli for depth shape
0 have adequate correlate ]

Other cues which are not present due to the nati
graph are as fo e
Binocular effect t
Gradient of blur. Due
the foves.
Motion effect.

e e I i -
Haziness with distance,
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3/ It is stable and boundless. '

quﬁurai and visual stimulationAare reciprocal for the mediation
of_an upright and stable visual world.

However froﬁ the visual point of view under consideration,

ib is égain'a QQestién of the ordinal stimulation of the
retina. For as a man is confronted with a view, he samples
bhe'cdmplex Qrdervof contours and gradients of bhe,poténbial’ )
360degfe§.image.in a panoramic succession. | |
As his field of view changes, the ordinal stimulation of

the retina becOmes a.serial tfansformdtion, having neither

a beginning nor an end, and as time goes by he will have
;ampled bheviight flux at a great many differénﬁ éositions,

in such a way that the "information" that hé obtains will
be‘séen to approximate that of someone.elge‘ﬁho ié present

ab the same time and the same place.!.

In_this tfaanormation of the ordinal pattern, certain
feabufeS'are preéerved, which givé the effect of the stability
gnd‘bouhdiessness of the visual world, and others are not |
éreser?ed which give the impression of the observer's head
motioﬁ; It 1s particularly important from the point of}

view of .the architect, to know which of the features are

1. It is common knowledge that were two people to be placed
in such a position, and then asked to descrlibe what they
"saw" the description would probably be more accurate
from he who is considered to be more "observant. The
information in both cases would have been the same, bub
its selection and summation into the visible idea,
would have differed. '

‘B4
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the features are/’
preserved. A few that are suggested are as follows:
order
continuity
points to points ‘
-~ straight lines to straightlines.
Whilst the properties that are not preserved are
the metric properties of lines
the projected shape
angles. '
Such a gerial transformation as has been suggested would
account for the fact that we move whilst the phenomenal

world appears to sbtay where ib is.

&/ It isvco1oured,téxtured, and hes properties of light and
éhade, A ’ ’ '

éolquﬁ is mediated by the wavelength of the light, whilst we

have alregdy discussed texture as a coreelate for surface.

For the retina to be stimulated there must be light, and

it is raystbf‘this light which determine the specific

stimulation of the retinal mosaic.

From this discussion of the stimulus correlates of the
phepoménal_environment, what are the main points that the
architect Vmight,_'_bev able to utilise when considering his
kfb:mal}relabionships‘in the light of "information"?

The most important point is that "texture" is. of supreme
imporsgnce in all.aSpects of the physical ?nvironment,
whebher it is in the conveyance of information about a sur-

face, or a shape, or the three dimensional quality of space.
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In_order to show how such data.as this might be given a
ﬁraptical application, an architectural example might be
chosen to illustrabe some of the points,

| EXémple of a staircase.

Ilhave discussed earlier the sort of "information” that man
ﬁeeds in order to be in a position to act upon the stair, and
thég at the level we are discussing would be information

of the helght of the riser, and the depth of the tread, and
the three dimensional quality of their relationship. He would
want bo know that they were stable and se£ into the coordinates
of his three dimensional boundlessspace. |

As can be seen all this information is givem by the properties
erthe physical world which I have discussed, by means of

theJqpﬁyéléﬂedi"ordinal stimulation" of the retinal mosaic.

It is the architect's job to present this "information" in
an acceptable hanner, and 80 1t can be seen that each cue

can be considered at this sensory level.

for example:as the texture of the surfaces of the stairs, 1is
oné of the important conditions, both for the perception
ofmphe.staircase as surface, and for its three dimensional
prééentation, it is ob#ious that the choice of texbtural
quality of surface is ﬁerhaps the one single most important
factor. I have suggested that by the reversal of a gradient

_ of‘texbure'bhe surface can be made to appear reversed, likewlse
if the lowest level of a stalrcase is of a different gradient
to the stairs, as is often the case where the staircarpet

ends at the base of the lowest riser, and the floor carpet 86
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the floor carpet/ | A

begins, inaccurate information may be passed. For if at
bhe point of decisibn as to the man's motor action, his
visible ideale acts on such inaccurate phenomenological
information,'the result may be an uncordinated environment
at best; and at worst an element of denger.

Fof in bhis case it.may happen bhat-the edge of the bottom
stair may be less visible due to the fact that the gradients‘
of texture may appear the same due to the difference in
height, 50 that the edge being less clear either the man
‘would misfudge the number of stairs, or with other textural
combinations he might misjudge the height of the bottom
riser. In normal cages where the illumination of the stair
case is éuffigient to give a2 sufficilent number of cues,

an actusl disaster is unlikely, but where the information
is lacking, such as the.gradients of size and perspective,
due'to inadequate illumination, it is thought that this

can account for many household accidents.

It is thought that it is only by a truly coordinated
combination of the textural gqualities, and the light,

that a holistic solution to the formal probiém is possible.

1. Visible 1dea. It is thought that in the ease of the
man who is familiar with a staircase, his action is
determined at a lower level, and that in fact much of
man's action on and within his environment, may be
the result of the sensory stimulation, without further
summation with activity of the brain. In the case of the
stalr case it 1s partially a learned mechanical pattern
of movement.

87



Chapter 1.4

Another example will serve to show how the stable and boundless
quality of the visual world has been used a8 a tool, this time
not by an architect, but by the film producer of the french
film "Les.Enfants Terribles" by Jean Coéteau.

In order to achieve an effect of -tremendous “space“ within

a building, he limited the angle of the camera, to the grouad
surface, so that at the top of the picture there was an
}ngrease of the density of texture, and at the bottom a decrease.
Within this surface, he placed firstly chandeliers which were
hanging, and appeamunrel:-ted to this "ground"surface, which
added to the boundless quality by an assumed limit somewhere
abbve from which they hung,. ' Then in the centre of this

space a smalle§>5pace wés set up, by means of screens, within
which_é good deal of the action of the film took place.
Toyﬁhislvisual»aSPegt the sound track added the hollow sounding

footsteps of the uncarpetted, and limitless house.

The whole effect was most impressive in what otherwise

was an éxtremely poor film, for here the film director

has limited his cues to the thrée dimensional quality of

bhe gpace'almostkenbireiy to the ground surface, and the

- relationship of the various screens to this ground surface,
coupled wibh_bhekserial tragsformétion effect of the various
presépved,featurgs‘of Lhe environment, such as the continuity,
and order, as the camera moved. The éhandeliers again adding

considerably at the point of movement.
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A final example might be taken from the data on the gradient
of intensity, which 1s shown to to give information of the
depth shape, rather than the disbance, since intensity does
not correlate with distance.l-

Shaw has tried to show examples of the way in which straight
gurféces can bé bent by the means of light, What he was doing
wag trying to superimpose a depth shape by means of illumin-
gﬁionvalone,Q- 7 | -

However in the examples that are shown, the fact that the
ﬁall»is physically stralght 1s given by other cues which are
ap variancelwith the gradienb'of illuminabion. For whereas
the former relieS’on-bhe relationship between the observer,
the object and the light, such a cue as the property of the
spraighb line, at the basge and at the bOp of the wall is

invariant with any relationship, and is much more persistent.

An_gxaﬁple where this has however been used with a greater
degree oﬁ success, was in the 18th century theabres in London.
Here an artificial gradient of illumination was superimposed,
by painhing the actually flat surface of the auditorium ceiling
as though it were a concave dome modelled by light. _
In such a case, since the invariant gquality of the line
would be the same either for a flat circle, or a dome base,
the result was fairly convincing. It 1s interesting to
1. The visual world does not get darker as 1t receded.
The inverse square law applies to points of light, butb
as the number of these points increases per unit solid
angle with distance, the illumination does not get dimmer.

2, Shaw. David Light in Architecture. M.I.T, Thesis 1948.
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interesting to/

gpeculate that this "trick" was in fact a better solution
ﬁq the“brobleﬁ of creating an acceptable "space"” within

the theatre, than the later vistorian examples, in which an
acbugl dome replaced the flat ceiling, havingvdiséstrous

effects on the acoustical properties of the hall,

The foregoing discussion of Gibson's data, by no means ex-
hauéts the architectural implications of his work, and
whilst Space‘forbids a further‘eXploration, it is believed
that a clearer idea of all the information that man recelves
from his physical énvironment1‘ may be obtained from

studies coordinating the properties of the physical environment

with their correlates on the retinal mosaic.

bynamic equilibrium. | ,
In addition to the information itself, which I have shown
to be of importance, from a structural point of view, there
is a further fachor which the architect must take into account,
this is the dynamic'tendenqy af the eye to regain its
capacityrbo perform, or its full retinal sensitivity, which
is to say that the internal forces2s of the mebtabolism

are working to achieve a balance, or dynamic equilibrium.

1. As set out earlier in this chapter.

2, Kepes.G The language of Vision. Paul Theobald 1948.
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As the stimuli in the form of}light patterns change, these
changes aré balanced by the retina, and as far as possible
the.funcbiqn of theAeye as an instrument for viéion is
mainbained. 7 | ‘ _

An example of this is when fabigue of the photoreceptors
rbof the gye is caused by a certain stimuli distribution,
the organism is such that it is able to bring fresh neuro
musculér units into action, for instance in the case of
colour, ° According to the Young Helmholtz Three receptor
hypothesis, ﬁhe eye has three areas of receptivity, in the
blue green and red wavelengthsl. Sq that if the eye is
adapted'tb séturated light of a blue wavelength, the

sport wave receptors will be fatigued relative to the other

two, so that were a white light to be then played on to the

fi8ld of view, ;assuming this white light to have equal
energy at all wavelengths) then this will not appear white

but a mixture of red and green, namely yellow.

So that it can be seen that the problem 4 colour has three

determining factors

1/ The energy distribution of the light reaching the eye.
This is the physical component, which I have shown to be
the resultant of the light and the surface. o

2/ The manner in which the three receptors are affected.

3/ The state of the three receptors ap the time.

1.Evans.Ralph M Light sources and coloured objects.
. I1lum. Eng. Jan 1949,
An Introduction to Color. Wiley 1948
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Each»impact on the eye from the formal relationships of the
physical world, has 1its Consequent reaction on the gye as
a’whole system, apart from the retinal mosaic; for instance
when the eye is bombarded with a sudden beam of lighb, the
‘aperture. closes aubomaticaily, by a reflek muscle action,
and remains reduced until such & time as the light pattern
changes. Such an adaptation of the eye to exterﬁal stimuli
is automafic, and results not only from the impact of

1ight Qn'the central foveal areas, but from.the total

brighﬁness pattern acting at the time. 1.

This is important from the point of view of the architect,
since when a person is wanting certain information from his
environment, such as when reading a book, if there is
a source_of muqh brighter light on the periphery of his eye,
this will affect his total adaptation pattern, and will
1ower‘his effieiency. He will attempt to compensate for this
by "concentrationon the task of lower brightness, but
suqh an effort sets'up a‘steess, which in certain circumstances
can be most uncomfortable.
Due to this "adaptation" effect, sudden changes between one
leyel of illumination and another require some time for the
necessary readjustment. ~For thouzh the eye is sensitive
1. A dramdtic example of this is when driving at night,
the eye being adapted to the pattern of street 1lit
by the headlights of ones own car. When someone else
appreaches with undimmed lights, one experiecnes a period
of temporary blindness, which can be dangerous, even though

readaptation to the previous brightness pattern is almost
instantaneous.
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i1s sensitive/
tg an intensi@y range of the order of several million to one,
it accomplighes this by a dyﬁamic change of its overall
sensitivity, Thé range ofrsimultaneous sensitivity differs
from‘low.levels’to high levels of Intensity. -

Low levels, 10 to 1 rangevonly.

- High Levgls. 1000 to 1, in daylight.
The adaptation time from 1Qw levels to high levels is com-
paratiwy fast, whereas from bright sunlight to the level
of brighbness in a photographic darkroom, may bakevas long
as half ani hour. The architect has need of such information
as brightneés ranges,vSince when the occupants of a house
are ésleep, 1t 1s necessary that any lights that are left
on in'order to facilitate safe movement during the hight,
should be within the'rangevof sensitivity to which heé. isg
adaptated.: Alternatively when a person is adapted to the
lights df the interior of a house, 1t is nécessary that the
lights of'his_garage; and external parts of the house may be
adjusted to form a continuous scale Qf adaptation to the darkness
of the night. Such an approadh ﬁould assist man in dealing
with the problem of night adaptébioﬁ in a more realistic

manner.

At low levelsiof illumination the maximum sensitivity of the
eye falls at a shorter wavelength than that for normal vision.
A ébudy of the photopic and scotopic curves will show this.
This means thatkas far as brightness is cbncerned,the eye

will perceive as brighter the yellow wavelengths at high
' 03
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at high/

levels, and the green wavelengphs at low levels of illumination.
This fact may be_observed at night when green leaves appear

as a Brighter grey, than red flowers, or yellow leaves.

This is known as the Purkinje phenomenon, this is a further
fact that the architect may mé&ke use of in planning the

external parts of his building, in order to make use of

what little natural light there is at night.

The whole subject of colour is too wide to attempt to cover

in this thesis, and as there are excellent books or references ‘
which may be helpful to the architect, I shall not deal with
other physiological aspects, such ag chromatic aberration

which leads to advancing and receding colours, since these
facts are fairly well known to architects, in the simple

terms that I can deal with them. Spatial effects can be

caused by the use of such advancing and receding colours on

a plain surface.

It can be said thdt colour harmony has its basis in these
ﬁhysiological laws, for it is due‘bo this dynamic tendency
of the eye to regain full retinal sensitivity, that |

the laws of complimentary colour harmony are to be found.
For it is in the relationship between the ‘physical component
of colour, and the human component that the architect must

seek for the harmonies that he wishe8 to create.
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Psychological component.
It is necessary now to consider the "information" from the
third aspect that I mentioned, namely psychologically,
since up to now I have considered it only from the physical

and physiological viewpoints.

From discuesing the process as a whole, I have discussed
the first stage of the process, am to how "information" of
the physical environment 1ls conveyed at a phenomenal level,
to the nerve endings of the eye. It 1is necessary now to
discuss how this information, 1is used by man, and how 1t

becomes the visible idea upon wiich he may act.

There is a difference in the Gestalt approach, to the psycho-
physical theory of Gibson; since the former suggests that

the form is produced by a characteristic achievement of the
central nervous system, from the inadequate sfimuli from

the physical-environment., by & process called sensory
organisation; whilst the latter, assuming that the retinal
sbimulation contaiﬁs all that is necessary to account for
visual perception, considered the Gestalt hypothesis as
unnecegsary. For in such a case "form" is not "the thing"

but only one of the variables of "things?

However Gibson's theory raises the question as to what is
the reality, or the "thing"? for instance to revert to the
example of the transparente of Tom% at Toledo, if its form

is considered a variable of the "thing", what 1s thés thing?
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Is the thing to be thought of as the moulded pileces of wood
gilded and set into a physical relationshiip with each other,
and’ illuminated? or is the "thing" considered to be the
visible idea that a person wio is looking at it has?

One is again back to the irresolveable argument of which comes
first, sb that perhaps éishop Berkeley's way of looking at

it, as a "whole" visual process is more profitable.

For in this case it would be seen that the man summates the
phenomenal information of his environmént, in a way depending
on his structural attributes, his state and his activity,

into a visible idea upon which he may act, so that the same
man may have very different visible ideas about the same
formal relationship depending on these factors. For he

may at one time look at the transparente, and see it as the
Visible idea of a transcendent God, whilst yet again he may
loqkﬁatAit and see 1t as the fine craftsmanship of his

friend, er yet again as a gérish."ornament" symbolising
nothing...since all these visible ideas do. occur to man, when
the phenomenal data ls summated with the total stimikli pattern,

and acted upon by his characteristics.

Such‘a naive concept would leave room for experimentation

with Gibson's data, and yet recognise that it is the formel
qualities of the physical environment, that are variables

not only of things, but of visible ideas, which‘ﬁre continually
changing. Whilst it 1s the "visible idea’ that is produced

by the characteristic achievement of the central nervous:

system.
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The question of importance to the architect, is at what
point in the process, or at what level of the central nervous

system, does the establishment of the visible idea emerge?

From Lashley's exXperiments with monkeysj.it 1s seen that
response to patterns of light flux takesplace after those
areas of the brain thought to be connected with vision have
been removed, so that behaviour of certain types can be
accomplished through the lower levels of the central nervous
system without resorting to the cerebral cortex.Z2.

Each cut from this area of the brain will remove previously
léarned patterns of behaviour, but will not stop the monkey

from relearning.

Moreovsar ﬁcCullogﬁ'has shown that by a measurement of brain
waves, a differance can be established between the brain
waves of a person sitting doing nothing very much, whose
waves are 8-10 per sec, alpha waves; and the‘brain waves of
a person who percelves a form, where waves in the order of
20 per second make their appearance. Such an alteration
of brdain waves can also be induced by the subject sitting

with their eyes closed and thinking about the percept.

It is possible to assume from this that the establishment

1. Lashley XK.8 7 . . * 7. EXperimental analysis of
Instinctive Behavoiur,
' Psychol.Rev. 45.
2. The bark of the brain, where the “"visual areas" are thoug&i to
e.
3. McCullogh. Contribution to Seminar. Vision Brightness and
Design. MiI.T. September 1953. 4 o7
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the establishment/

‘of what I am calling "the visible idea" 1s expressly a fanction

of the cortex, whilst certain other responses by man are

accomplished at a lower level of the central nervous system,

The architsct is however interested in all levels at which
the informabion froﬁ his formal relationships is used, since
I have suggested that he must cater to man's needs at all
ievels.} At the physiological level, where information
concerning his spatial orientation is used; and equally at
the psychological level, the formal relationships must be
designed to assist the visible ideas upon which he acts

'upon and within his environmént.

For instance it would be incorrect to assume that the formal
relationships act on the individual purely at thé lower
levels of the central nervous system, but rather it would

be more accurate to say that this 1is dependent on the place

and the time.

For example, when a person is looking at a view which he has
come to see, he will,when looking at it, have very definite
visible ideas about it, ‘as opposed to the man. who,having

been walking for some time in a terrain of which this sort

of view is common, may walk past "looking at" the view without
resorting to any visible ideas about it, but rather using

the information given by the physical envirpnment, ?urely

in order to walk. .
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A further example might be the case of the man who on first
entering a new building, may have very definite visible
ldeas from the bombardment of new fofmal relationships, depending
on his structure, his state, and his activity at the time;
whilst after he has béen through it often, he may not

resort to visible ideas at all, since his action, that of
movement through the building may be faclilitated at a lower
level, if the information is adeduate.

The ideas in his head at the time being of many different
natures, so that if he 1s worried about something or other,
or if he is just not thinking at all, the visible idea will
not be necessary for him, until such time as some "incident’
of the environment forces "action" on him in relation to
this environment, such as an accidenb. |

One often hears the expression "he walks about with his eyes
closed". In fact we know that he would be unable to walk
about with hls eyes closed, and still act with the same
degree of efficienty, which a knowledge of his spatiai
orientation gives. Vhat is meant is that he uses the inform-
ation from his environment, oﬂly at the level necessary to
perform the task of walking, so that he does not call upon

vigible ideas aboutbt it.

Architects are often surprised that the general public do
noﬁ‘observe their carefully placned formal relationships

in the manner which they would wish; bgt the reason for this
is thet the arbhitecb being concerned with the problem,

has a different outlook towards his building, and towards the
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and towards the/

rbuildingsvof others, they are searching for the visible
expression of all soris of spatial, and formal experiences,
they are consciously secking the visible ideas which the

' building holds for them, whilst the average man is merely
utilising the information of the formal relationships 6f

the building to enable him to act on and within it:

Perhaps it would be possible to summarise this by éaying
"That man uses the information of the physical environ-
ment, only to the extent that it enables him to act
according to his desires at the time, this extent being
dictated by his structure, his state and his activity.
and this information is used at & level of his central
nervous system sufficiently high to meet this need."
One of these desires might be considered bo be the
need to be "delighted" by his environment, to experience
with the curiosiky of the child, the unity, and the variety,
contrest, and motion, in fact the whole richness of the
environment. For the child is like the adult'who goes to
the city for thé first time, amd goes in a state "receptive"

to his environment.

It may be considered to be in the psychological laws of
Unity, and variety and consrast, and clarity, that the means

of satisfaction of this receptive state may lie.
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It is possible that whenkis bombarded by the contradictory
information, the disunifled formal environment of the contem-
porary American bown,.with its chaotic advertising, street
signs and buildings, or the monotony and drabness of the
19th century English Industrial town, he is saturated with
information that he does not want, together witin the inform-
ation that he needs in order to orientate himself to his

environment, and to act, which may be to move within it.

In self defence he forms as little of this physical environment
into visible ideas as ié necesgary for this performence, so
that he acts on his information only at the lower levels

which are absolutely essential. His needs for delight

are stultified to the degree that with time he gets 8o used

to shutting out the environment, that he is quite unable

to "notice "it at. all; being inhibited it dies, and his

visual sensitivity is irrepar&le’destroyed. Such a sequence
would seem to be the only way in which man could possibly

exist at all in many of the “gaé station" towns along . .

contemporary roads.

It is necessary for the architect to reconsider the psycholog-
ical laws, if this need for “delight" may be rekindled for
those for whom it has already been destroyed, and may be

satisfied for a new generation.

~1.It 1is to be hoped that this is too strong a word.
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PART 1.

Introduction.
Man, Light and Architecture,

Chapter 1,5
Flexibility.

As an Introduction to my thesis on "Aspects of Flexibility"
of Architectural Illumination, I have tried to show the
relationship which exists between Man, and his physical

environment, or more specifically to Light and to Architecture.

From the foregoing discussion, certain concepts have

been put forward, which have lead to the following:
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Chapter 1.5

"It is the task of the architect, by the use of

his knowledge of the interaction of 1ight and matter;

to so arrange his formal relationships, that they may

mediate the specific information which man needs for the

perception of visible ideas, upon which he may act

within and upon his artificial physical environment,

in a manner acceptable to him."
It has been pointed out that the formal relationships of
which the architect is concerned are nct only visual ones,
but that since the main subject of this theslis is architectural

illumination, I.am. concerning myself with:this visual aspect,

In this sense I have shown that the formal relationships of
the architect may be thought of as "information" to the
.degree that it is upon these formal relationships that

man forms his "visible ideas" upon whichhe acts.

I have dealt broadly with the subject of this "information"
from three appects, the value of the information itself,

the manner in which the informatlion is conveyed, and the
subjects about which information is needed, all of which may
be hhought of physically, physiologically and psychologically,
in order to show the varying importance which may be attached
according to the individual program,of "information" in

this sense,

For there are occasions on which the information cannot be
thought of as "needed" at all, as far as we at present
understand man's needs. Yet the resulting formal relationship

adds to man's richness of experience of life.
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An example which illustrates this point may be taken
from a recent book about the occupation by American Forces

of a gmall town on Okinawa.1' A teahouse is being built,

Interpreter. "...but now Hokkaido wants some water to fill
the lotus pond,"
Captain, " water, where will I get water?"
" He don't know boss, But tonight we have a

Interpreter.
i party on the veranda, and the men's league
say we got to have rater in the lotus pond.
The Paper lanterns don't make pretty llghts
unless they shine on water,'

The architect in creating his physical environment, cannot
think of man's needs from bnly a physical, or only a
physiological, or even only a psyghological standpoinﬁ, it
is only when man is treated as a totality, that his needs,
and those other aspedts which are broadly spoken of as

needs in a psychological sense, can be approached.

I have shown that the variables of his physical envaéronment,
are the variables of light and matter; or illumination, and
those materials, of stone, wood,glass,and brick of which

his buildings are constructed.

The following parts of this thesis will concern themselves
wlth these variables, in terms of the neéds of man. Tor
if it can be shown that man is a variable creature, that

he has nesds which differ with age, with time, with place

1. Yern Sneider. The Teahouse of the August Moon, Putman's
N.Y 1951
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Chepter 1,5

with place/

and with occupation,'and that such differences of man may
be assumed to call for differences of the physical environ-
ment, then light becomes an important element in the
vocabulary of the architect as a tool by which variability
of the physical environment may be had without considerable

extra cost.

For whilst due to ‘economic presgsures, the amount of space
that is available for certain architectumal programs, 1is
becoming increasingly limited; by the use of this tool, the
~richness of man's experience can be increzsed, and the

physical environment suited to his changing needs,

It .will be shown that such a "flexibility" as I have in
mind, has not‘been entirely absent in the past; and by a
study of the means that have been hitherto employed, and
by a more comprehensive approach to the problem, I shall
showrhow a single architectural program might be treated

from this viewpoint.

The program that I shall consider is the modern "living-space}
I shall consider to what @xtent such an attitude as I have
formulated has been evident in the past, is at present evident,
and how this might be approached in the future. I have
already suggested that the modern home is the most 111~
considered of all architectural programs from the point of
view of architectural illumination, and it is hoped that such
a study as I suggest, may be a contribution towards an overall

concept of Home Lighting. 105
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PART 2,

Initial Premises.

Chapter 2.1

Man is wvariable.

As an introduction to the forthcoming discussion of the
possibilities of flewzibility of formal relationships, offered
by architectural illumination, it 1is necessary to

state the initial premises on which such a study can be builb;

~Such a basis must be sought in a study of man himself.

The first of these premises is that lan is a variabde crea-
ture, and many instances of this variapility might be shown,
I shall however limit myself to a general statement as bto

this variability, which in no way implieé that there are
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Chapter 2,1

that there are/
not other facets of thils variability that might not also be

shown.

Basically it can be said that people differ naturally by
heredity, and artificially apd.nabg:gliyzby environment.

' The hereditory differences cease at the point of conception
of man, being:thqught‘to;deriVeLfrémthe characteristics of
his parenbs; pregsent knowledge seems bto suggest that these
hereditory characteristics have not differed much as a

potentiality in the history of men.!*

The environmental differences, which start at some point
about 9 mths. before his birth, are however the chief concern
of the architect, as the artificial environment in which

man lives is an important aspect of this.

“hat then are the environmental differences that account

for the variablility of man?

Man grows from his prenatal stage to birth, matarity, and
gubsequent death; and this may be said to constitute a
first stage of variability, and at each stage of this progress

he may be said to be the result of environmental influences

on hereditory trends.

1. Psychology. YWoodworth and Marquis. Methuen. (revised 1949)

L 4 oL
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Chapter 2.1

The enviponmenbal influences act on the individual at whatever

stage of maturity he has reached, and on what may be called

his personality as a whole.

f

This individual personality,may be said roughly to consist

of three influences, all which are variables.

1)

2)

Structure,

These are the permanent characteristics of the individual

His anatomy, his arms, legs etc, his glands, muscles,

and sensory organs, his nervous system and his brain

This would include all his genes, and hereditory factors,

with the psrmanent éffect on these factors caused by
the énvmronment.

This would take into account differences due to
location, climate, and his cultural background, his

learned abilities, knowledge. His habits, and his

‘past experiences, together with the good or 111 effect

of such experiences on his physical structure.
Such changes as his structure has made in order to

adapt itself to external conditions in a dynamic way.

State. (bempdrary)

This would be the temporary state of the individual

at the moment at which the environmental influences
were acting.

Thevindividual might be asleep, wide awake, or just
sleepy; He might be hungry, or just have had an enorm-

ous meal. He mignt have had too much intoxicating
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Chapter 2.1

3)

intoxicating/
“1iquor, or be physically ill for any number of reasons
He may be in a state of excitement, over something, so

that his emotional state at the time varies considerably.

The activity of the indiﬁidual at the time.

This is his focalisediactivity; for which he is prepared, and
Wouid éover his actual activity, ..and gstate of anticipation
of a certain stimulus. The men's resvonse to any

outside influence is 2 variable of this state.

ror insténce if a person is developing some photographs

and someone switches on the light, his response is

likely to be considerably different to that had he only

been sitting in the dark listening to music.

These three aspects may be said to represent the variabples

of the individual personality at the time at which the envir-

onment acts upon him. These may perhaps be thought of as a

second stage of variabllity.

The third stage of variability is offered by the environmental

factors acting at the time, examples of which might be:

The time of day, and the season of the year.

. The present state of the weather, sunny or cloudy, warm

or cold.
The location of the person within his natural or
artificial environment.

The characteristics of this environment, light or dark
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Chapter 2,1

light or dark/ _

quiet or noisy, spatious or cramped, together with all

the othef characteristics normally associated with

both‘bhe natﬁral and artificial environments.
These three "stages of variability" as I have outlined them
.are all interrélated, for the man's age istrelated to his
structure, his state and his activity, whilst both are related
to the environment of the moment., ¥With such a continuous
scale of variabiliby, it may be said that man undergoes a con-
stant change; for it is due to this "triple mutation"

that no individual is exactly like another, and trat likes

and dislikes vary to such a large degree,

ﬁy second premige is bzsed on the fact that man being a
variable creature, his needs differ &lso 1o an extent based
on this variation; and the extent vhich man's needs may be
satisfied resulbs from a study nét only of groups but of

individuals.
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" There is always a second field perceived through, or
superimposed on, the visual appearance of the object
contemplated.Though the experient may be convinced
that he is engaged in nothing but purevision
with his retina, he perceives, in fact, with the whole
of his brain, and his perception is modified by the
fields which operate in it: by resonances from his
racial and individual past, floating images of touch
and smell, kinaesthetic sensations of his own ocular movements
and incipient muscle stresses.

The aesthetic experience is always a sign that the object
contemplated represents of symboliges or expresses
something behind and beyond its retinal image

Arthur Koestlerj'

PART 2.

Initial Premises.
Chapter 2.2
Man's needs vary.
Broadly spesking man as a mammal may be sald to have ceprtain
basic needs common to all members of the specieg, such as for
light and air, food and security, ahd within very broad
limits it is possible to generalise as to the fundamental
needs of men. At a different level, it is possible also
to say that certain groups of men have common needs; for instance
men at different stages of his growth has broadly speaking
common needs, sdch as the amount of sleep he gets, the type

of food that he is able to digest and others.

1. Koestler. Arthue. Insight and Outlook Macmillan, 1949 11
1



Chapter 2.2

However ah objectivé study of man's needs at all levels of
his consciousness, can only be based on a study of man as

an individual, rather than as a group, for although it is
simple for the purpose of analysis to put man into categories,
the fact remains that there are so many variables where he

is concerned that such a categorisation is doomed to failure

when it is misapplied.

Such an example of its misapplicabion is when 1t is considered
thab.a certain physical environment will have the.same’
effect, either of pleésure or displeasure on man ag man, for
the fact remains that due to the variability of man, as I

have oubtlined it, the same stimuli will have different
effects on different people at the same time, and different

effects on the same people at different times.

An example of this might be a picture in an art exhibition,
here is the same stimulus for all sorts of'different peovle,
and yet the response varies, as there are people to see 1it.
There may be a general concensus of opinion that they like

it or they dislike it, though there will be many who dissent
from the "popular view", but how they likelit and why they
like it, what emotions it stirs up and in what way it excites
them will vary as there are people there. In other words
the same stimulus will have different effects on different
people at the same time.

Now however an individual buys the plcture and takes it home,

his whole family may be said to be influenced by the painting,
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by the painting,/

but whether they like it or not, their experience of it

will effect their enjoyment of it. In other words as time
goes by, elther the same stimuli will cease to have any

effect on them at all, they will cesse to notice the painting,
or they ﬁill have definite assoclations built up about it
which will contribute to their enjoyment of it, There may
be days on which they do not see it, and then suddenly they
may see it in a new light altogether, as a result of their
own maturation or the interaction between themselves and

the environment of the painting. Yhat is however quite
certain is that they diffef in their reaction at diifferent
times, or in fact that the same stimulus will have

different effects on the same people at different times.
Although it is useful to treat man as man in certain respects,
and as individual groups in other respects, it is evident

that it is unwise to predict responses at certain levels

of man's consciousness when he is viewed in this manner,

In partvl, the introduction to my subject, I have thougnt

6f man's needg in a visual sense, as far as these are the
concern of the architect, in terms of "information" supplied
by light, and tried to show that for this "information"

to have value to man, it must be considered in all its

aspects as being applied to the "whole" man, It must be
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Chapter 2,2

It must be/
thought of in all its aspects, physical, physiological and

psychological, for it to have value holistically.

The preceding remarks on the variability of man show that
not only &oes man-have varying needs at all levels, but that
these needs themselves vary in particular as the individual
varies, or in other words that the information that man
recelves from the formal relationships of the architect,

hag value at all levels of man, and that it hag different

value to different men.

An example of this concept might be as follows

Man as Man needs shelter, due to his fundamgptal need fok
sectrity. This may be thought of as'applicable to all men.

Man as a certain group, needs shelter of a specific type,

such as those who live in very cold climates, need the sort

of shelter that is going to suit the climate.

Iian as an individual however needs & shelter of a specific

size according to his family unit. However man as an
individuél needs more than this,he has very definite prefer-
énces as bto the type of house, the form, the colour, for
although there are groups of people requiring approximately
similar amounts of accommodation, the menner in which this

is provided is very much a matter of individual preference.
This has shown itself as a tendency very clearly in connection
with all forms of "standardised housing" for with prefabrication
of larger and larger units, man has shown increaéing resistance
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increasing resistance/

t0 a tendency which he has thought will lead to greater
uniformity, and to an impoverishment of his individuality.!

An example of the needs of one group of people being different
to tﬁab of another when the conditions are the same, 1is

quoted by Rasmussen in his book on Lpndon;‘speaking of the
Anglo-Saxon inundation of what had been Roman England, he
gays:

"they advanced plundering and laying waeste as they
came, and instead of living in the sumptuous and
uninhabited villas;:they burnt them and pulled
them down, and then built their primitive wooden
huts close by."

However there is a still further variation of need, which 1s
for the purposes of this discussion the most important, and
this is the variation of need that man has as an individual,

thought of in a dynamic sense. For not only do the individuals

have different needs, but these needs vary themselves,

Here for instance one is dealing not only with the first
stage of viriability, which I have suggested as that of age,
but with the second stage of variabilty, with particular
gbtress onvhis temporary state, and his activity.ab the time,
as they are affectedvby his sbtructure. For these vary

with the environmental factors acting at the btime, and one

1. The author believes that this is not necessarily the
the case, since in the ages when men's individuality
was at its highest, the houses in which they lived
did not express any overt necessity to "be different”.
The insides of the houses on the other hand were
an expression of the individual tastes of the owners.

o, Rasmussen. Steen Eiler London. The unique City. - .. 115
Jonathan Cape. 1937. ’
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and one/

can qoote many examples of this difference in mood and feeling

which result from seasonal or climatic differences, or

differences due to man's contact with other men in the every-

day world. )

The satisfzaction of such needs has been of course evident
in the variety of building programs that one sees around
us, to take the example of the restaurant again, there is

a variation of restaurant for every sort of man's need, as
far as price, as far aé;"atmOSphere", so that whatever mood
he is in, he joins this or the obher'"group" for which

need there has been a group solution.

The following Chapter i@ a discussion of this variability

of solution.
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' PART 2.
Initial premises.

Chapter 2.3 |
Total satisfaction of Man's needs may
demand; "flexibility of solution.”
This premise arises from a consideration of the previous
two, for when it 1is shown that man's'variability predicates
a variability of need, it is logical to conclude that
it is only by a‘Ylexibility of solgbion that a total

gatigfaction of his needs can come.

I have shown also that such a need for flexibility has
in the past been partially satisfied by the multitude of

building programs, that have been created in answer to
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in answer to/

the group needs of man.

However this cannot be considered a total solation to the
problem in terms of man. For maﬁ as I have suggested differs
not only at a group leVel but at an "individual level',

and it is satisfaction of man at an individual level #ith

which the architect must concern himself.

This discussion in concerning itself with the visual aspacts
" of such a satisfaction,-is concerned with the formal
relationships of the architect, since these are the architect's

contribution to this "satisfaction”.

An architecbural example of what I mean may be taken from
the factory. In a faétory in which a certain product is
made, the Workers have certain group needs, which are
concerned with the machinery by which the product 1is made,
and their relationship to this, As a group they may re-
quire cértain Yinformation" in order that they may work
efficiently in\relation to their body's economy and in
relation to the machine. liowever all the machinery is
not the same, and each individual case should be made a
study in order to see the exact amount of information
needed as far as the particular process 1s concerned.

Thisg immediétely sucgests that factories in which a general
level of lignting is thought sufficient to meet the needs
of everybody has taken a limited view of the case.

However there 1s another aspect which is of equzl importance,
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of equal importance/

and‘that is that even when the same process is being done,
and the same amount of information may be said to be needed
by man as a group, the manner of the conveyance of this
information must be an individual study, since due to the
physiologicél structural differences of manl!. visual

aculty variations meke it important that those people

who require what may be thoughb of as a "stronger message"
in order to receive the same information ( generally speaking
this can be considered to be higher levels of lighting)

are considered. ror since visual acuity has been shown to
decrease with age, older men have different needs to younger
men. This decline starts with early adulthood, and continues
onwards. Weston has shown that older people work less o
easily with 500ft candles on a certain btask, than younger
people work with % ft. candle on the same task. He suszgests
thét only so much can be done by means of illumination, and
that as a worker gets older he compensates fof this loss

of acuity by the use of a development of his skill.

This is an example of man's adaptation td his environment,
and it is thougnt that no amount of study can lead to

a complete compensation, but such an individual approach

’

as I have suggested could almost certainly partially

1. Weston Researches into the Yariat;ong of visual
' aculty with age. i, I,7,Seminar, Sent 1953
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"partially/
counteract for this difference, and perhaps completehy

avold unnecesgsgary deterioration.

Other exampla;that might be quoted are bulildings such as
schqols; where the answer to a group need has been
answered by a solution which takes ;nto account only a
limited concepbioh of the child's need, such as might

be cqnsidered where all the children (assunming their
individual need to be the same where the age éroups are
similar) have only a single task ﬁo do. For the fact
remains that the varied aétivity of the child may call for

variety in the solution.

Perhaps one more example will serve to show a case vhere
variation of}ﬁﬁbbleﬁﬂhhas been of such pafamount importance
that & much more complete solution has resulted.

Tnis is on the stage.  Here the problem has mebt .701:
w;;h;aigplgg;pn;j}ig,terms of alterations of the physical
environmentbas it is acted'upon by light, which allows

very complete changes of formal relationship to meet the
wide variety of needs offered by the different situations

that have to be met.

Despite the occasions when man's needs can be met sufficiently
well as a group, there are certaln problems, and as man's
knowledge of man incréases, there will be seen to be more

problems, when the individual variations must be catered for.
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Such a specific problem, as I have in mind is the contemporary
‘ "living space”, and a consideration of flexibility, as it
may be applied to this program, in an'holisbic sense,

comprigses Parts 3 and 4 of this thesis.

For it is in the“conﬁemporary living space, where man spends
such a considerable part of his life, from his cradle to

his grave, doing all the varlous activities, in all the sorts
of mental and physical states, that the obvious need for
Tlexibllity can be seen. The power for the provision

of this flekibility, this variation and richness of experience-.
lies in the hands of the architeét, the value of its

possibilities4cén only be seen in the light of human experience,
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"Motion, sunlight and shadow, the illusion of floating space
are all at the disposal of the designer,

the acuteness of our senses can be kept awake

by skilAful design, rich in contrast of tension and repose,

-

well timed and scaled to satisfy our jurge to use . r
our natural functions of adaptation.”

Gropius;1°

PART 2.
Initial Premises.
Chapter 2.4

Illumination is a means by which
Flexibility may be achieved.

This final premise is based on the first concept outlined
in Chapter 1.1 of Part 1,

" That illumination 1s considered to be a means-
by Whlch formal relationships may be achieved. "

for by a study of Man, light and Archltecbure, I have. tried
to show that egch in its way contributes to the fqrmal
relationships of the architect, in a visual sense,

Gropius. Walter Planning Man's Physical Environment.
Princeton Univ. Bicentennial 1946
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Specifically I have shown that the constituent parts of a
formal relationship are Light, Mabtter, and to the extent
that a formal relationship is experienced by man in a

phenomenqlogical sense, Man himself.

Since we are concerned at this point with a variation of the
physical environment as a solubion to man's variability,

the fact that due to his physiological and psychological
makeup he will experience formal relationéhips differently

is hot our immedizte concern, other than to state that

it must be born in mind.: 5

In this connection an argument might be advanced to the effect
that, due to this variability in the way in which man
eXperiences the same physical environment, coupled with the
natural changes between the seasons, and the time of day,

this would in fact achleve a sufficienp pattern of change.
Applied to the nabural environment, this miéhb appear to

have a good deal of validity, the seasons are sufficient

unto theméelves, But in the artificially created environment
of the erchitect this is untenable, since it legves out

many of the fdctors of men's variabillity, that I have suggested‘-
The variation of his task or activity alone wouid predicate

a much more differentiated environment.
1. See Chapter 2,1
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We are left with the two variables of Light and matter,

the illumination, and the bricks and mortar of the architect.

It may be said therefore that the Illumination is "a Means"
by which the formal relationships of the architect may be

varied. It is not the only means.

As a method of analysis of the problem, I should like to
suggest the fbllowing for consideration.v
1) A consideration of what I am calling the"basic light
flux pattern" which is an abstraction, in which the

physical environment is considered as being separated

‘ R
from its illumination, and a constant.1'

2) A consideration of what I am calling the objective
world, In which alterations may be considered whilst

‘the basic light flux pattern is thought of as a constant.

A dramatic demonstration of this twin scale of variation is
provided by the "mobile"

Considering firgtly a variation of the "basic light flux
pattern" The mobile is sbationery._ By alterations of the |
former variations of the physical environment may be obtained.
The colour of the mobil¢ may be altered, ibs:shadows may

be moved, it may be made to appear as a light form on a

dark ground or vice versa. A considerable range of variations
is possible. , »
Cbnsidering secondly a variation of the mobile itself, or

the objective world, whilst the basic light flux pattern

1. To be called "the Objective World," Laa
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the basic light flux pattern/ N 3
remains consbant; Here a certain‘soubce is played on to
the mobile which is\allowed to move freely, again there will
be a considerable variation of the physical environﬁent,

‘variations of light and shade on its facets, and variations

in the shadows cast on to any obher surfaces.

As may be seen these variables corresPOﬁd to the variables
of a formal relationship, those of light and matter, but
looked at in this light, they may be seen to have a use as
a method of snalysis, since variations of either have a
.conSequent effect on the physical environment itself,

‘The physical environment is their common denominator.

‘The natural physical environment,
How may this form of analysis be applied to the natural
physical environment? |
1) The basic light flux pattefn may be considered to e
‘the sun during the day, together with the stars at

night, This varies in time in relation to any partic-
ular point at the earths surface which ig under consid-
eration. | o |
2) There are two aspects of the objective world (as defined)
which might be compared with the two aspects of the
mobile: The mobile itself, represented by the
air particles, moisture and dust particles of the
atmosphere, the clouds, and at night even the moon;
whilst the wall on which the shadow of the mobile
is projected, might be thought of as the earth 1tself,
| 125
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the earth itself/
as beihg 2. surface on which the light and shadow is
cast; a surface rich in the natural textures of forest

rock and plain, and rich in variation.

The patural physical environment, resulting from 1. *:=

‘these variations, has an unbelievable scale of differences,

which man experiences in his phenomenal world. The changes -

from day to night, from the beginning of the year to

the end throughout all the seasons, the changes of the at-
mosphere, and the changes of the objectiﬁe world itself

a8 the backcloth, with the growth patternsvof nature. All of
these variations take ﬁlace as a pattern of movement in
time, Movement then is one of Ehe asPécts of the natural
physical environment that man has adapted himself to, and
it has been shown that this element of movement was nob
absent in the artificial environment of the architect, both
during the day when his building is fashioned with this
‘changing "light", and at night with the early sources of
illumination in the flame. To a greater degree than ever
this movement element in the scale of variatlons of the
értificial enyironment is being lostidue to the constancy

of modern sources of artificial illumination.

The artificial physical environment. _
In the same manner the form of analysis may be applied to

the artificial physical environment, which concerns the
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which concerns the/

architect. buring the day generélly speaking the

éaaic light flux pattern 1s the sun, as it 1s modulated by
the atmosphere,(with a clearfsky I have shown that 80%

of the light would come from the sun itself, and 20% from
the diffusion 6f the atmOSphere; bhé sky.) which is admitted
to the bullding by what I have called the natural
luminatres or windows, These themselves "diffuse, transmit
and redirect" the light into the internal spaces of the
~bﬁilding. ~In such a case the baéic light flux pattern is
8t11l1 variable with the time of day, and bﬁe nature of the

atmosphere, despite the statlc nature of the objective world.

However at night the position is changed, for to the extent
that the natural -illumination is no longer adequate for
man's needsls he has reéorted to forms of artificial
illumination.
1) The basic light flux pattern. In this case would be
a series of artificial luminaires, placed at intervals
within his spaces, some of which are moveable,
variations being possible by means of alterations of
the number and combination of ﬁhese luminéires used,
and the differences of position possiblé with the

mobile ters.

1. speaking gererally, there are of course certain needs
such as sleeping that would be sufficiently well met.
Also his needs may be thought of as a function of the
possibilities of artificial illumination. 127
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2) The objJective world, would be the bricks and mortar,
and materials of which the artifigial environment
is composed. variations being poasible_by means
o} alterations of positions of one object in relat-
ion to another, for instance the drawing of durtains,

or the movement of furniture.

It can be seen from the above analysis that the artificial
: physical_environmént? which relies on these two elements,
- 1s of a relatively static nature, when compared to its

natural counterpart,"of motion sunlight and shadow."

It can be seen that both methods of variation have been used,
but that the variation. of the objective world since this
involves material things, has less capacity for change.

Many examples can be quoted of its use, for inspance the
flimsy demountable partitions of the‘Japanese teahouse that
when placed in position form separate small tearocoms, bub
which dan be removed to form a single‘large space when

this is what is needed. Sﬁch variations ihvolving as they
do many of the other aspects of the formal reletionships

§f the architect, such as sound, can have only a limited
validity, when thought of as a part of the geheral archit-
ecbural compromise.

Desplte the physical limitations of this asPecb of variation,
it is sugges ted bhab rather than think of it in isolation,
phe_physical characteristics should be planned in relation

to the basic light flux pattern, so that studies of new
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materials, would always include étudies of their interrelation-
ships with light. This would have particular validity in

the field of texturel!. where it is believed a whole field

of study is to be found.

HoweVer the variabion of the basic light flux pattern, offers
an immediately rewarding method by which the artificial
physical environment may be made to cofreSpond more nearly.
to man's needs; For by variations of the nature of the
Source as regards to size and directional properties,
the spectral distribution, intensity, and diffusion of the
light may be varied., Then one can add to bthis the variation
of the placing of the sources in relation to each other, and
bhe combinations 6f different Bources to set up a very
considerable scale of variations.
Over and above this there is the element of motion, of
which the natural physical environmént is so predominahtly
composed. ,

"for motion frees the existence in time,

in the same way that openness frees the

perception of space."

2. Kepes. G  Article for Sylvania. unpublished.

1. Texture. since Gibson's theories have ladd such a stress
on the quality of texture, in connection to man's
experience of his environment.
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"The form of the home 1is essenblally inflexible,
and lighting is the only all over standard
home requirement, with the 1nherent capacity
for variety and constant change.”

Nowland.!-

PART 3. ‘

The architectural illumination
of the Contemporary Living-space
approacéhed from the aspect

of flexibility.

Chapter 3.1

The Contemporary Living -8pace,
- A New Approach to Flexibility.
It might be possible’ to draw the énalogy between the present
day living space, and the "great hall” of the mediaeval
house in England, in vwhich a great many activities were

carried on, in which case the wheel would be seen to have

1. Nowland. Roger L  Illum. Eng. Feb. 1945.
Lighting Horizons.
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to have/

come full cirecle from the houses of the 19th century, in
which a moéb specialised use of the "individual space”

was made. _ _

In Ehe“Victorian houseg, the space was dilvided up into
émple areas where the individual needs of the family weré
cabered for,‘thefe were several reception rooms, a dining
room, study, a withdrawing room, sewing room, together

with special rooms for children in nurserlies, and ample
kitchen and scullery facllites for a staff of servants, with

their own servants'hall and parlour.

This became the pattern for houses, so that when smaller
incomes and mass produced houging dictated a more conservative
use of space, the pattern,though it became restricted was

none the less modelled after its more capacious prototype.

The result can be seen in any suburb of an English town,

and it has its counterpart in Amefica. The internal arrange-
ment of the space is broken up into a series of small spaces
‘which ape their more commodious grandfathers.  However

with the changing social pattern where servants are decreasing
in number, and increasing in cost, a‘do-ib-yourself

policy dictates a more rabional wéy of life. The infinity

of ornaments, and the richly decorated furniture have given
ﬁay to simple straightforaard designs more suitable to an

age where machine production has almost completely reptaced
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almost completely replaced/

the old-style crafbsman. A general lowéring of bhe étandard
of.living ofAhighef moneyed groups, has resulted in a géneral
levelling off of the way of life. Less space for more money
has dictated a more practical use of space, in which there
is less space glven over to those activities of the home:
which are not continuous, and which caﬁ be done somewhere
else, - The numbef of the reception rooms has been reduced,
and combined in may cases with both dining room, and study.
Bedrooms have been combined with nurseries, ahd private
éitting rooms. ‘Maids quarters hAVe been eliminated, and
kitchens have been combined with dining rooms, and in some

cases with living rooms as well,

No longer can rooms serve only a single use, so that by
the discontinuation of certain rooms, the use of others has
been intensified....man has in fact resorted to a multi-

purpose Living-space.

This can be thought of as an imposed trend if one likes,
imposed by economics, and abetted by architects who have

beéﬁ quick to seizejupoﬂ a notion which allows them t§
experiment with spatial flow and open §1anning. As such

it may be deprecated by those who believe that it allows
insufficient 0ppoftunity for a "differentiated life" or
applauded by those who believe that it is a "naturalktendency"

to which the architect is merely given expression. The fact
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?hé fact/
remains however that however we look at it, the contemporary
Living-space is an established artifact, which the architect

ignores at his peril.

Ve are faced then with the following situation; in the fiest
case the parémount need to solve man's problems as an

~ individual, rather than a group, which I have shdown in Part?

to necessitate wariation of solution on the part of the |
architect, a conseguent variation of formal relationship; whilst
In the second place a general constriction of space standards
coupled with other architectural reasons)-has lead to the

home becoming like an open shed, under whose roof the whole

richness and variety of human life must carry on.

The Illuminating Enginsering Soclety, in a recently published
handbookZ2en the subject talk of this"as the goal:
"The goal is a higher standard of performance
in those elements which are essential for health,
saféby and smbtisfaction in the dwelling and
its environment."
Before conbinuing in the following chapters to discuss
what I consider to be an approach to this problem, it is
necessary to discuss briefly what attention is paid to the
problem at present, by looking at the sort of solutions that

have been produced.

1. The desire for a "spatial unity" between the inside and
the outside of the building.

2, I.E.S. Recommended Practice for Residence Lighting. 1953

133



Chapter 3,1

In such'aldigcusg;gnfib is necessary to ligit myself in the
main to the a&érage home, since this is where the vast
majority of pe0plé 1ive,‘and where any repercussions of

a new apprdach to the problem would have ultimately to be
felt.. This then 1s in the mass produced housing, rather

- than in the special high-cost dwelling where more individual
,attention’is pald to the needs of the people who are to
inhabit it.!* This would include the mass produced suburban
and btown houseé, and the large blocks of flats built for

general occupation.

I mentioned in Chapter 1,1 that in caseg such as these:

"the building is "finished" from the point of view of
the architect, with only the most cursory regard having
been pald to the provision of artificial illumination...
generally in the form of a few electric light points
provided at so-called strategic places.....bthis is as
far as the design of the formal relationships2. goes,
the architect's job is finished." |

The result 1s that in such cases, it is left for the indiv-
idual occupant, or the flat-manager to provide "lighting"

units which can be made to fit into these light points.

The variety of fittings and gadgets on the market shows the
way in which this is accomplished. An integrated system of
lighting is aliost impossible in these circumstances.

1. ¥hich in no way implies that a total solution is present

in such buildings as a whole.
2., As far as Lighting is concerned.
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in Bngland ;he position‘is slightly different po that which

. épplies in America. A centreal electric outlet is provided
in the ceiling of each room, and pephaps two‘other outlets
may be provided at the skirting level fqr‘the insertinn

of mov{able lamps. In which case an attempt. may be made

- by the occupant by meansnéf indirect ligh;ing of ﬁhe ceiling
to have a general illumination of the surfaces of the

walls and'floor,.and this would be suppl@mented by points

of light when needed.

However 1in nelther case is any attempt made to integrate the

system of lighting to the physical surfaces of the room.
~Using the method of analysis suggested in Part 2 we find

1) The basic light flux pattern is provided by a series
of unrelated point sources, either singlg or in

various combinations. 1.
Varlation can be had by one of the following~means,

a.Combinations of these sources.

b.Differentiation of the source itself, such as is
possible with certain types of three lamps fittings
where one two or all three lamps can be used.

¢c.The relative position of these mobile fittings in
the room.

d.The addition of other sources, such as an open fire,
which would add mobility.

1. Considering artificial illumination only for the present.
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2) The objective world is provided by the wall surfaces,
ceiling andfloor, and all the furniture placed in the
rooms .

Variabion is obbalned by

a.Movement of furniture, which would also includes the

movement of the mobile light fittings themselves in this

sense Ldo,.t0 the extent that they have a "matter"
component as well as a "light" one.

b.The movement of curtains, which are pulled to cover
gsurfaces such as windows at night, and also to divide
up spaces.

c.The movement of other such space divideas, partltions
of all sorts..

d.The placing of all objects within the space, ornaments
tablecloths etc.

_éolfar in this analysis I have kept the consideration of

artificial light separate from naturai sources, since it

has been agreed that the nabural variations of the soﬁrce

are sufficlent, when considered in thelr connection with

the natural luminaires, the windows, and the manner in

which this natural source may be modulated by them.

The variations of the "objective world" remain the same if
the natural luminaires are included, both for natural and

artificial light.

ﬁhab then can be seen as a result of the above analysis?
fhé most fundamental point that is raised is the lack of
ahy coordination between the variations of the one, as they
affect the physical environment, with the variations of the

other.
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Other points which are raised by the above analyéis are
secondly the véry obvious limitations to thé&se means for
achiey;ng fléxibiliby. AThermost obviqus being the}lack

of pfdvisién for any colour changes, the limited range

of intensity changes, the lack of any'consideration (apart
from the open fire, which in many homeé is absent altogekther)

of the changes that can be wrought by mobility.

Thirdly the lack of any overall unity between the lighting

arraﬁgements, and the other aspects of the design.

Fourthly the scant regard that has been paid to human need,
which shows itself in the way in which a single system
-of such a limited flexibllity is considered to be a suitable

solution to the problem.

Bearing in mind these limitations to the present concepts
6f the illumination of the home, I suggest the following
approach, as- being more likely to result in a solution

in terms of man.

A new Approach to Flexibillty.

1/ By a study of men in relation to the physical environ-
ment of the Contemporary Living-space, to understand his
individual needs.

For by an analysis of his individual structure, his

~

: “
N YRC

137



Chapter 3,1

.2/

3/

4/

his/

individual state and his individual‘acpivibies, as they
differ with the Lime of day, and the seasons; aimore
thorough uhderstanding of man's visual needs as a totality
wlll result.

A reconsideration of the formal relationships of the
architecb, in the light of this knowledge.

To consider coordinated variations of both the basic

lighb flux pattern, and the objective;world, by ﬁhich
man's needs may be satisfiéd in a total way, since

the variability of man's needs predicates a variability
of solution.

To integrate thé means by which such ends may be achieved,
the luminaires themselves, or in the case of natural
illumination the windows andVOpenings, into the general

conceptlon of the design; making the same sort of comprom-

,ises that are necessary,ih‘phé fTinal:design, from the

. Viewpolnt: of each of the design criteria used.

It

The finai unification of all the various elements of the

"scheme."

ig realised that this can only be & basis for the design,

the final merits of which will rely not on the method of

analysis used but on the synthesis of the parts into the

whole. Yet as this relies in a dynamic smemse upon man him-

self, it is true to say that the value of the scheme will

depend on the extent to which it mindaters to his needs at

all levels,
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"Man needs a range of Visual experience,
as much as a range of literature,
music, food and clothing.”

Prof.Anderson,

The Architectural Illumimétion
of the Contemporary Living=space

approached from the agpect
of flexibility.

Chapter 3,2

Man's Visual Needs within
the Contemporary Living-space.

In the previous éhapter I outlined "A new approach to
flexibility", waich I intend to apply to the problem of
the éonteﬁporary Living-Space. -The first point in such
an approach is to study man's needs in relation to the

artificial environment of the architect.

Fig. 3.2.1 18 an analysis of the relationship between the

phaysical énvironment and Han, in a visual genge.
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Chaptér 3,2

It can be seen from this analysis, that the relationship
is-an extremely complicated one, and that there are many
ways in which the pfoblem of men's visual needs can be
approaclied. For instance it would be legitimate to
approach them through man alone, in order to seé what sobt
of a physical‘environment should be designed to fit him,
ﬁhen again it could be approached through the physical
environmént, in order to explore whét‘man's needs are in
the physical environment as it is,".jét again man's needs
can be approached purely at the.psychological level,

or again purely at the physiologi¢al level., All these
methods have been used geparately or combined in one form
or another, and all have added iltems of knowledge to

assist the architect in his architectural program.

It is impossible for me to attempt to cover the area of man's
needs with regard to the contemporary living space completely
‘but I §uggést what I hope will prove a practical approach
which might be applied to architectural programs in this

connection.
The chaptef will be organised in the following manner:

1/ A discussion of the different age groups using the space.
For each age group a discussion of their a) structure.
| b) state.

c) activities,
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2/ A discussion of the psychological and physiological
needs of the people using the space, due to their

attributes previously discussed.

3/ A discussion of the "information" from the physical
environmentl'in relation to these needs, from the
points of view of a) Its nature,

b) Itgsmanner of conveyance.
c) Its value.

received by man at‘all‘pisfleveis.f'r‘?,

4/ A discussion In the light of this knowledge, as to
what dezree of flexibility is desirable, and what
degree of flexibiliﬁy would be acceptable, as an answer

to man's individual and group needs.

This is offéred as a practical approach rather than an
exhaustive research of the problem, since this would
involve'a considerable program of study on its own.

~ Nor yet again is it an attempt to standardise in any way

the individuality of ﬂan into some sét pattern; but rather
to add to the richness of his eXperiénce, by an exploitation
of those aspects of his personality which are the basis of

difference.

1. In this case the Contemporary Living-space.
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'1/ A discussion of the different age groups using the space.
For each group a discussion of their a) structure.
: b) state.
c) activities.

The contemporary living-space is used by all age groups of man,
from the Mother bearing her child, to the infant crawling

on the flooy, the adolescent doing his pomework, the young
adult courting, and at the same time it is used by men and

women of maturity, and older members of the family.

s tructure,
The structure of the different age groups differs consider-

ably. The baby's vision 1svmaturing from birth until the age
of 6 or 8 years, he is in fact learning to use the information
of his physical environment, in order to enable him to act.
Luckiesh has given some important aspects to be consideréd

in relation to this period of maturabion.1'

Near vision tasks should be minimiged for the very young,

and this is in fact taken care of by such things as the large
print in childrens books. For the child is learning to
coordinate the information from his senses, and at first he
wlll reacte to gross differences, such as bright colours,

and large print, and movement, in order to orientate himseaf
in his environment. From these grossg difference he will

learn to make finer discriminations, by a more accurate

fixation of objects. It is important that he should be

Luckéesh, Matthew Light Vision and Seeing ¥a24Nostrand N.¥
. : ‘ : o4s,
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he should be/
assisted in this process of "learning to see} it is to be
hoped that with further research into this question more

information for the architect to use may be Porthcoming.

As the child grows environmental féctore have more and
more influence on his hereditofy trends, so that man
develops his acquired characterigtics, of race and region,'
according to his need to adapt himself to his circumstance.
For man's bptructure is a dynamic entity capable of very
great powers of adjustment, An example of this might be
the light in Italy which is of a very bright nature, so
that the rellected light from the houses and roads makes

a strong impact on the eye, To one used to the greyer skies
of Enéland this has an almost unbearable intensity which
makes it necessary to wear sun glasses, whereas to one
born in the country and whose structure has adapted itself

to its environment, it seems quite normal.1‘

From Weston's data quoted previously, it 1is apparent that
the structural attributes of the ylsion continue to develop
to a maximum until the early adult years, from when on,a

decline can be measured (visual acuity) so that the needs

1. There 1s however now a modern tendency to avoid the
problem of "coming to terms with ones environment", since
in every way men tries to solve the problem in an artificial
manner, by alr conditioning and other artificial means.
It seems possible that over a period of time, man's
"vowers of adaptation to circumstance" in a structural
dynamic sense may be permanently reduced.
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8o that the needs/

of man differ at all ages, with structure, until with the
vVery old no amount of light, in the form of visual information
will be able to assist them in the discrimination of the

most complicated visual tasks.

A further aspect of structure that is generally'becogﬁised

in all but the most poor countries, is that which results

from pathological conditions, and by the use of glasses

or assistance for the weakness of some function of the eye,

abnormalities are reduced.

In most cases structure can be considered as group differences,
due to previous environmental effects, or age groups, but

it is impbrtant that individual differences, such as are

found where an individual of a different cultural and physical
background, is placed in a new environment, should be recognigéd.
A further point already discussed in dh@pter 1.4 is the

extent to which man's experience of the contemporary living-
space may be affected by his total environment, which will

"be refered to under the heading of psychological needs, due

to his previous cultural background.

stgbe.
The state of the individual at the time however, is something
that cannot be discussed without a consideration of man'
individual differences. Fof although 1t may be said that
differences of external environment may affect man to some

extent in a general way, for instance the eBBect of a sunny day,
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~ which makes all the members of a family feel good, or the
effects of general levels of illumination which may give

a general state of adaptation to light and to coloﬁr, the
individual differences due to age and responsibility, make
such generalisabions most difficult.

It can be seen that circumstances which delight man on one
day due to some special state of receptivity at the ﬁime
have no guarantee of delighting him at andther time; so
Ehab this would seem to suggest that if these individual
differences are to be utilised, rather than ignored,

the physical environment must cater to man's moods, emotions,
and feelings, as well as to his physical states of hunger,

cold, 1llness;.adaptation, and the like.

activity
The question of the activitles that are performed within the

contemporary living space, has been the subject of the greatest

amount of research, since this has shown itself to be the
most rewarding, and where quantitative results can be
tabulated. An exampie of such Quantitative data is the
recent book published by the Illuminating Engineering Saciety

1.

on Residence Lighting wheré many of the tasks that are

performed within the contemporary living space are analysed

1. I.E.S.,, Recommended Practice for Residence Lighting  Nowv. 1953
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are analysed/

with respect to the intensity of the light source, necessary
to provide a stated number of Ft.candles on the task, and

the position of this light source in relation to the activity
concerned.

It would I fthink be useless for me to reéeat this information
vand other>information of a similar sort in this thesis;

what would be more useful would be to dealiin a rather more
general way with the question of activity as it applies to
all age groups within the home.

Broadly speaking the action of the individual may be said

to be that action made necessary, or possible or desirable, .
by his Interaction with his physical and social environment,
which dictates the utmost variety of individual action

on the part of man, varying for different ages, and different
personalities, at different times.

The activity of the very young is limited to coming to

terms with his environment, whilst the activity of the fully
matured individual is capable of great richness of ¢Xperience3
and all of these activities are at some time or another
elther separately or combined to some extent, to take place
in the contemporary 1iving spece. It is the job of the arch-
itect to create the ppportunity for the greatest possible
variety within the space.
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o/ A discussion of the psychological and phy31ologica1
needs of the people using the space, due to their
attributes previously discussed.

To quote Prof. Anderson |

{
" The need that individuals feel for variability
in such a space (living space) is I think not
just because the tasks change. It is because
thistspacecistheir primary personal environment
- and to enrich it by transforming ib is to
give life more scope and meaning."
It is true that man has certain physiological needs at
éll ages, concerned with his structure, his state and his
activity, and that the solution must strive to satisfy
these needs, but it 1is equally important to satisfy his

needs due to these attributes at the psychological level.

For the living space 1s where man spends a great part of
Lis time, and where it should be possible for him to devel-

op to the utmost all his powers.

For instance a man has the need to be able to orientate
nimself in his environment, if he is to be able to perform
wiﬂin it correctly, he must be able to move with ease and
safety; yet again he must be able to read or write, or to

play games, to watch television or listen to the radio, to
hoid congersations, to sew or make clothes, and a hundred
other things, and in order to 4o bhis the information that

ha needs nust be sunplied in a manner acceptable to him,
However it is possible to supply him with this. 1nformatlon

in such a way as to satisfy his physiological needs, but still

no@ contribhte to his experience in a positive manner.
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‘For as I have shown, & man's activity is not an isolated fact,
' it is impossible to satisfy the whoie man, by making  the
conditions for his working effieiency satisfactory at one
level of his existence without worrying about the other.

-A man will go outside on a sunny day, and.gwist himself into
all sorts of contortions to read bensath the shade of a
tree, or even out in the sun, and still feel that the envir-
gnmenh is contributing in a positive way to hié happiness.
Whilst on the other hand placed in an experimental set-up
where all the lighting and other physical factors are cal-
culated to reduce the streeses on his body to a minimum,

he will feel thoroughly miserable.

So it is important that when the architect is satisfying the
needs of man within the contemporary living-space he does
not consider each task as an isolated thing, but rather

in its connection with the "whole" of the environment.

It should be remembered thaﬁ it 1s impossible to set up
étandards for positive comfort, and that the best that can
be doné from the tables is to reduce actual discomfort to
a minimum.. Positive comfort or delight, is sométhing that
cannot be assessed on a quantitative basis, and can only
come from an understanding of man's needs within the H
living-space, at all levels, coupled with the ability to
provide an environment rich in variation, where such needs

may find satisfaction.
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3/ A discussion of the "information® from the physical
environment, in relatim to these needs, from the points
of view of a) Its nature

b) Its manner of conveyance.
¢) Its value.
as received by Man at all his.leveld... .1

From the diagram at the beginning of the chapter, it can be

seen that the interfelabionéhip between man and his physical

environment is of a dual nature, it acts on him, and he on it.

VSo that although the archibecb may be at great paing to

provide formal relationships which minister to man’s needs,

all sorts of oéher factors enter into the relationship

which the architect did not intend.

The architect therefore is limited as to the extent that he

can arrange for a coordinated relatibnship, and he has to

'anﬁicipabe the extra-architectural parapheghalia that the

individual owner will provide. Such ltems as pictures,

books, and ornaments do not as a rule cause a great deal

of difficulty, whereas furniture, carpets, and curtains

can destroy the carefully thought oub relabionships of

the architect. It is important that where possible the

architect should'advise on’the question of the latter, which

would include also the colours and textﬁfes of the wall and

celling surfaces, if a truly coordinated relationship:is

to be established.

In chapter 1.4 I developed the concept that the formal re-
lationships of the architect may be thought of as "information"
which is received by man at all his levels, it 1s now necessary

to apply the aspects outlined to the Living-space. 149
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its nature.

‘The list of subjects about which information is needed has
been given in chapter 1,4 and does not need restating here,
However there ig a further point which should be made clear,
this being that the information that the architect may want
to give, need not necessarily be of the physical environment
ag such, but rather of certain interrelationships of light
and matter, whiéh when perceived by man at his phenomenal
level, and translated into the visible idea, have a value

as a "whole" apart from thelzpurely physical aspects.1'
So‘thab information is not necesgsarily "of" the physical
environment, but must however be "from" it, since the
resultant impression is characteristic of both light and matter,

~as they are related to man.

its manner of conweyance.
Various points are raised concerning the list given in
chapter 1,4 ag to the mammer of conveyance of the information,

when .this is applied to the living-space.

The first point is to what extent the information about the
physical environment should be correct. Certainly in the
case of stairs, the information should correspond to the
physical.surfacés, and in the case of young children who

are in the process of maturation, the surface to which they
HjiExaﬁEIéiiﬁ‘éhéﬁief i;4gof a baroque reredos., The visible

idea is something over and above the physical relationship
of wood and gold, though it arises from it.
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to which they/

respond, should correspond to their total stimulus pattern,

tactual etc, in order to avoid confueion of thélr experience,

However there 1s a further scale of experience, which I

have suggested in the paragraph on nature, where the inform-

- ation is seen to be "from" rather than "of" the physical
“environment.

Shaw has shownl. that by meazns of coordinated variations

of light and matter, it is possible to alter the "apparent”
relationship between the physiczl surfaces-of wall and

ceiling, and I quoted an instance of a successful use of this

in the early London Theatres. The term "correct" should
be used loosely to mean that the resulting relationship
should correspond not so much to the physical environment
ag such, though this 1s seen to be necessary in certain’
.circumsbances, but rather to the wishes, or the "formal
relationships"‘of the architect. It is the job of the
architect té undersgtand the formal relationships he uses,
so that such a sophisticated approach to man's environment
is not fraught with a lowering of mads spatial orientation

‘to a level where it would involve danger.

1. Shaw. . Light and Architecture. M.I.T.Thesis 1948
By correlated variations of the brightness of ceiling,
wall and fdoor, he shows how an impression of expanding
and contracting space may be achieved. The examples
are photographs at "model"scale, and less convincing
due to the limitatlions of the medium, and the presence
of cues of a different nature which conflict with his
evidence. '
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The second point is concerned with the fact that the
 'informatiQn should be sufficient, rather than maximal or minimal,
and thé living-space raises certain problems of ité own. |
The information that is required in the living-space may
vary considerable with the activity in progress, the state
of the inhabitants, and their structure. For instance

if the family is watching television, the amount of inform-
étion required from other formal redationships within the
.space is lessened. At the same time however it is possible
that some members of the family do not want to watch, and
wish to read, or play cards, then in this case they require
more information than do the people watching television.
Another example would be the case of the person who owns

a vefy.beautiful,statue, there would be occaslons on which
he would want 1t to be an important part of the formal
relationships of the room, whilst at othefs, since a variation
of his experience of it is essential, he would not want to
be 80 consclous of it. This may also be the case of
paintings which are hung in the room, where,if they remain
a constant part of man's experience, they will lose their
dynamic affect,

This fact of "sufficiency" of information is one of great

importance in thés type of program.

The third point, is that the information from all relationships
dther than visual, should add to the totality of experience.

A clear example of this is where one activity in the home

ig connected with considerable nolse, which forms a conflicting
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a conflicting/

audio relationship, for the person who is trying to study,
or to read. It is true of course that this form of confusion
in the modern hpme is so usual, that man in self defence

has ralsed up a barrier of negativism against it; but even |
allowing for the presence of such a barrier, there are certain

of mans psychological and physiological needs that are
incompatible.

Also under this heading would come those forﬁal relationships in
\which the tactual component conflicts with the visual, such

as imitation marble wall papers, or imitation wood, such
measures, though they may have a sound economic base ars

none the less a disappointing feature of the physical

environment.

The fourth point that I think needs consideration with spec-
ial regard to bhe’livihg-Space, is that the information

shoudd be obtained in such a way as to set up no undue stresses
on the body's economy.

Considerable emphasis has been given to the quanbitatlve data
that has been found, and rules have been established by
illuminating engineers, beyond which you must not go, if
discomfort, or physiological cost .is to be avoided.

kIt is suggested that you should always arrange that the bright-

' ness ratios: within your field of view should be carefully
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be carefully/
controlled within certain ranges. This range is suggested

" as 3:1 by Prof.Moon!*

which would reduce the stresses to

a minimum, whilst at the same time giving sufficient
opportunity for modelling shadow. Other ranges are

suggested by ﬁhe Illuminating Engineering Soc. such as

are given in thgir recommended pracbic for Residence Lighbing.
They suggest that the task has two areas around it, an
intermediate surround, and a general surround. They sdggest
that the intermediate surround should not be brighﬁer than
the tésk,’or less than 1/10th as bright, whilst the generai
surround should have no appreeiable area of brightness more
than 10:1 in ratio to the bask." '

Whereas it is comparatively easy to apply such standards,

and to see they are caﬁried out in such programs as offices
and schools, it is by ho means so easy in homes. For it must
be recognised that the response to a stimulus is a total
respohse from the whole man, to the total stimuli available,
and whilst in offices people in general are placed in a

gspecific position and direction, in the home the family

‘will be in every conceivable position at some time or other.

Logically if this were the case then 1t would be necessary
‘to ensure that all the relationships within the space were

1. Moon and Spencer. Lighting Design. Addison-Wesley. 1948
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were/

coordinated in such a way as to achlieve a 3:1 or 10:1 ratio.

and it is felt that there are occasions when such a relationship
may be nécessary, but from my discussion of the psychological
needs of man in this chapter, it is seen that a satisfactiom

of man's physiological needs does no more than ensure the _
absence ofAdiscomfort, whilst what the architect's aim must

be is to establish in a positive way the variation of

environment which allow hman to lead a much more full life.

He must provide for the high levels of illumination which

wili reduce the stresses on man when he 1s doing a complicated
visual task, to a minimum, but at the same timevhe nust also
provide'for the man who wisheé to sit with a single candle,
and read, or sit by the firelight and think. For the
stresses on man vary with the intensity of the task..,the
child who 1is learning at school is under many different
gstregses upon his system, whiist when he 1s at home in bed |
these are negligible; between these extremes there are

many gradations, for the architect 1ls concerned not so

much with the fact that theve are stresses, since the body
requires a continuous gymnastic to maintain its dynamic balance,

but rather that these stresses may not be "undue”.

its value.
Finally we are concerned with the vdue of the information

from the physical environment, and to this there is little
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there is'little/

that need be added with special reference to the living-space.

This is not something which is separate, in that it can
exist on 1ts own, but rather it 1s something over and above
the satisfaction purely of those aspects of information
already outlined. For it has its basis in the imagination

of man, and in his ability to fire the spark of imagination
in others.

4/ A discussion in the light of this knowledge, as to what
degree of flexibility is desirable, and what degree of
flexibility would be acceptable, as an answer to man's
individual and group needs.

It 1s evident from the preceding discussion that there is

a considérable variety of need within the living-space,

if man is to be asatisfied at all'levels, so that the

question that remains 1s not so much "whether" as "how much"

flexibility the architect is able to provide.

The approach should be that it is the jbb of the architect

to provide the maximum of differentiation, consistent with

the other aspects of the architectural compromise; such as
planning, servicing, structure, and economics, when these

are considered in relation to man's need of unity and clarity.
In order to make flexibility acceptable, it is necessary

Ehat the ranges of such a flexibility should be easily
controlled, so that the means themselves are not so sumbersome

as to prohibit their use.
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There are obvious limitations on the ranges of such variability
within the living space, since it would be impossible for
someone to be reading in the space at the same time as someone
else was using it as a photographic darkroom. The approach
would have to recognise that some needs are incompatible,

and not only this but that some needs for some people,

will be more incompatible than for others. An example of

this would be the writer who wishes to work on his pléy,

he might find it quite impossible to work in the same space

as the rest of his family who were doing the other innumerable
jobs that are done in the living space, whereas another man
lwho may only be writing a letter, would not exberience ahy
such difficulties. It is therefore the job of the

architect to achieve a balance » so that where possible
different needs may be satisfied in the same space at the

same time, but that where this is impossible, they may

be satisfied at different times. Finally wheére the needs

are totally incompatible, then some other spatial solution

must be sought;

Questions that might be asked are
' VWhat upper and lower limits of intensity would be
sufficient to meet man's needs?
What range of colour relationships?
what differences of texture?
What conbrasbé of shading?
what spatial differentiation?
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This seems to me to be a more profitable way to look at the
prpblem, rather than to suggest that each individual task
or activity, requires a specific relationship, a specific
amount of illumination of certain characteristics, for as

I have suggested there are so many variables in the case

that the results would be in no way conclusive,

What then 1s the highest range of intensity that may be

needed at any point, or at specific points throughout the
space. The Illumination Engineering Society suggest e

that for the task of sewing black cloth a source which

provides 150 or more ft.candles on the task is sufficient.

Such a source would provide some 5 to 10 ft.lamberts brightness
on dark cloth of a low reflectance. Were the same source

to be used for resding, with a bookkof moderate high reflectance
the task brightness would be in the order of 130 ft lamberts,
which would be in excess of need2., also supposing two
different people were using this same source for the two
acbivibies mentioned, for one the general brightness of the
room could be as low as ,5 Ft lambert, whilst for -the other

it should not drop below 13ft lamberts, if the 10:1 ratiom

of the Illum Soc. are to be met.

However if each person were to have his individual source

1. Q,E.S Recommended practice for residence lighting.
o November 1953
2, As it is thought of at present.
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his individual source/

‘the person reading could then have a recommended 40 ft candles,
which would give a brightness of'sbme 36 ft.lamberts which
would allow the general surround to suit both the people

at a brightness of say 4ft iamberts;

This as I have suggested is by no meang the whole story,
for on a certain day, the man wishes to read with a single
candle, according to his mood and his feeling, here he has
less than 1 fb.lémbert brightness on his task,‘whilst his
surround would have a brightness of as little as ,005 ft lamberts.
The ratio is seen to be anything but ideal as far as the
standards go, yet this is what he needs just the same, at

this particular time. Supposing now that his wife were to

be sewling on dark cloth, a relationship between both the tasks
could be established at say ,7 ft lamberts for the general
surround, provided that there were an independent means for

varying it.

What seems to be suggested by the ranges of intensity is

that the general surround should be capable of variation up
from very low levels to brightnesses of 10 to 15 ft. lamberts,1
whilgt it should be possible to arrange for high levels

of illumination at points throughout the room, in order to

provide: sufficienmitly -high brightnesses on dark tasks.

1. Where it is thought that 3:1 ratios are necessary, this
would have to be increased to 40-50 ft.lamberts,
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As to the ranges of colour, texture and shading, these
Cannotbpqssibly be laid down in any form, and must come from
the experience of the designer, in the utilisation of

these means of variation. I have suggested that by a further
investigation of Gibson's data the architect may be in a
better posibion to utilise “these aépécts of his formal

relationships in a more holistic sense.

As to the ranges of spatial differentiation, a great deal

may be accomplished by an economy of means, where a coordinated
relationship is arranged between such items as various textures
of curtains, and I shall develop this more fully in the

subsequent chapteb,

A)

The ecbnomics of such a scale of flexibility as I have in

mind are‘not easy to evaluate, for as with all new forms

of control, it is likely that the initial cost of the first
pilot installationé would be heavy; 1t is thought however

that with further experience, and a general demand for

such an item as "flexibility" as a necessary element of

a new house raﬁher than\something that is an additive factor,
such as the chrome on automobiles, these initial costs

would be cut dowm. It would no longer be & question of

whe ther to ﬁrovide iﬁ or not, but a Question of being unwilling

to impoverish ones range of experience by doing withoubt it.



PART 3.-
The architectural illumination
of the Contemporary Living-space

approached from the aspect
of flexibility.

Chapter 3.3

. Formal Relationships,
the tools of flexibility.

At the end of éhapter 3.1 I outline a new approach to
fléxibility, starting with a an examination of man's needs
wibhih the living-space, to the extent that they éhow.a
tend towards variability.

In chapter 3.2 I have dealt with this point, and have shown
that the living;space needs to be capable of a coﬁsiderable
ragnge of veriability. It is now necessary to deal with the

next two pointg in bhis'approach.
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Firstly a resxamination of the formal relationships of the
architectwithin the living space shows that the means for
this flexibilty is generally lacking'e and that the means,

which areléeen to be variations of light or of mattér,

are not coordinated, so that such a flexibility as I have

in mind cantbe accomplisghed,

Secofidly it is necessary to discuss such a coordination of
the components of a formal relationship, by which this may

be done.

An illustration will serve to show what I mean by lack of
coordination.

éupposing the light component of the formal relabionship,n'
were of the sodium arc type, and one wished to light up a
surface with this. If that surface were painted a saturated
red colour, it would appear black, by the laws of colour
subtraction, since all the sodium D lines would be absorbed
by the material. If however the surface were painted white,
with an even spectral distribution'curve, then the resultant
subtractive éffect will be to light up the surface.

This is a very simple exampde, which has little architectural

Validiby, but it shows how coordination 1s essential.

1. This has been discussed in the analysis,chapter 3,1
2. Refered in the method of analysis as the "basic Light Flux
‘pattern.”
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An archiltectural example which is freéequently encounbered;

is ﬁhe relationship between a lighb source, designed for
reading. The nature of the source is such that if the

“book is of a matt surface, the" light is sufficiently
diffused, so that a maximum ocontrast between the ink and

the paper is obbained. However if a glossy magazine is

read with the same relationhip between the eye, the book, and
the source, the light will be reflected off in a sgpecular
manner, the contrast will be reduced, and the same amount

of information wili be more difficult to receive. Normally
by tilting the book, this can be reduced to 2 stage when it
1s not severe. |

Since the architect is not in the position to design many of
the things that are used in the living-space, coordination

of this nature is particularly difficult to achleve.

Thig particular effect can be eliminated by the insertion

of a film between the source and the book, of a highly

diffusing nature, so that the resultant incident light is

of a non-Spedular characbter, but when this is done it makes

the light less suitable for other activitles which rely on

specularity of the source to add sufficient highlight

to aid the contrast, where a depth 1s involved, such as with

materials.

What: ‘then are the means at the disposal of the architect?
Fifsbly they are means associabed with Light, and secondly

means associatéd with the objective world.
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Light,
Basically light can be divided up into natural and artificial
sources, In éhapter 1.2,.I considered the source of the Sun,
and the seéondary source of the sky, with their various
spectral characteristics, in order to show how these affect
the objective world. The light that is received by the
surflaces of a wall inside a house 1s the combined effect af
the original source of energy, the sun; the secondary source
of energy, the sky; the reflections from any other external
objects, such as trees;.and the modifying effect of the glass.
of the window.1‘ Where this light is received on to the surface
of a red carpet, the reflected light within the room, will
take on the red characteristic of the Specﬁral,dishributionic
of the carpet, as this is affected by the characteristic-
of sunlight. Since the light from the sun and sky are
constantly varying, in intensity, direction and combination,

there is a constant variability of relationship.

It is the architect's use of artificial light which I shall
consider chiefly here. |
There are three main types of sources that he can use,

incandescent, electrical discharge, and fluorescent.,

1« Evans in his book An introduction to color, mentions in
this connection that when a house hag a large tree oubside
the window, the sunlight is modified by the green of the
leaves, so that the light reaching the®wom is green. In such
cases this 1s the primary source of light for the room.
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Incandescent sources are the oldest, cheapest, most popular,
énd the least efficient from the point of view of energy

use related to lumen output. Which averages as little as

15 to 17 lumens per watbt, I have given a typical spectral
distribdtion curve for the dbawn tongsten filament of the
incandescent light (fig.1,2,3)

The melting point of tungsten is 3655K and the light is
glven off as a function of this heat. The higher the' ...-
operaking temperature, below this point, the further towards
the visual range will be the maximum energy in terms of
light. Operating temps. in use now are between 2400° and
3200 K.’ Due to the condiderable heat that is given off these
lamps have a detrimental effect on cooling ﬁlants, and are
of ten considered unsuitable on this score.

They have othéer advantages which outweigh this in normal
home use, Their simplicity, cheapness, and ﬁhe continuous
nature of their spectrum, coupled with the "warm"nature of
the light itself (since its highest output is in the longer
wavelengths) make it suitable for home use,

Incandescent lamps are considerably effected by voltage, and
a formula is available!- which enables one to calculater
according to the price.:of the lamps, and the current rate
qf, electricity; whether it is better to run under the rated
voltage, and-increé.ée the life, whilst lowering the output;
or‘to run over the rated voltage, decrease the life, and

increase the output.

1. Moon and Spencer. Lighting Design. Addison-Wesley 1948
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Sinde all object colour, with respect bo its physical com-

ponent 1s a function of the light source, and the Spécbral

distribution of the object, it 1s necessary to see what effect

tungsten filament has on such colours as the Windsor and

newton sbandards.1’

‘Standard. Mixed colour. reflectance
Cadmium yellow orange yellow. 56% :
chrome orange orange red. 28%
vermilion - red orange. 20%
green Light - yellow green. 149
green dark. _ green deep warm. 8%
aliz,.crimson brown red deep. 7%
cobaly blue blue deep. 6%
ultramarine deep. blue purple. 49

The results of course are never as simple as this in an
actual situation, since the light is not only the result of
a single radiation from a source, but the result of multiple
reflections from the wall surfaces as weil as from the source
on to an object.

For example WiFh.an incandesegent gsource, in a room with a
yellow wall, Light thrown on to an\object will be partly
from the source, with its tungsten distribution, accading

to temperature, and partly from the yelloﬁ wall, which will
be a function of both the distribution curye of the yellow
surféce, and that for tungsten, The latter light will be
decldédly more yellow than that of the source itself.

Since the wall is a large surface, and the source a small

one, the light from the wall will fall off relatively less fast

1. Data from Commery and Leighton. I1lum Eng. Dec. 50

166



Chapter 3.3

less fast/

than the light from the éource (inverse square law for small
gources) so that the greater part of the light will come
from the wall, There is a further complication too, in
that light is not the result of a single radiation only,

but is the resultant of all the interflections between the
wall suffaces, bue to the selectlive absorption of the
walls, tﬁis,ﬁeans that this selective action tékes place.
~at each inte}flecbion, go that as the light is "bounced"
back and forth several times, and with each bounce, thereﬂ
is an incrgase in the selective action, the apparent colour
of the wall ié altered. A common example of this is when
the architect tries out a new colour on a small piece of
wall, and decides that it is not intense enough. However
when the intensiffed colour is placed on the whole wall, the
total effect is altogether too intense, due to this selectivs

absorpbion at each interflecbion.

_Since the colour temperatqre‘of‘incaqdescentilampé!Variés
considerably with voltage, a 5-volb variation in 11¢volt
circuit causing a difference of 50 K, cléarly visible changes
are noticed if this method of varying the intensity of

an incandescenbAtype of installation is made. Due to this
it 1s thought that the best method of varying intensities

of thé incandescent source, 1s by a multiplicity of sources,
all of which are connected to the appropriate voltage, but
which are wired to separate combinations. The highest

intensity being when all the sources are used, and degreasing
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and decreésing/

as the number of sources in each circuit is reduced. In }
general it is thought that a three circuit variation wiil, v
be sufficient for most parposes. In such a case it is
important that the distribution of the sources is so arranged

as to cover the same area, but at a less overall intensity.

' Electrical discharge lamps may also be used for homes, -

A current is‘passed between two electrodes, and almost any
stable gas at ordinary temperatures, will give off light,

if placed in a tube. Generally speaking inert gases are

used, the most common, being mercury vapour, neon and

sodium. The type of light varies for each gas, sodlum already
mentioned,giving off homogenous radiation, neon having a

line spectra, similar in character for that of mercury

vapour, (fig 1.2.3) but differing as to wavelength, this is
illustratea in'Figure 3.3;1. It can be seen that all
radlation 1is roughly between 0.6 and O.Tfso that the colour
must”liesomewhere between green and red, whatewer cdlour

1s desired being obtained by filtering out the undesired
wavelengths, This is in general thought to be an unsatisfact-

ory light for home use due to these colour characteristics,

mercury vapour (fig.1.2.3) is the inert gas most frequently
used; when this gas is used at high pressures, an increase
of the intensity of the light is found, whilst at the same
time it adds to the mercury "line spectrum" a continuous

- spectrum at certain wavelengths. Such lamps have high brightness,

168



Chapter 3,3

However sgince their greatesb light output is in the invisibide
ranges on either side, the ultra violet and the infra red,

whilst the rest is mainly in the blue, it is not generally

much used.

With the fluorescent pamp a method was devised to use the

ultra violet component, of the mercury spectrum, and convert

this into light within‘the visible spectrum,

The efflclenty of such tubes is greatly in excess of incandescent
| éveraging 50 lumens per watt.

Meny different spectral distributions can be made by variation

of the phoahors with which the inside of the tubes are coated,

The spectrum of the fluorescent is a combination of both the
iine and the contihuousvspectra, and when planning a coordin-
ated colour relationship, it 1s necessary to take both Into
conglideration. I mentlioned in éhapter 1.2 briefly the

sort of colour vériations that might be expected from the

use of fluorescent lamps of difference phosphor composition

on Windsor and Newton "orange! To enlarge on this

' fluorescent lights.1"
s tandard. De Luxe cool white. Standard cool white

cadmium yellow - yellow cool greenish yellow
chrome. orange red orange yellow brown pale
vermillion red-orange light brown
green light pale green . greyed green
green dark blue green ~_ ° dull green
aliz. crimson blue.red bright. purplish brown deep
cobalt blue ‘purple_blue blue less purple
Ultramarine. light blue with “light blue.

purple,

1. Commery and Leighton's data. mnela park
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/ fluorescent lights.

standard De luxe warm standard warm
cadmium yellow orange yellow pink green yellow medium
chrome orange orange red clear yellow brown medium
vermilion red orange yellowy yellow brown

green light yellow green medium greyed green dull
green dark yellow green warm dull .green
alliz.crimson brown red.increase red}brown

cobalt blue red purple brighter red purple brighter
ul tramarine blue purple deep blue purple deep.

Advantages of the fluorescent over the incandescent source

are firstly its efficliency, secondly its stability under changes
of voltage, thirdly low heat production (in relation to

cooling systems eﬁc), its cheapness to operate, its length

of iife, usually.four times thé length of incandescent,

and finally 1ts low brightness of surface, compared to the

very concentrated brightness of the smaller source.

However its disadvantages are also important, it is more expensive
inlitially, but most important the spectral distribution |
differs so radically from the sources, to which the eye has

become adapted. Fig 3.3.2 shows some of the energy distributions
for several types of fluorescent lights.

A source which appears the same as far as colour is concerned

may have a very different effect to dgylight, or incandescent
light, when the light is combined with the object colour, far

the physical colour is a combination not of the total light,

but a subtractive mixture of the spectral distribution curwes.'

An example of this is dramatically illustrated by Evans!.

Evans. Ralph An introduction to Color  Wiley. 1948

170



e
Wa -rc/en;lh‘z:/- )




Chapter 3.3

by Evans/

in which he shows various line Specbralwhich will match the
i.C.I Illuminant C, which 1s an approgximation of daylight.
Seen as light the observer would be unable to tell the difference
between these illuminants, which would appear as white light.
If these are played on to non-selective surfaces, again the
fesult,will in general be the same. But if these different
lights were played on to various objects selective to colour
then totally different éffects can be predicted only by

a knoﬁledge of the distribution. characteristics of the lights.
flate X111 of Evans book shows two scenes which are identical
as to object colour, bﬁt which have two siich illuminants
played on to them. The first has a yellow curtain, a blue
vase, a glass bottle with'yellow liquid, and a green ornament,

whilst the floor is white with pink highlights.

The second has a red curtain, a blue vase (remains constent in
this case) a glass bottle with red liquid, and a grey ornament,
whilst the floor is now a pale blue. This example shows
the range of the variations that are offered by the variation
of illuminant. This can Dbe gxtremely bad in cases where
the object colour is important, such as with food, when a

meal can be spoilt if the colour of the food is out of ones
nqrmal experience., But in the hands of the designer who
wishes to obtain a particular effect for a reason dictated
by mans physiological or psychological needs, this can be

a. useful tool.
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‘A further disadvantage of fluorescent lamps is is stroboscopic
effect, due to the fact that the arc of the electric discharge
is extinguished twice in each cycle. In the living-space
this is not of any great importance, bu;vwhere the movement
of machinery is concerned it can be dangerous, since if the
machinéry is moving at the same speed ag the cycle, it.could
be made invisible when it was "in phase"....this can be
overcome by the introduction of an out of phase secondary

circuit.

Two forms of circult have been developed for the fluorescent

and electric discharge lamps, the hot-cathode, and the
cold-cathode types. The hot-cathode requires a ballast, and

in generai there is a delay while the filaments are heated before
the arc strikes, and the light comes on. This 1is obviated

in the cold-cathode, which operates at much higher voltages,
requiring & transformer, the arc is immediately initistsdj

ﬁhe tubes themseives can be any shape, and of widely varying
lengths, and diameters. The lumineus output can be varied by
means of a variacflblaced in the circuit before:the transformer;
or by stages,which deliver a graded scale of voltages
which éorrespond to visuel gradients to the transformer.
Cold-cathode light is widely flexible as to intensity, from

over 2000 lumen output for 8 ft.tubes down to comparatively
low intensities, At vefy low voltages there is a slight flicker
and the colour temperature, which remains very stable throughdut
the range, drops.

1. A similar method is now available for Hot cathode.

172



Chapter 3.3

The cold cathode lights are méde in an increasing variety of
colours, and it is thoughﬂ that they will be used widely

in architectural lighting., For the living-space, they have
great advantages for variations of intensity, for flexibility
of diameter, and shape. They are slightly less efficient
than the hot cathode due to the presence of the transformer,

and the presence of high voltages may be considered a disadvantage

in the home.

These bthree sorts, incandescent, electric discharge, and
fluorescent cover the types ofilight gources that are used

for artificial ligHting. A note needs to be added concerning
"the flame" which 1s used either as firelight, or candles.
Boph have the one quality which is‘lacking in the other art-
ificial sources, the characteristic of mobility, and the

fact thatkman still feels the inflerent need for this quality,

i1g a fact which the architect cannot ignore.

These are the tools of the architect, in the creation of his
formal relationships, they can be varied as to intensity,
within the limitations I have msntioned, and they can be varied
as to colour, in the case of fluorescent tubes by means of the
phosphors, in the case of incandescent, this has to be by

a filter type of subtractive mixture, and logically falls into
thé second part of this discussion. |

'Cther variations are as to the placing of the sources in
relsdon to objects and surfaces within the space, which must

be coordinated with them. The direction, and size of the

light source in relation to its brightness is important.
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A further scale of variation is suggested by the needs for
some form of temporal change, which have expression in the
,flame and the open fire. Kepes has suggested that some form
of light mural might be possible1‘which would be achieved

by some simple mechanical device such as in the work of
Wilfrid already refered to in Chapter 1,1 Such a mobility
can elther be obtained by a variation in time of the light
gource of.of any object, such as the mobile, which moves in

relation to a light source, or in combinetions of both.

AObjective world. ..
This may be considered to be any object, surface, filter, or

diffusing agent which absorbs, transmits,or reflects light.

It is necesscry to see in what wajs light is modified by the

objective world, as to 1tscolour characteristics, intensity,

diffusion, direction, in ordér tb be in a position to control

these variations to suit the formal relationships of the arch-

itect,

Basically when light hits an object, or surface, three things

can happen to it, it can be transmitted, reflected or absorbed,
2.

according to the laws of refraction, diffractlion, or interference.

Usually all three effect occur at one time, but the prportions

<

1. Kepes.G Contribution to Seminar. o
: Vishon Brightness and Design. M,I.T. Sept. 53

2, In addition to the laws of selective and noh selective

transmission and absorption.’
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the proportions/
of each are different according to wavelength, or colour.
The sum of the transmitted, rteflected and absorbed energies

must total up to the incident light.

These then are the laws by which the architect is ruled,

when the light from the basic light flux pattern, meets the
objective world. The laws are complicated, and it 1s necessary
for the architect to have somé knowledge of them if he is to

be in the position of utilising light as the todl that it

is,

For purposes of simplicity, I Bhall not go into these laws
to any extent, but rather show the ways in which a knowledge

of these laws can be used.

It is easier to consider the subject in two parts, firstly the
modifications to light'that do not change 1its energy distribution,
which 1is called‘non-selecbive,'and gsecondly modifications

in which the spectral distribution 1s altered selectively.

Non—selective modifications.
Refraction."Light from a source hitting another medium is
altered as regaﬁds direction, according to the angle of
incidence of the light on to the surface. The higher the angle
of -incidence, the greater the angle of refraction, so that
when the light emerges from the opposite side of say a pilece
of glass, it is parallel to 1ts driginal direction, butb
displaced sideways. By meane of properly calculated and

shaped transparent surfaces, the light source, may be elther

1.5Thought of non selectively. 175
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may be either/

made to converge, by condenser lenses, or diverge by diverging
lenses. Light goufces, may be concentrated into a-narrow angle
or spread over a wide area.

If however the branspareﬁb surface on which the light falls

is irregular, and corresponds to no regular pattern, such as

is the property of a sandblasted glass, the light which is tmns-
mitted will travel in all diirections, and such glass is called
diffusing. Many plastics have been produced which will give
this property, so that light from ordinary tungsten or
fluorestent sourcesimay be diffused. By some form of mechan-
ical variation of the surface through which the source passes
the source‘may be varied as to its diffusing qualities.

Refraction 1s a property of non selective transmission.

" Reflection. For flat surfaces, the angle of reflection always
equals the angle of incidehce of the light, so that by curving
the surface of a highly reflecting medium, such as silver, or
chromium, the light from a source may;be concentrated in much
the same way as with a condenser lens: Also in a similar way
to transmitting surfaces, the light may be tkrown into a
definite pattern, by a regular surface, or into a completely

diffused pattern, by a random surtface.

The types of diffusion from reflecting surfaces are illustrated
in Figure 3,3.3,) from which it can be seen that the reflection
pattern is determined by the texture of the surface, and the
angle of incidence of the light, whilst man's eXperience of

it is a function of his relationship to both.
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From the foregoing discussion of non-selective modifications
it can be seen that if the position of the source with relat-
lon to the lens or the reflector is changed, then the
concentration or diffusion of the beam of light is altered.
Further with the use of diffusing mediums over the combined
source and reflector or lens, the light mgy be made to

shine evenly over a large surface, or if the above light is
pléyed upon a surface of a rough texture it may be diffused\
according to the "specularity" of the surface. Some or all
of these methods for varying the light can be used, without

resorting to colour.

An architectural example of the use of theée properties might
take the form illustrated in Figure 3.3.3dwhere a transmitting
surface, such as a curtain, is placed between two spaces

which it 1s desired to divide up visually on different occasions.
It can be seen that with the different light patterns varied,

the surface quality of the curtain can be made to appear

l opaque or translucent, from either side of the division.

Further variations might be used in the form of colour, so it

is necessary to continue by discussing Selective modifications.

Selective modifications.
I have sdggested that when light falls upéon the objective world,
it ‘is to some extent, transmibted,réflected,and absorbed.
to a varging combination according to the naturé of the
surface. |
To deal firstly with transmitting medium, the light 1s decreased

in amount as it passes through the medium, in some regions of
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some'régions of/

the Spécbrum, in felation to others, by the process which may
be considered as selective absorption. Since this light that
is absqrbed, mustvcome‘iﬁ the original instance from the 

light gource, the process is one of .a::gsubtractive miXture.v

Light can therefore be modified by a filter, which has the
characteristic of absorbing all the spectrum-gf light ék¢;§£ for
- a défiﬁite band, such esred or blue. This will in fact‘subbrac;ﬁ
all but these wavelengths from the source., This is of coﬁree
an lnefficient way of producing coloured light, since so much
of it‘is wasted by absorptioﬁ, and converted into heat; bub
 where economy is not important, such as in theatre'lighting
this method of gaining effects is widely used.
6ertain materials differ with wegard to their selectivity,
according to whether the light is being reflected from them
or 1is being transmitted through them. Fof instance there are
many maberials such as coloured glass which have the prop-
erty of selective absorption, so that the light which is trans-
mitted will be "coloured" whereas the reflected light is
nq1selnbive, and reflects only the same wavelengths that are
played on 16 it. Where such a combination is used in a room
as a divisién between two spaces, the ﬁgtune of the light that
1s perceived on oné side is an addition of the reflected light,
(ﬁhich is a functioﬁ'of the light source) and the iighb
which will haVeAentered the further space, being converted to
- a cblour by the séleetive absorption, and then retrénsmitted,

and re-selectively absorbed, giving a very saturated colour.
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If in this case the illumination on the opposite side of the
éurface_is raised to a level exceedlng that on the other,
then the surface will appéar as a lighted coloured surface,,.,
so that in this‘way depending on which side is more intensly
1lit, the surface may be varied from a reflecting to a

trapsmitting surface.

‘biffusion 6f light, already discussed; occurs when the
particles of a material are many times larger than the
‘Wavelengths of the light, the action described as diffusion

is ﬁon-selective with regard to wavelength, and is a function of 1its
clmpositions. However when the diameter of the particles app-
roaches that of the wavelength of light which 1s played upon
it, a further phenomenon occurs, which is called diffraction,
and this may be considered to be the bending of light around
the particles, and this is selective to wavelength.

Moré shértvanelengths are "scattered" by diffraction thah
1ong ones, 80 that in general the light that is transmitted

is altered towards the long or red wavelengths, the scattered

light being blue, by reflection.

A further attribute of transmitting media, 1s that of refraction,
previously discussed for its non selective properties. It

ig also however selesctive with regard to wavelength, so that
when the two sides of a glass medium are not paréllel, as with

a prism, the spread of light is magnified, and the spectrum

igs obtained if a small angle of light is played on to one side.
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- Shorter wavelengbhs are refracted more than long ones, so
thatvas_&he amount of refraction increases with the angle of
incidéncevof the light, this angle determines the amount of
dispersion of the short wavelengths.

One further charactsristic, by which energy characteristics

may be changed, 1s by interference. For since light may be
congldered as a wave pattern, if two sources of light were

to sehdfout waves abt an unsynchronised wave pattern, when this
meb a surface, the light from both sources would differ as
regérd to diSplécement of the wave., Where this difference
amounted to a maximum displacement in one direétion,'and a
maximum displacement in the other, the light will "cancel itself
out! This is of couree assuming that the light is of a sinZle
waﬁelength. With white light, where all wavelengths are present

interference is found only in exceptional circumstances.

Such an exémple which may be a usefpl tool for the architect
is in the smébth:tranépareit or métallic surface, when such a
surface has a "grid" of fine lineSﬁécéred.on.ib. If a beam
~of parallél light is allowed to fall upon this, diffraction
takes place at each scratch, so that the space between ecch
scratch forms a new linear light source. If sufficient number
of parallel lines are drawn'e a whole series of ppectra can

' be produced. In the case of the metallic surface, that

1. Evans suggesbs 405000 per inch.
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that/
is scored, the reflected light passes by two different paths
to the eye, and the colour will change Bith the observer's
position. A controlled variation could be obtained by means
of a varlation of the nature of the source, depending on its
spéctral composition; wibhldifferent orientations of a mercury
arc source, the colour could be varied from bright green, to
- blue red dr yellow. .
An example of the same -effect can be seen in a clbse weave
curtain, which "intérferes" with the path of sunlight, to

give a ‘similar coloured sparkle.

One further aspect of transmitting media 14 offered by the
developments of Polaroid, When white light is played on

a polaroid film, the film passes only light energy on a certain
“axis;'and when a further film is placed in front of this and
rotated until its axis is at right angles to that of the

other, the light will gradually be cut out altogether, depending
on the quality of the polaroid.

In the same way as in the "photoelastic model" studies at
ﬁ.I.T.1' ,where a source of homogenous radlation is used

to achieve measurable stress patterns in model beams, under
load, so a sheet of célophane, or lucite with stresses applied,
could be made to stress patterns,such as are il%ustrated in
Figure. 3.3.4 . Ey means of a hole in the sheet of lucite, or

Murray. Prof;Manregor Seeing Stresses with photoelasticity.
= * Metal Progress. February 1944,
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_ a_series,of'holes, combinations of the various stress patterns
could be obtained. - |

The sheet of celpphane could also give various colours, and a

comb;natibn of colour and bands could be obtained. bifferent

types of source would give different characteristics, the line

spectré types would be more productiwe.

When light falls on opaque surfaces; as opposed to the
| transmitting surfaces which I have been considering, both
selective absorption and selécbiye reflection will take place,
depending on the néture of the surface, and the angle of incidence
of the light. The type of surface is important, for if

a normally éelective reflecting surface, ié,poated with a

film of varnish or polish, the light will not only be reflected
selectively from the uhaer surface, but non selectively from
Athe?odter surface. This is the reason that matt surfaces
iﬁ general reflect more of the incident light than glossy
surfaces, in an allover diffused manner. The glossy
surface will reflect specularly, in a single direction, depend-
| ing on the angle of incidence, so that unless ﬁhe“eye is
on this line, when the effect will be most 5right, the effect

is less bright than for a matt surface.

There is a further effect however from the shiny surface;

if it is looked at as a selective diffusing surféce, with a
non-selective reflecbive Surface above 1it, the process may be
more. easily understood. The light on the surface, 1is

partly reflected off, and part of it goes through to be diffused
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to be diffusea/on the selective surface below, ﬁhis diffused
light is then passed upwards through the reflecting surfacé,
which again reflects part of it downwards again, and allows

so much to go through. It can be seen that when hhis happens
several times by multiple reflection, there is a considerable
incréase in the amount of selectivity, and a consequent
increase, or intensification of the colour, This can be seen

in the polished wood of old tables and furniture.

 Summary of variables.

Basic light flux pattern,

1/ Variation of illuminant. Incandescent
Electric discharge
Fluorescent.
Flames.

2/ Variations of intensity, ,

3/ Variations of the relative size of the source.
Difference between natural and
artificial sources.

Objective world. (non-selective with regard to wavelength)
1/ Variation by lenses, converging or diverging.
2/ Variation as to diffusing properties of transmittiing media.
3/ Variation of source by reflecting surfaces, as for lenses.
4/ Variation of surface, according to angle of incidence of source.
5/Varliation of reflected pattern by degree of specularity of
a surface. ’

. (selective with regard to wavelength)

6/ Selective absorption of materials. Filters transmission.

7/ Selective reflection. variations of surface from reflecting
to transmitting media.

8/ Alteration of wavelength by "scattering" (by diffraction)

9/ Alteration of energy distribution by refraction.

10/ Alteration of energy distribution by interference.

11/ Alterations of both energy distribution, and pattern by
polarisation. . .

12/ Selective absorption and reflection of opague materials.
Difference due to surface specularity.
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From the foregoing discussion of bhe variables of which the
architect constructs his formal relationships, it can be éeen
that there is an opportunity for a considerable flexibility
of the physical envirnnmenb, by these means.

To this éan be added the variations due to natural sources,

and the addition of the time element, or mobility.

In order to achleve Specific; and controlled effects, the

<érchit§ct must concern himself with coordinated variations

of light and matter, and several ways in which this may be

done have suzgested themselves throughout the discussion.
éhédows .

As Gibson's data has suggested, shadows do not present a rel-

lable clue to "distance- from- you", but they.are an indication

of the éepth shape of objects, or their position and shape

in relation to a known light source.

Similarly if the depth shape and position of the object are

known the.shadows are a fairly'reliablé:clue as to the nature

of the light source.

For example a source at a distance, and of a2 small magnituge,
Jin relétion to 1ts distance, as in the case of the'sun, will
_throw a sharp shadow, whilst a source large in area in relation
to distance, such as an Qvercast sBy will throw a .,diffuse

type of shadow,’ This fact was mentioned in Part 1, as

being an important design consideration for architects working
in coﬁntries with varying lighting conditions, an example of

the highly textured walls of Italy being given, a coordination
| | 184
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between the surface, and the high sun angle.

In a similar way it is possible for the architect to use the
prOperby of "shadow" to achieve a particular effect, and varia-
tions of effect. | ,

Anvexample of this is shown in Figure 3,3.5, in which the
relabionship between two surfaces is shown, photographed from
two different aﬁgles, and with light sources at two different
points. |

In the first two, the camera is pointed straight at the surfaces,
which register no gradient of texture, being frontal surfaces,
and the last two the camera is at an oblique angle giving a
medium gradiénb of texture. (see fig. 1.4,1)

In the first and third the source of 1igh£ is at right angles

to the camera, whilst in the second and fourth it is at the same
oblique angle as the came@a.

The-variety of shadow, can be seen by an inSpectioh of the

texture, and the surface on the rignt hand, which is Celotex.

,Figﬁre 3.3.6 and 3.3.7 are further examples of architectural
ugses of shadows. They are ceilings‘designed by Luéio Fontana
for two'rdoms in which films are shown in Italy.1-

In these cases the objective world (matter) is designed in

relationship to sources of 1ight that can be varied. By

1. Illustrated in Domus. September 1953.:
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FIGURE. 3.3.5

Example of different angles of view, and different
angles of light source, on two surfaces, a surface of
material, and a surface of Celetex. (see text)



GURE:3,3.6.

Celling ef a Cinema in Italy.
Deslgned by Lucio Fontana,




FIGURE 3.3.7

Ceiling of 2 Cinema in Italy;,
Designed by Lucio Fontana.
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- By/

éarefullp designing the shapes of the pfojecting "pegs" .-

'so that they will reflect light from a certain direction, and
-cause shadows from light in another direction, it has been
arrangsd that variationl.of-the ceiling>patbern can be achieved.
As the illustrations show, the "texture" of the ceiling can

be reduced to a minimum, or emphasised by heavy shadow effects.

It is by such a coordination as I have outlined, that the arch-
- itect can ubilise the various methods by which the physical
environmant may be varied in a predictable manner; whilst

it is through lack of such a coordination, that the everyday
environment is so often meaningless, monotonous, and even

unsafe.

186



PART 3.
The Architectural illumination
of the Contemporary Living-gpace,

approached from the aspect of
flexibility,

Chapter 3,4
Unlity and flexibility.

Myvnew approach to flexibility outlined in éhapter 3.1

concludes with the final point_4/ concerned with the unification
of the scheme, and its integration with the "whole"” of the
design.

It 1s therefore necessary to end thls part of my thesis with

a review of aspécts of this unity, as it is affected by the
‘flexibility of the physical environment, in order to show

that faf from being incompatible, the one may derive from

the other.
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In the introduction I stressed the necessity for a more logichl
felationship between the architect and the illumating engineer,
advancing the idea that it is the architect, from his study of
men's needs presented by his program, who should be in a pos-
ltion to know what solutions in terms of formal environment
will best satisfy these needs, and for the illuminating eng-}
ineer to be in a position to supply him with a workable

‘solution in terms of illumination.!.

For the visual formal relationships of a building are not the
isolated solution to any single problem, but rakher the
compromise which 1s seen to meet the many different problems, in

the way best suited to the particular progranm.

Whén for instance two needs are sesn to be completdly incom-
patible, and that no visual flexibility will be sufficient,
then some other form of solution 1is seen to be necessary, as
for instance with a study and a children's play area; or a
photographic darkroom, and a sitting area. Problemsof Light
are therefore intimately connected with problems of space
planning, acoustics and servicing, and all are related tb

the problems of structure,

Knowing the methods of varying the physical environment,
as they have been discussed in the previous chapter, it 1s the
job of the architect to achieve as far as possible a balance

between- the various factors involved, which will give him as
1. See Chapter 1.2 for a further explanatlon.
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which will give him as/

total a solution to man's needs at.all levels as possible.

I have suggested that this may be facilitated by a coordinated
ﬁariation of the basic light flux pattern, and the objective

‘ world; for a total solution is one in which the means are an
integrétedvpart of‘the'design, so that the means for obtaining
.iiexibility,'arrivinguas-a result of "basic design criteria"
should contribute bo the unity of the environment, and

the totality of manb experience of it.

An example of this may bé taken from a study of the research
conducted in the past years into the science of acoustics,

it has been seen ag greatetknowledge has been amumulated

that the objective world has to be designed in relationship

to the wave patterns.of sound, if a total solution is to be
had. There is & completé analogy between this and the design
of the‘objecbive world iﬁ relation to the wave patterns of
light.

Also in the same way acoustic research hag lead to many new
forms derlived from the use of the objective world in a positiwe
gsenge; and it is thought that as a greater knowledge of

‘the interaction between ligﬁt and matter is obtained, new
forms will suggest themselves, owing their validity, in a like

manner, to a rational use of light in all 1ts aspects.
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In a similar manner to the objective world, so with the sources
6f light themselves, and the manner they are modulated and
rédirecbed by natural or artificial luminaires into the

space. The 18th century dining room, with its sparkling
'crystal chandeliers, is a good example of a fine coordination

~ between the flame source that was then used, and the cut facets
of the crystal. The effect was one of great liveliness, and
when the light playéd on to the table offi which were silver

~ and glass, and on to the diamonds of the ladies present,'the
whole effect was one of glittering splendoup, and of a

truly coordinated relationship. Such chandeliers today,
used as they often are with static artificial sources, have
lost much of their original effect, since the coordinated

relationship for which they were designed has disappeared.

The mobility of such light sources, and their relationhhip
to the "whole" of the environment, was in no sense & dis-
integrating factor, and in fact added in a positive manner,
to the delight that man received from it; and it is thought
that in 2 similar way, the flexibility of the physical
environment, as can be achleved through light, where this is
achieved by an integrated and unified scheme, will add
?ositively to man's total experience, giving him at the same

time a unity of that experlience.
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PART 4,
Specific Problem.

The Techbuilt House.
Weston Massachusetis,

Chapter 4,1

Choice of Problem, and
necegsary assumptions.

In order to apply the theories outlined in the earlier parbé

of this thesis to the pracﬁicél problem of the Contemporary
iiving-Spéce, it has been necessafy to choose an existing
problen, rather than start without any framework; for this

has the advantage that the theory can be applied at a practical
level within the pattern of existing architectural

compromise.
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Chapter 4,1

- Such an approach is not without its limitations, and these
should be made clear at the outset. The chosen house was
almost completed, so that from my point of view this is by
no means an ideal relationship between the architect and
phe'problems afforded by the illuﬁination of the building,
since these/should In fact be one of the basic design
considérations at the original conception of the building,
befqre the working drawings of the bullding have been
started. It might appear then that any suggested alterations
and modifications cannot be anything but "an additive"

or paliative to an existing structure.

This is naturally a very real limitation, but to offset bhis,
the problem has the value of reality, and even if the

solutions which are suggested are not for universal application,
it is felt that In fact this real approad¢h to an existing
problem with all its other aspects, such as construction,
planning, economics, siting combined, is of equal value to

the purely abstract approach of the Ideal Living-Space from

the visual point of view.

The problem that I have chosen is as follows:

&o seek a solution to the architectural illumination of the
Techbuilt house,(at Weston ﬁassachusebss. Architect., éarl Koch
énd'Associates. Cambridge ﬁass.) with particular respect tb
the ilving—space, |

It is considered that the living-space of this house 1is

representative of the best contemporary architectures
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Chapter 4,1

: ghe Techbuilt House has been designed in such a way as to be

a seml-mass produced article, which is capable of considerable
variation to suit the individual sites of New England, and

the individual bank balances of its inhabitants.

To quote from an'articlé'in House and Home Magazine, August 1953,

n

«+sthe builders can offer good living and good looks,

at a price substantially lower than anything else in

New England: T7.25 dollars per square foot.,

compared to 14 to 15 @ollars for a custom built house,

and around 10 dollers for a builder's model."

This has been done according to the article by reducing

the total outside wall area to a minimum, and by pushing the
whole house down into the ground, to give it as little wall
height as possible, added to its system of prefabrication

of large wall panels in 1ocal_sh0ps, reducing the on-site

work to & minimum.

It might also have sald that it was done by paying very
little regard to the needs of artificial illumination, but
since this 1s more or less current architectural practice,

1t goes without saying.

Various plans are offered with two alternative structural
systems, & three post section, with a centre column, and a
four post section with three 8 ft. bays. The Houses can

also be varied in length, to fit the needs of various sizes
of family( fhe internal arrangements of the houses are
extremely flexible, and meet: the various needs of the
contemporary family to a greater degree than almost all other
work in its class.
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Chapter 4,1

I enclose a set of plans of the Techbullt house as it is
6ffered to the publié, from which it can be seen that many
alternabive arrangements within the structural shell may
be méde.' The rationale of the constructional system can
be seen, which,although to Bome extent it predicates the
sloping sites of New England, leaves the orientation and

8iting for an individual solution.

After an analysis of the living areas of plans A and B
I declded thatufrom my point of view Plan A offers more
possibilibies, and inageneral sense.seems to have basic
advantages over Plan E; These advantages may be summarised

as follows. a) The living space is labger in area, and
is not connected to the kitchen, whilst
at the same time there is a small living
space attached to the dining room, which
would have practical advantages.

b) The living area, being on the upper level
has a much higher ceiling height, and
sense of space. It has access to a balcony
from which one descends to the garden.

~other advantages

c) The laster bedroom is connected to 2 bathroom,’

and faces east to get the early morning sun,

from one of 1its windows.

There are three other bedrooms, as compared
" to two in Plan B but one of these has very

little natural Tight, due to the rigidity

of the structural system at this point.

In order to make the problem as ldeal from my point of view
as 1s possible within the limitatlon of the existing
building, I am making certain assumptions, on which the

design will be based.
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Chapter 4.1

Basic Assumptions.

1/

I shall abide by the structural system, as a system,

- but where it can be altered without destroying the

3/

rationale of the system, such alteration would be

legitimate if the reasons for so doing are sufficient, '

I shall abide by the existing site orientation, and
iayout of the Techbuilt House at Weston.

That I shall be at complete liberty to vary the internal

_ arrangements within the space, to any pabttern which

5/

answers the needs of man, within the terms of reference Bf
my program, in a more flexible manner; or where flexibllity
is not thought to be compatible with needs, in a manner

more suitable to these needs.

That flexibility of the physical environment is desirable,
and consequently someﬁhing that Man considers to be

economically worth paying for.

That the electric light "fittings" as shown in the accom-

panying set of photographs, do not represent the choice
of the architect, since thése photographs were taken
ap the time when the house was béing sponsered by

a foundation separate to the architect's office,: SRR

1.  Reasons which would be fought sufficient, would be

those which showed that the preseht solution is in
some respect inadequate.:
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Specific Problem.
The Techbuilt House.
Yeston Massachusetts.

Chapter 4,2
Modifications to the Plan.

Perhaps I should have added to my list of assumptions (chapter 4.1)
gome sbaﬁementbregarding the future owner of the house,

I decided to omit this however for the following reason,

That if this new approach to flexibility is to have any

general application, it must be so designed to fib the needs

of man in a general, rather than a specific sense.

" There 1s one difficulty which arises from this, which can only

be congidered at the individual level, and tais is the actual

.

use of space, when 1t 1s considered that certain activities are
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Chapter 4.2

certain activities are/
related to unique needs, which are essentially incompatible.

I have given an example of tais in the case of the writer who

cannot possibly work when there 1s a great deal of other activity

and noise around him, for he, with many other men who are engaged

in some form of creative activity, at all levels, needs

formal relationships which provide" quiet and a space of his
6wn; he needs four walls, In such a case ag this 1t is
necessary to make’cérﬁain assumptions about the sort of people
that are going to live in these houses, and the assumption
bhatkI have made 1s that man does have many needs where four
walls are in fact the only answer, not only for the cresative
‘artist, but for the person engaged in stamp collecting, photo-
graphy and other hobbleg, so that in these circumstances

a "study" would be an advantage where the economics of the

situation made it possible.

The nature of the Techbullt house ié very well suiteéd to
édapt itgelf to the different spatial arrangements, that
different families may wish to enjoy, and the arrangements
that are proposed are not meant to imply that they are by

any means the only arrangement. They are however based

on what I consider to be the needs of man within the living
space, and vhilst it is recognised that different families
will prefer to sﬁress different aspects of these needs to the
exclusion:of others, the following plans are put forward as

a framework within which man's needs may be satisfifed.
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Chapter 4,2

Figure 4.2.,1 shows the suggested modifications to Plan A.

The following modifications have been adopted:

Lower level.
From the set of»photographs of the Techbuilt house as if was
built to Plan A at Weston, it can be seen that from the .
entrance, which is on a split level, a view 1s had of both
upper and lower levels. At present the view of the lower
level is one of the laundry, on one side of the children's
play area. This play area itself, when taken in conjunction.
with the flexible space of the children's bedrooms, provides
an area of nearly 450sq.ft. The dining room on bthe other hand
is combined with the kitdhen, and with a smell sitting area
at the opposite end with a fire place,
In order to get from the main living space, the family and its
guests, go down the staircase, are confronted by the laundry,
turn right into the dining room, where they are surrounded by
the cooking smells, and the used cooking utensils, whilst
they eat their dinner.
This solution to the problem, it is suggested is "the way
bhab folks like to live} this is a natural expression of
a way of life. It 1is howevér my experience that the quality
of the cooking, is in direct proportion to both the smells
of the kitchen and the numﬂer of the pots and pans used,
it is also my opinion, énd I can only speak for myself, that
wheén having any meal,a too close prbximity to its origin

does nothing but lessen my enjoyment of 1it.
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Chapter 4.2

By the modification as suggested in Fig.4. 2.1 the dining

room has beén geparated from the kitchen, whilst being related
to it by a small»servery, which can act as a breakfast counter
when rquired. The play space has been reduced to a size more
in keeping wilth bhe actual need. For formal occasions,

when the family and'guests g0 to dinner, the door to the kitchen
would be closed, so that on turning at the battom of the
stalrcase they would find themselves in a formai dining room,
with an attractive unit at one end where the food could be served
fépiéciﬁg*£hé“bld:fésﬁiéﬁédddrééserf a small gitting area

with a fireplace a2t the other, and a fine view out into

the garden., The advantages would be that either for formal

or informal living, the dining room would be a pleasant room
removed from the smells and paraphernalia of'cooking, wnilst
being easily served from an attractive servery related in a
practical manner to the kitchen itself.

The play space 1is relaﬁed in a more positive manner to the kitchen
and laundry equipment could be inset into the kitchen at

a low level, opening into the play-space; the top of it in the
kitchen, serving as é'preparabion shelf,

It is thought that by thése "modifiecations"; a solution more

in keeping with man's actual needs may be found.

Upper level. ,
It can be seen from the original plah A, in conjunction
with the photographs, that the area devoted to the the living-

space, that of some 550 8q.ft. 1s too large to be used as a
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Chapter 4,2

~used as a/

single sitting area, the more especially when it is recognised
that by the nature of the openness of the plan, the visual

area extends arouhd the fireplace stack to include the stair
case area.

This fact has been recognised by the Weston house solation, and
the space is divided up into two completely separate sitting
areag, with a study area between the two. The study being
divided from the first sitting area by a large unit, containing
every sort of radio and television device. The fifsb sltting
area which faces to the east, getting the morning sun,

would have the benefit of the television set. The second
sitting area is situated around the open fireplace, whilst
orientated towards the south, and having a large ﬁindOW up

to the eaves line, with a fine view of the countrysiée and
garden from bepond the balcony. ‘ The study, in between the
telewion on one side and the second sitting area on the other

would have the benefit of the disturbances of both.

The abéve solution recognises the great difficulty of providing
a satisfactory sitting area in which the television COmpetés
with the fireplace, and avoids the problem by providing a
separate sitting area. The problem which it does not solve

is that of the study, for as I have suggested theare 1s no
éolubion to.this short of four walls. The other factor

of the design which I find most disturbing is the lack of

any overall unity in the relationships of the varlous spaces,
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Chapter 4,2

apart from the enforced uﬁity provided by the pltched roof

line within the space. The unit itself which acts as the chi
space divislon, seems little related to the slope of the ceiling
as it cuts across the space, wailst there is an air of
impermanence about the loosely related sitting areas,’which

is reminiscent of a Hotel, or.a statioh waiting room.

By the modification suggested in Fig. 4.2.1 a separate study

is provided, which uses less space than that taken up by the
original study area, whilst at the same time meebing the

needs more fully. This allows an area between the study and

the bathroom, as a hall from which access may be had elther to
the study, the bathroom, a clothes‘closet, the bedroom, or

into the living area. It is consldered that this is a most

: uséful space, since it allows use of the bathroom from the study,
or from the main living area, in a much less "puhlic" menner,
whilst also arranging for thé storage of coats, and wraps

without necessary penetration to the bedroom,

This does not solve the problem of the living-space, which

is left to the éolutions of flexibility, as I have outlihed them,
The following chapter which deals wibh‘the solution to

this space, from the point of view of its illumination, will

make the manner in which this is accomplished clear,
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PART 4,

Specific Problemn,

The Techbuilt House.

Wes ton lMassachusetts,
Chapter 4,3

Solution.
a) The Plan,

In the previous chapter I have shown the general modifications
to the plan; the living-space itself, which has been reduced

in area, by the deduction of the study and hall space, was left
purposely vague, and it is necessary now to deal with this |

space in more detail.

A reference to Figure 4,2,1 will show that the replanned

living-space is now roughly square in shape, having a visual




Chapter 4,3

having a visual/
area of some 20ft by 24ft, since it includes the free standing

chimney stack, and the staircase.

The first problem presented by the space, 1s that the ceiling
piteh emphasises the longitudinal direction of the space,
whilst the end window which goes from a low cill height, to

the eaves line for the major part of the wall, emphasises

the transverse direction of the space.

This problem was recognised in the original Plan A, to the extent
that a large carpet emphasised the orientation of the space
towards thé large window. This seems td be unquestionably
correct, since the windows down the sides of the house, are
extremely small, havéng a height of only 5 ft.2 in. to the
underside of the lintol, which is reduced to a helight of 4 ft.5 in.
by the eaves line which comes down to cub out thé greater part
of the light, and most of the view.

In the day time, on entering the space, one's whole feeling

is one of phototropism towards this end, so that from all
points of view 1t is necessary that this transverse space,
24f t. by t12ft. which gives access to the balcony, and has its
own fireside area, should be thought of as.a gingle unified
gpace, rather than the $wo areas shown in Plan A.

Within this space, many different activities will be carried
on, and people will be in many different moods, so that flexib-
ility within the space is essential, énd the technical means

of illumination can be made to achieve this, I shall refer

to this area as area 1. (see Figure 4.3.1)

208




Chapter 4.3

" This leaves an area of some 96 sq.ft. opposite the staircase
which I shall refer to as Area 2. and which can be used together

with area 1. or separately from it.

Uses of area 1.

All normal sitting space uses. Sewing, knitting embroidery etc.
Reading{ writing
mnbertalnlng, tea, coffee, drinks.
Children's play
Piano playing
Conversation., Sitting.
Television
Radlo, phonograph
Study. and others.

Uses of area 2.
Certain more specialised uses. Card games,
Wdking room.
Children's study.
Painting. (natural 11gnt inadequate)
other uses. Entertaining.
walting space,
Uses of both areas 1 and 2 together.
For entertaining uses.

The two spaces may be thrown into one large area for parties,
or area 2 may serve as bar space.

Rrea 2 may serve as an anti-space to area 1, when guests are
arriving, either when a maild is present or not.

I have shown in the above analysis a few of the ways in which
the two spaces, may ‘be used either in conjunction, or
separately, for either a single purpose, or for different pur-

poses.

The manner in:which the two spaces, are divided,.or combined,
is by a coordinated use of light in relation to loosely woven
curtains., This is discussed more fully in the followlng chapter

on the technical solution to the problem.
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Chapter 4.3

It is fully realised that this does not seek to solve any but
the visualvproblems of the sub-diwision of spaces, but it is
thought that for general living conditions, this is in fact

a solution when agsessed from an economic standpoint.

The way in which the furniture might be arranged within these
Spaces;‘is illustrated in Figures 4.3,1 to 4.3.2 in order

to show the possibilities of the variations.

Each family would have many different variations, depending
on what they are ihterested in doing, and the furniture which
they ha&e available, so that the following arrangements . -

by no means exhaust the possibilities,

Arrangement A.

Area 1. is set up for normal living requirements, the space
being treated as a whole. The chair arrangement is such as
would enable separate groups around the fire, and television,

or a larger group to be clustered around either one,

Area 2. divided by a curtaining system, is set up for the use
of card games. Facing a different orientation, and with

less opportunity to see the view, this would make a variation
from the main area, to which the players might go for

refreshments during the evening.

Arrangement B.

Showe the two areas combined for a party, where Area 1 1s used
as the main reception room, whilst area 2 is used as an anbi-

room, where guests may be received on arrival, elther by the
204
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either by the/
~hostess, or by a maid. It acts as an overflow space, or as
a space where people can disappear to, in an unobtrusive fashion,

either to leave, or to go to the bathroom.

It should be noted that in both arrangements, the curtains
could be varied either to allow vision through from one space
to the other, or only from one space, and not from the other,

or not from either, according to whichever 1s desirable.

Other arrangements would incorporate a plano, 1if desired,

in whicih case the television and radio unit might be moved

to another place. For whichever arrangement that is desired
it is necessary that a flexibility of illumination is provided
sufficient to meet the needs; and in the following discussion
of the technical means that could be applied to this space

the need for an overall flexibility 1s stressed.

206









|r"--f’I“'ﬁ.’_l ‘

X 7 T dr,mﬁ! !; ]I' ’
Jf» ¢

: \\\_\\

e S—

ﬁ.-.*h/a_ _ez_ ‘ - ey -
/}4f‘€- o ya-Vea ,?fDILPr;/)c¢ !



PART 4,
Specific Problem.
The Techbullt House.
‘ Westbon, Massachusetss,
Chapter 4,4

Solution, .
(b) Technical,

In my first basic assumption, I stated that I should abide
by the structural system, since the logic of the Techbuilt
house 1s built up around it., I said also howevér that if
there were sufficient reason, I should be in a position to
apply modifications to the debéils without destroying the rab;

ionale of the system.

Such a detail occurs in the height of the roof. In the house

2s it is built as Weston, the height from the floor to the



Chapter 4.4

to the/

underside of the sloping ceiling, at the wall, is Sft;6é~in.
and hhe height 1ft.out from the wall is 5ft.10in. Thi-s: low
ceiling is insufficient for many people, and becomes particul-
arly noticeable at certain points in the plan. The door
between»the Bedroom1. and the bathroom, being a particular
instence, where it is almost impossible for someone who is

6ft. to walk through without banging their head.

In order to obviate this, whilst at the same time solving

one of the illuminating problems, I have raised the roof 6 in.

at all points, by means of'point lbading the beams, instead

of the present "uniform load".

In Section 4.4.1 the extra 6in of height can be seen, and a detail
6f the small diecast aluminium'suﬁpdrts is giving with the

details at the.wall plate, and longitudinal beam, in Fig. 4.4.2.

Section 4,4, 1 shows also the aropped ceiling ovef the hall,
which is of a louverall type, since no task requiring acute
vision is performed at this point. The specular reflection
from the surfaces below will not cause any undue Stresses. °
Above the louverall céiling is hung an expanded metal floor
on which can. be:puf sultcases not in use.rAcceasbeing from

elther end of the space, by means of removgable panels.

éabhrdom.
The bathwoom is it in two ways. Firstly the general illumin-
ation is by the indirect lighting of the ceiling. This 1is
accomplished b& "warm" fluorescent strip light, in the position
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Cﬁépter 4, 4

in Lhe pogition/

between the lowered ceiling to the hall, and the main beam;
See Fig. 4.4.1. In oréer to prevent‘the noise from

the bathroom passing too easily to the hall, and from there to
the main living space, the back of such a fluorescent fitting

would be treated with acoustic materials .

Apart from the ceiling lighting, a secondary method would be

by lighting the mirror over the wash basin.

Closet.
The hall closet would be 1it from the same lowersd ceiling,
by a modification to give a plain diffusing plastic bop to
cupboard, utilising the same fluorescent strips lights used

by the louverall ceiling.

Study.
The study ceiling is 1lit in the seme way as the bathroom, using"
the same sectionalAdetail. A further luminaire is added over
the desk. See Fig. 4.4.1
Aéédsﬁié control is gained by carrying up the partition

between the closet and the study to the height of the roof.

It can be seen from the above section, that the natural day-
iighting of both the study, and the bathroom, is also improved
by the modification to the roof, since it raises the thkree foot
overhang to the saves. This overhang at present restricts
botn the amount of the light and the amount of the view that

can be had, since 1t comes to a height of only 4ft.5in. above
209
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above/

an extended floor line.

By the sugges ted modification, the height would be raised to
5ft 2in. which would be a considerable advantage. The height of
of the ceiling 1ft. from the wall‘is_now 6ft, 4in.,

Figuré 4. 4.3 ‘shows the total area, wnich is under consider-
ation, and the Sections may be related to it,

From this plan it can be seen that there is a "luminous wall”
dividing the study from the Apea 2 of the living space, and
that there ig a curtain systen dividing the Area 1. from the
Area 2. betails of both these are given in Figure 4.4, 4,
betail 3. shows the system of curtaining, and detail 4. the

relationship of the luminous wall to the lowered ceiling.

Living-Space Area 1. '
Thig area is shown in section in Section 3. and the method
of lighting the ceiling is shown. The celling itself is
illustratéd in fig. 4.4.7. It can be seen that it is 2
'bextured surface, textured in a random fashion, by means of
small pegs and holes which cast different shadows according

to the manner of the illumination.

‘The overall lighting of the room, is performed by variatidns

of illumination of this ceiling, it would be varisble within

a range of some 30 ft.lamberts on to objects of average reflection,
(50%) which would give adequate brightness ratios on to

carpets, and other objects of lower reflectance. BSese Chapter 3.2.
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Chapter 4,4

The source of Illumination could be of several types.
1/ dold Cathode strip light. |

4 werm white light could be obtained, and by the use of a
high pressure tube, a continuous spectrum could be achieved.
‘This could be varied by mesans of ﬁhe voltage in a &ery
simple fashion, It is thought that three intensity levels
would be sufficient,
It would have the advantgge of keeping the fittings

themselves at a low thermal temperature, but the disadvantage

of using high voltages.

2/ Hot cathode fTluorescent.
By a method recently developed, it 1s now possible to
Vary the intensity of the hot cathode fluorescent, whilst
- maintaining a consbaht‘colour temperature, and spectral
quality of the light.
This could then bé jaried in the same range of intensities

as the cold cathode.

3/ Tungsten.
ébrips of incandescent tubing could also be fitted into
the type of fittiné illustrated in Fig. 4.4.2 In this
case the variation would have to be by means of the use
of combinations of the +&e strips themselves, rather than

by variations of the intensity of individual strips.

It is difficult to obtain high levels of illumination by

ﬁhese means due to the increase of heat.
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As suggested in 6hapter 3.3 the nature of the ceiling itself
would vary for the ﬁype of source that was to be used.

IP the case of fluorescent strip lighting, the pegs thems2lves
would have to be glongated rectangles, with their longest side
parzllel to the source of diffused light, if any appreciabde

shadows are to be obtained.

Howéver it would be possible to attach small point sources of
light at the cornefs of each of the panels, which when'used
in conjunébion with the dif§fused sources, would add a pattern
of shadow to the ceiling to give it considerable texture,
such point sources could be incorporaﬁed in a simple manner
with subtractive colour mixture filters, iﬁ order to

- allow a variation of the overall colour relationships in the

room, by reflection.

A remote control wiring system, could be used in conjunction
with both the ceiling panels, and the point sources, which
would allow 24 volt relays to operate the 120 volt, and
higher voltage cold cathode lightl‘ab'bhe point of use.

This would have the advantage of allowing oonsidefable
multiplicity of switching, without any danger from the

witing.

Further methods of varying the shadow pattern of the celling,
would be by natural means during daylight, and by the use of

mobile fixtures, which I shall discuss next.

1. If such lighting were to be used.
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The seéondéfy means of 1llumin:.tlon, would be by mebile
fixtures, which would be arranged so that high levels of
illumination could be provided at points through the room.
In ordef%obviate'the use of unnecessary electric leads,
é‘stiip wéuldvbe lead around the room, containing plug-in
points at close intervals. Other points would be available
ab the column. Such mobile fittings do not appear in the
drawings and perspectives, since this could be left to the
individual choice of the owner, so long as the general level
of illumiﬁabion can be maintained irrespective of such

fittings.

Curtain system.
To divide the area 1 from the area 2,a curtain system is provided,
as developedlin Chapter 3.3, It consists of a double curtain
rail (Fig. 4.4.4) in conjunction with a "light beam". It is
possible:to vary the transparency of this curtaining, by
alterations of the'illuminabion. The light beam and curtains

can be seen in the accompanying set of perspectives.

Living-space Area 2.
The general illumination is solved in the same manner for the
area 1. but it is thought that a possible variation in the
nature of the texture, might be introduced; Since the two
areés will be used as one single,Space from time to time, 1t

is not thought that any great differentiation should be made.

In addition to this there is the luminous panel Onﬂtheustudy

-
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Chapter 4.4

side, as detailed in Figure 4.4.4, whichvacts as a form of
variable surface illumination, of a low overall brightness.

The source used would be a type of line spectra source, such

as cold cathode, so that when filters are placed in conjunction
with this, as suggested in Chapter 3,3, the surface calour
could be controlled. Polarisation could alsb be used in
cqnjunction with strips of lucite to form patterns of the

type 11lustrated. | *

A section through the space is shown in Figure 4.4.5 which shows
an elevation to this wall, and to the translucent partition,

which appear also in the perspective sketches,
The above is a brief explanation of the drawings, the way in

which such technical means may be used to give a maximum flex-

ibility is the subject of the follewing chapter.

1. See Chapter 3.3 for a description of the method of
polarisation that could be used, to form patterns.
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A set of three photomontages
of the Techbuilt House,
showing the modifications
suggested as a means for
achieving flexibility

of the formal relationships.
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PART 4.
- Specific Problem.
The Techbullt House.
- Weston,Massachusetts.
Chapter 4.5

Solution.
(c) Flexibility.

Chapter 4,5 and the accompanying set of drawings, show the

way in which the general illumination 1s integrated into the
structuye, it is however necessary to enlarge Eo some extent
on the way in which these elements might be used in order to
achieve a flexibility of formal relationships such as I have

outlined in the previous discussion.
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Natursel Illumination.
ihe main daylighb for the space comes - through the large end
windpw,'which extends up to the eaves line. This is sufficient
for the main living space. Vhen area 1 is separated by means
- of curtains from area 2, the light reaching the latter comes
parbly by reflection from the ceiling, and partly from the
side windows. By raising the roof line the amount of light

from the side windows is improved sufficiently for most purposes.

There will be occasions on which it will be necessary to supo-
liment the daylight with artificial illumination, and this is
best accomplided by means of using a low level of general

illumination from the ceiling.

As suggested in Chapter 3.3 there is sufficient variability
throughout the day, and the seasong, to give a conétant change
of illumination, to add sparkle and life to the interior of

the room.

Artificial Illumination.
A range of flekibiliby is availavle as follows.

Ceiling lighting. Three levels of brightness svailable,
Intensity. on-each panel of the ceiling. This
would be arranged so bthat as witih the
three bulb lumineire, 1f ths desired
level is missed the first time, it
can be got by continuing to switch the
switeéh, unkil it comes again.

Colour. the ceiling would be painted a flab
: Mmite, and colour could be achieved
by a subtractive method. By means of
a light source with light of certain
pands of wavelength, the colour of the
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Chapter 4.5

the colour of the,/

colour cont. ceiling could be varied. This could
be accomplished by means of the mobile
fitbtings with selective colour filters
applied.

It is not thought that this would be
required often, but could be used for
certain effect during parties. In such
cases, the normal ce;llng lighting
would not be used.

pattern. As can be seen in the plan Fig.4.,4.,3

- the ceiling is divided up into arees.
3y alternative switéhing arrangements,
1t would be possible to vary the way
in which the textural patterns appsared,

A few of the types of patterns that might
be obtained are illustrated in Fig. 4.4.7.
meny other types are available.

By a combination of natural daylight,

and artificial light at night, a great

variety of changing patterns could be

applied. The texture can be made

practically to disappear, so that the

celling appears as a plain white surface,

unless fixated directly; or it can be

made to cast elongated shadows wahich

would add a great richness to it.

mobility. No arrangement hes been made for mobility,
other than that which would occur from
. the interrelationihip of the textural
- patierns, and the Tirelight.

It ié unnecessary in this chapter to deal with individual rooms,
éince general observations will surfice. It has not been
thouzht necessary to provide flexibility of formel relationship
in the hall itself (louverall type lighting), the study and
bathroom would have the same degree of flexibility of ceiling
illumination as the living-space but the nature of the ceiling
itself woulda differ. This would be painted in a lemon yellow
colour in the bathroom, in order to gainkin intensity from the
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Chapber 4.5

from the/

late afternoon sunlight, which would strike the inside wall of
bhe baphroom, and be reflected on to the ceiling.

The ceiling of the study would be left in a natural wood colour,

A flexibility 1s achieved on certain of the vertical surfaces

of the living space.

curtain system A variation of texture, and of transparency
’ allows considerable variation in the
manner in which the two areas can be
used. 1. '

Translucent panel By means of vines or fddiage, a mobility
gstudy/area 2. of pattern can be obtained from one
' dide of this partitlén to the other, as
the leaves move and become in or out
of focus to the eye. This can be
artificially induced by means of a
fan.2.

Luminous surface
study/area 2. " Either by the polarisation method
described in Chapter 3.3 or Dby the
simple use of colour filters, tracing
paper, silk screens etc; in combination
with a light source, variable in
intensity, it is possible to arrange for
a flexibility of both colour and pattern.
A further mobility of pattern can be achieved by means of
gome Fform of"mabile" which could be hung perhaps over the
staircase, whilst by means of a spotlight, its shadow could
be played on to the removgable panel of the storage space.

This is illustzéted in a photomonbtage included at the end of

{. This method is illustrated in Chapter 3.3

2. liethod applied in the exhibition of the Techbullt House,
at the Le Cordova Art museum. Kass. 1953.
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at the end of/
this chapter.

’

A further scale of flexibilit& would be provided by the use

of the mobile fittings sugzestad in the techﬁical solution.
These would not only provide for high levels of illﬁmination,

at points where information of a2 specific kind required it,

but by a careful use they could be made to piay an important
part in the intgrrelationship of light and shadow that the owner
of the house might wish to achieve, quite apart from the

manner in which the architect might arrenge the formal relation-

ghips of the space.

_ Summary.

It would be possible within the space, as I have modified 1it,
“to achleve a very considerable degree of flexibility of envir-
onment, according to the needs of the inhabitants from day

to day. . The means available are provided in a way which
would not involve considerable expense, and are capable of
modification by the individual owners as occasion demands.

It would be bossible to sit with a book using a candle, and
so érrange the general surround brightness so that no strain
would be encountered, wﬁilst at the same btime it 1s possibzke
to arrange for high levels of brightness throughjout the entire
living space. Added to this is a richness of variety of

texture,‘and of colour, to suit man's moods and his emotions.
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As far asg natural illumination is concerned, the amount of light,
and the direction of light can be varied by the nature of

the natural luminaires.

Vermeer painting in his studio, menaged by the simple use of
shutters to gain many of the effects that can be seen in his
éaintings, and such a variabllity as he obtained would be an
easy matter, with the modern methnods that are available in

the form of refracting glass, venetian blinds, and other forms
oftflexible means of control. Curtains, and combinations of
cuttaing, giving differenp textural patterns are other methods
whereby the individual could obtain his own variations, for
although the means for an overall flexibility must be prov-
ided” by the architect, it lies in the hands of the individual
to impliment such means by methods which afford an outlet for

his own tastes, and are govern by his own imagination.

A total flexibility can come only with an increase in the
scope of fthe life of the'individual, created and fostered,

and made possible by his formal environment.
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