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Kepes. "The Language oIf Vision."

"Spatial experience is intima.tely connected with
experience of light. Without light there is no Vision,
and without vision 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 regis tening 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 Relationships1. may be achieved."

Speaking of the architect, Ruskin said 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.
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Chapter 1. 1

The wisdom of his remark is however of wider application,

and the lessons to be learnt, are no less necessary today;

for with the development of electric power, the potentialities

of artificial illumination have increased to the degree when

it is possible to control the formal environment, both by

day or by night, to a degree scarcely dreamt of as little as

fifty years ago.

It is not unnatural with such a rapid growth, that anomalies

should present themselves, in the application of this new

tool of Man; for whilst some aspects of. Illumination, such

as Intensity tend to be exploited to their utmost, other

aspects such as the infinite richness, and variety of exper-

ience which may .be derived from variations of illumination

are so often neglected. Where 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 thought on the subject by men

of distinguished min(%s, and though it may be thought invidious

to choose any one individual from the many who have devoted

their lives to this problem, one may perhaps be forgiven for

selecting Matthew Luckiesh, since he has written more

about Illumination than anyone else.

Writing in 1930 he said 1.
"All arts that we enjuy

Luckiesh. Ma tthe w. Ligh ting and Archit e cture July 1930

.2



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.1. 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."

Luckiesh continues

.'the most. potent~ characteristic of light is its mobility
no other 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 19303- that he wrote

"Our 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. "the space structure of a painting alters with changes
of illumination." Kepes. "Language of Vision"

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

3. Luckiesh Matthew Lighting and Architecture July 1930

3



Chapter 1. 1

catalogue of lighting/

fixtures will serve to illustrate in 1953.

What then is the position of light in architecture, and their

relation to man today? A great deal of work has been

done on individual programs in order to achieve a unified

scheme of illumination which will be a satisfactory solution

in terms of man's environment, and in some cases solutions

of this nature have been conceived with the structure, and

mans other needs, so that to some extent a. total solution

has been forthcoming. Examples would include Schools, hosp-

itals and operating theatres, office buildings and others.

However I think that it would be generally agreed that in

the vast bulk of the architect'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

already existing structure.

A particular case is the contemporary "home", in this regard

oneof the most illconsidered building programs. It is in

the home in which Man spends a considerable part of his waking

hours each week that the weaknesses of the present 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 a few electric light points provided at so called

4



Chapter 1.1

so called/

s trategic places. In the majority of homes, this is aafa'fr

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 finish1:off the work, by planning within the efixt-

ing framework a "scheme of decoration" incorporating the colour

schemes of the walls,, furniture, 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 Amerioc was reminded

by Kromhout'

"Eany architects do not realise as yet, that only through

light do we see 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 order to create rhythm and contrast of
light and dark. In other words the lighting system should
be.risualised 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

5



Chapter 1. 1

That this has not been inculcated into the general philosophy

of Illuminating Engineering, can be seen from the following

remark, published by the illuminating Engineering Society

of New York in a Report on Home decoration, 1- in which lighting

is described as

"....a major element to enhance the carefully
considered work of architect and interior designer."

the implication being that the work of the illuminating

engineer .is to enhance, which the Oxford English Dictionary

defines as "heighten,intensify,raise (in value) exaggerate''

the work of the architect, thus emphasising the schism be-

tween the two.

For it is the architect who should in the original conception

of the building, know the relationships 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

sufficiently equal terms with the illuminating engineer, should

his program be sufficient to warrent one, in order to see

that not only he gets what he wants, but that the actual

sources of artificial illumination, the luminaires, are so

integrated into the -structure as to be a significant part of

the "total" concept of the building; not an additive feature

IE.S. Home Decoration-Lighting Illum. Eng. 1950 Sept.
Illustrated by "horizon House" Nela Park. G.E.C

6



Chapter 1.1

additive feature/

used for heightening, or exaggerating the effect, at its

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

In postulating that the architect is in a position to "know

what he wants", I am assuming that he comprehends the relat-

ionship between light and architecture, as they affect Man,

for if according to my original concept

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

then it is the architect, when designing the building, who

must think in terms of "light", if the resulting formal

relationships are to have meaning to Man.

There is nothirnew in this concept of illumination, as

anyone who has studied the architecture of the great historical

periods will have observed, and my reason for emphasising

what must seem to many people to be axiomatic, is that

I consider a restatement of basic principles is necessary.

Because of the nature of light, and its relationship to

form, architects of all ages have used it to a greater or

lesser extent to give meaning and value to their buildings.

This is expressed most emphatically by the architecture of

the baroque period, in which the interior and the exterior

were constructed in such a way as to allow them to be modelled

by light to a degree never experienced before or since.

Here this interactian of light on matter was exploited to

its uttermost in buildings such as the Vierzehnheiligen, and

7
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Chapter 1. 1

and/

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

down from an unseen source of illumination, on to the

gilded wooden reredoB, causing a moving pattern of light

and shade on the heavily mouhded carvings; creating an

almost living 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 where

present economy leads to greater and greater standardisation,

and more often than not to a poverty of expression.

In this connection Prof. Andersonispeaks of the

"Meaning of the ornamental surface as simply-the
base over which the cascade of lights flows
as water in a fountain,"

so that the physical form is only one of the means:of attain-

ing the impression on Man,

The different quality of natural light in different countries,

has always played its part in the form2that such buildings

will take, today no less than in the past; however it is

in the application of the great new tool of artificial

1. Thesis Instructor.

2. Physical form.

8



Chapter 1.1

artificial/

illumination, that the restatement of basic principles seems

to me to be most urgent.

The concept of illumination, as I have outlined it contains

en face two major components.

1. Illumination6  as a means.
2. Formal relationships.1 - as an end.

however there is 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

these aspects of the concept in turn.

1. Formal 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 thems&lves, but
rather a means without which the end, that of a satisfactory
human environment, cannot be reached.

9
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"Then 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 with me useless, though my soulimore bent
To serve therewith my maker, and present
My true Aiccount, lest he returning chide
Doth God exact day labour light denied?

Milton

PART 1.

Introduction
Man, Light and Architecture

Chapter 1.2

Illumination.

Illumination is defined by Kraehenbuehl 'as:

The density of luminous flux on a surface;
it is the quotient of the flux by the area of the
surface when the latter is uniformly illuminat&d.

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/

"-throwing of light on" or "shedding lustre on". Light itself

being defined as the natural agent that stimulates sight and

makes things visible, ...any source 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.

In dealing broadly with the subject of Man, Light and Archit-

ecture, my thesis must take both natural and artificial sources

of this "lighting up" into account, for if

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

then these formal relationships must be the direct result

of -te- the physical world acted on by "natural" or "artificial"

light, or combinations of the two, as they are expegienced

by Man. 1*

Natural Illumination

Traditional architecture of all 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 experienced by Man" since
man.experiences this interaction in a specific way. Chapter 1.4

34
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Chapter 1.2

considerable differences/

between the 'quality of illumination in different countries,

have resulted in differences of physical forms being applied,

relying for their validity on the nature of the local light

source, and the adaptation of Man.

Kromhouti-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 projecS-

ions, causing the slightest texture to appear heavily

moulded; and the Gothic carving of Europe, where considerably

greater depth of carving is necessary to obtain a commensurate

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 iian on an empirical basis, in his choice

of colour for external and internal use in his buildings,

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

curve of .unlight, the remainder of the incident light having

the spectral composition of skylight. See Fig 1.2.1

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

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

12
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Chapter 12

incident/

light on the open field would be the resultant of an entirely

different combination of the two spectral energy curves, a

more uniform spectra due to the diffusing of the light.

see Fig.1.2.2

It will be seen from these graphs that the physical colour,1 .

(or the nature of the light rays as reflected off any given

object) will be a function of the absorbtion and reflecting

characteristics of that surface, either natural or pigmented,

and the character.tic 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 condidions prevailing at the time. An example

being the magnificent sunsets in certain parts of the world

caused by dust particals or moisture of the atmosphere, which

absorbs light in the short waves of the spectrum, allowing

a greater proportion of the long waves to penetrate, thus

giving the red sunsets, that are considered so beautiful

and act as some compensation for living in such industrial

towns as Liverpool in England, 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 physiological
characteristics of Man. The Experienced colour then is the
resultant of the light source, the surface, and Man.

13



Chapter 1.2

However the natural illumination with which the architect is

most often concerned is not that which is received on a hor-

izontal plane in an open field, but that which is received:.

by the vertical surfaces of his building from a specific

orientation. In such circumstances it is not the total

combination of the spectral energ; curves of the sun and sky

that is received, but light.froif either the sky alone or a

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 of a 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'relative energy in the shorter wavelengths,

in fact it will be -more blue. So that if the architect

wants to paint a surface of a room, with this orientation

then the surface will reflect light at a higher relative

saturation if he paints it blue. Conversely a wall re-

ceiving direct sunlighhL, with its 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

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

14



Chapter 1.2

to intensify/

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 times cf day, if he is to be in the position

to utilise to the full the potentialities of the light source

in terms of the surfaces of his building, in a dynamic

relationship.

This information is no less necessary thati for the architect

to have a working knowledge of the angle of the sun for

different times of day throughout the year, in order that he

may design his openings and modelling to fit the needs of

Man1 a working knowledge which has been considerably better

inculeated into general architectural practice, leaving it

less necessary for stress in this thesis.

Ar tifiial Illumination

Man developed under conditions of daylight during the day,

and the light from the moon and stars, supplimented by

firelight at 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/

allove considerable latitude in the amount of illumination

and the colour of that illumination needed for the performance

of acts necessary to his existence throughout the twenty

four hours. However the nature of both daylight and firelight

is-one of variability, and mobility, the flickering of the

flame, and the variation of the sky due to the earth's passage

round the sundeand thl 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 obbained by the

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

Edison developed his" Ilament"-was the nature of the light

source to which IMans structure was adapted when the use of

daylight was denied to him.

However with the introduction of the incandescent lamp, and

its subsequent 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 torthis time. There is considerable

difference. between the spectral composition between the

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

1the 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.

* 1 16



Chapter 1.2

Tungsten light was the first popular form to be developed

in the incandescent lamp, this has a continuous spectra,

similar 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 towards the ultra violet. See Fig.1.2.3

Comparing this 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

the .warmer colours to be reflected to a great degree.

This is 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

characteristics of artificial sources, as this is reserved

for any necessary expansion in Part 3.

Briefly, with the growth of new light sources, such as the

electric discharge lamp, and later with fluorescent fittings,

further factors have to be taken into account; for their

spectral composition varies not only in the relative intensities

of the diffenent wavelengths, but is of a different charact-

istic spectra, that of the line spectra.

In such cases radiation is produced at certain discreet

wavelengths, a good example of this being the sodium discharge

17



Chapter 1.2

sodium electric discharge/

lamp, of which the only radiant energy in the visible spectrum,

1.
is in the Sdium D-lines of 0.5890 and 0.5896 - * giving

what is called homogenous radiation (acting at one wavelength).

As objects can have no colour which is not a part of the

source of 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 lit by sodium lighting.

Fluorescent lighting has a combined spectrum, consisting

of the line spectrum of the mercury vapour within the tube,

and the continuous spectrum of the phosphor coating on the

inner side of the tube, which radiates through the inter-

action of the phosphor and the strong Mercury line at

O. 25 37p. in the ultra violet band. This combination

may cause certain difficulties, as what may appear to be

a satisfactory coloured fluorescent source, maydue to the

limitations of its spectral composition, be deficient in

certain wavelerphs, causing incorrect colour matching when

compared with daylight. This has been found a most nec-

essary consideration when a high degree of colour matching

is necessary, -such as in Government fruit and cotton Inspection

plants, and in clothing stores.

Fig 1.2.4 shows a typical Mercury Vapour "line Spectrum"

1. Moon and Spencer. Lighting Design Addison-W'esley 1948
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Chapter 1.2

"line spectrum"!

to which the continuous spectrum of the phosphor to be used,

such as magnesium tungstate would have to be added. It can

be seen from the line spectrum, that there is no radiation

from wavelengths other than those shown, except for the

phosphor radiation, and this leads to the changes of object

colour that I have mentioned.

In some research by Commery and Leightor it 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.

Lamp. Phenomenal colour.

Daylights 4370 K. Orange.
De Luxe Cool XWhite. 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 investigated, 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

sources of varying spectral composition play, it may be

concluded that the choice of a light source, and more part-

icularly the choice of object colour in relation to this

chosen light source, plays a major part in the artificial

environment with which the architect is chiefly concerned.

1. Commery and Leighton. Fluorescent Lighting in the Home
Illum. Eng. Dec. 1950
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It is as necessary for the architect to have a working

knowledge of the characteristics of artificial light sources,

as we found it was for him to have a similar working know-

ledge of natural light sources, the sun and the s)ry; more

particularly when it is 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 throughdut 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 necessary also

for the architect to concern himself with the efficiency

of artificial sources, in relation to initial and upkeep

costs. The amount of light in terms of radiant energy, that

may be expected from a given amount of input in terms of

wattage may be an important consideration in large install-

ations, where the choice of the most efficient form of

illumination may be a design consideration outweighing others

of a less practical nature. Such considerations should be

carefully consideredbut where possible should not be

so overemohasised as to overrule solutions in terms of

human need.

Luminaires.

An Illuminating Engineering definition of the word luminaire

is as follows:

20
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is as follows1 *:

"A complete lighting unit, including lamp,
socket and equipment, for diffusing or
redirecting the light."

This makes the distinction between the luminaire as a specific

element, containing the source of light; and the luminaire

as any surface of the physical world which itself reflects

that light onto something else, such as a 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" to the extent that

thoy also "Diffuse, transmit, and redirect" the natural ligh t

into a building.

Illuminating Engineer

The position of the Illuminating Engineer, as I see it, is

to advise the architect, as to the"means by which he may

achieve" the environment which he desires to create.

In this sense his position is not dissimilar to that of the

structural Engineer cooperating 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 environment, it being the job of the

1. Moon and Spencer. Lighting Design. Addison-Wesley. 1948
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job of the/

structural Engineer to 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 from the outset of the program, together with

all other basic design considerations, as not to call upon

the structural engineer to perform the impossible.

This may also be said to be the position of the Illuminating

Engineer, for the architect must so think in terms of the

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 human environment. For as with the necessary

stanchions and beams of the structfaral 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 achieve a given result of light and shade,

colour and contrast. The architect must be "aware" of the

means since thbey tao -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

adapted and squeezed, of which there is such tangible

evidence around us' so in the case of the Illuminating

Engineer, he is asked to "illuminate" a building which is

already built or at all events designed without any consider-
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without any consideratioyi/

having been paid to mans need for light at times when natural

illumination is absent or inadequate.

Integrated solution

It is the duty of the architect to know what he wants, and

for the Illuminating Engineer to see that he gets it; for

the architect must so "order" his design, by a clear under-

standing of "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 the

building, that the Illuminating Engineer is contributing

in a positive way to the"whole" of the Building, its rhythm

harmony and unity, instead of adding "devices" to a structure

conceived without them.

Only in this way will the final solution, in terms of

a human environment be an integral and meaningful one,

rather than an additive and palliative device.

Where this has been carried out, even though: the original

conception of the "form" of the building may have been

limited, the results have contributed to some considerable

extent to the success of the building, and many examples

would serve to show this. However in the majority of "homes','

the subject for which a specific solution. will be sought

in a later Part 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.

23
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So little thought has been given to an overall concept of

illumination that such a course has been directly responsible

for the growth of "light fitting gadgeteering" of which we

have all 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.

For the provision of high levels of direct illumination at

specifies points in a room, such mobile fixtures may have

occasional validity, but this seems insufficient reason for

paying so little regard to the problems of lighting

that in the majority of homes the mobile light fitting is

practically the sole 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 a means by which
Formal Relationships may be achieved."

that an integral solution to the problems offered by illumin-

ation, as they pertain to Man, is likely to be found.

1. Kepes. G Article on Lighting for Sylvania. Unpublished.
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"Everywhere the" whole'j even the least and mob t insignificant
apparently, is the real wonder, the mirecle which holds the
secrets for which we are groping in thought and conduct.
There is the within which is the beyond. To be a 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 thuth, which are root&d in the whole
and have no meaning apart from it. " T

Jan Smutsl.

PART 1.

Introduction
Man, Light and Architecture

Chapter 1.3

Formal Relationships.

What is meant by a "formal relationship' 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: Shape, arrangement 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. S!muts.Jan C Encyclopedia Britannica.
Gk.Holos whole.

Entry under "Holism"
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Relation(ship): (degree of) What one person or thing has to
do with another. Way in which one stands
or is related to another.
Kind of connexion or correspondence that
prevails between persons "or" things.

According to the above dbfinition 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
Tactal .form
Audible form
Olfactory form
Taste form

since this is the mode in which various things have existence

to man, or manifest themselves. The architect is 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 vis&al form.in the main, and visual formal

relationships, or the degree to which there is connexion or

correspondence between visual forms,in particular.

In dealing for the sake of simplicity with visual formal

relationships, I do not wish to imply that I am trying to

establish a purely mechanical "relationship", since for all

theories dealing with Man sensory data cannot be thought of

as working in isolation, since any stimuli has its respense

from the total organism, rather than from only a local

mechanical correlation. Conversely any response is the result

of the total stimuli pattern acting on, the individual,

in addition to the "state" of the 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. The human animal

Light. The natural agent that stimulates sight,
and makes things visible.
Sources may be natural or artificial

Matter. Physical substance.

Physical form. 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 man exists, and
which is composed of physical forms in
relationships to eachother.

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

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

Visible idea. The notion that is conceived 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 learned
knowledge.
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

"physica1it environment, with which the architect is chiefly

concerned.
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Although it is difficult to postulate any precise theory

which will seem wholely logical, the above concepts seem

to have the practical advantage of getting over the difficulty

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 thafthe visible idea

is the result of marb knowledge of the physical environment

in a phenomenal sense (since it is obtained by means of his

senses).' This visible idea however, upon which man acts

is not the only "idea" or' notion conceived by the brain,

upon which 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 his hereditory or learned knowledge.

It is however possible 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 Tome, there are three fairly clear stages.

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

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

2 8.
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an accurate/
correlate of the-image of the
physical environment.
An interplay of light and shade,
on figures and mouldings, in
telatibnship to eachother, its
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" picturee
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, edges, shapes and intespaces, 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 position of formal relationships in this process is

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 himself. The architect must consider

his formal relationships in the latter light, if they are

to have malue to man.,
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For instance, Mans knowledge of his environment, say a table

on the other side of the room, 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 tobls at the dis-

posal of the architect; in a building they would be gieven by

walls ceiling floors, and things of the environment which

he desires to create, Gibson. has suggested that they are

composed of "surfaces, edges, shapes, and interspaces"

and they ar|e '"anasp'ct of" the "physical environment"

which the architect is called upon to provide, as a solution

to the human problem posed by any architectural program.

To what extent may they be considered to have value? Here

one is dealing not with the "physical environment"provided

by the bricks and mortar of the architect, but the phen-

omenal environment, as it is experienced by Man.

A formal relationship may be considered to have value to

the extent that it ministers to Mans needs . 4.

Geoffrey Scottl-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 is no appeal,
That is good which is seen to satisfy the human test,
and to have brought an enlargement of human power."

1. Gibson. J.J The Perception of the Visual World
Howard Mifflin Co. Riverside Press. 1950

2. As opposed to the "phenomenal environment" of 7Man.
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
need. 30
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When considering formal relationships as I have defined them,

there may be said to be 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,

In fact the physical environment of which I

have spokens is light plus matter.

Together these may be called the physical component of formal

relationships, but since these have to be "seen" by man if

they are to have existence in his Visual world, the third

component is Man himself.

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

his environment, occupies the subject of the

succeeding chapter.

It is convenient for the present to consider formal relation-

ships as an 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 only to the extent that they minister to

mans needs.

Gibsoni- as I mentioned has defined the Visual world as being

composed of Surfaces, edges, shapes and interspaces, he

continues that the visual 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 World
Howard Mifflin Co. Riverside Press. 1950
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This is the- description of the physical environment, whiuh

is the chief concern of the architect, since more and more

of Man's physical environment is being fabricated, and we

tend to live less and less in a natural physical environment.

"architecture simply and immediately perceived,
is a combination, revealed through light and shade
of spaces,of masses,and of lines.".

Here we find the psychologist in 1950 confirming the

aesthetic theories of Scott in a previous century, for it

is important that the architect should know the tools at

his command, Scott however in using the term space, rather

than Gibson!s combination of surfaces, edges, shapes and

interspaces, is using a terminology of which the architect

has been concerned, so that a brief analysis of space as it

is used in this sense is necessary.

The following example from Gibson will serve to illustrate

this.

Assuming that a Man is in space, that is to say in entirely

empty visual space, an atmospheric environment. He is at

the centre of a sphere of air, 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 t4tal darkness.

Atmosphere is assumed 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 there would be nothing on which the eye could 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 equilibrium, 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.

1. Space may be thought of as an aspect of the architect's
formal relationships, owing its existence to the three
component parts already mentioned, light, matter, and Man.
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To reiterate, formal relationships in an architectural

sense, 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 wtndows, and what may be seen beyond them, and the

artificial luminaltes, the "light" fittings. To the extent

that the visual world is without boundaries1 - they would

also be given by -the surroundings of the building, and its

relationship to the macrocosm. It would be impossible to

consider any of the formal relationships in isolation, since

the individual "parts" must contribute to the "whole" of the

Building, whils t being subord inate to it.2.

The architect must have a complete understanding of the

tools at his disposal, if he is to be in a position to

utilise his matirials to establish formal relationships

which have value to man. Having dealt to some extent with

the "light" component in Chapter 1.2, it is necessary now to

discuss 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. Solid walls
have give .way to glass. The Effect duPing the day is 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 fixtures
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

is 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 stinitlus

on the eye.-

An architectural 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 can

only reflect light in the long wavelengths. If light with

a char&cteristic curve or line spectra having a preponderance

of radiation in the whort wavelengths is played upon it then

it will be unable to reflect such light, and the wall will

appear black. If however light, such as tungsten is used,

which has a high radiation in the long wavelengths, than the

wall will appear a heavily saturated red. Such knowledge

is indispensable to the theatre designer, 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 d&spair, sunlight and shadow. * It is necessary also

for the architect to have an understanding of this process

since the success or failure of his formal relationships

relies not only on the light source, but on what reflects

the light.

1. These two curves will give the physical colour; the
phenomenal colour, or that which is experienced by Man, will
be given only when the physiological component of man is
also ddded.
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 reflectance

curve is comparatively non-selective, that is to say that it

will reflect to some extent at all wavelengths, with the.

highest radiation in the required band....this means that

generally 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 it is present

in the reflectance curve of the wall. This is often a

more disconcerting fact, since the subsequent effect is:.less

predictable, without a great deal of measurement. In any

cases where this is 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 opaque,

various forms of translucent plastic, glass, and other mater-

ials of this nature. In such cases it is 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 piece of glass of a particular characteristic (eg. opal

glass) may scatter all the light that penetrates it.

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

is to say is reflected, 45% may be transmitted, whidst the

remaining 10% is absorbed by the material. 1-

Lighting Design. Addison.-Tesley. 19481. Moonland Spencer.
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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, for the reduction of heat and glare in a

building4. In this case a percentage of the light is both

itransmitted and reflected, and a percentage is absorbed.

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

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

by the material, tend to alter the physical characteristic

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

material, in the sense that it will no longer absorb the

required wavelengths, and is therefore useless for the

purpose it was designed.

Since the general recognition of the need for high levels

of illumination in certain buildings, the manufacturers

of surfacing materials, such as acoustic materials, paints

and the like, generally publish with the literature on their

product, the factor of "reflectance" of the material.

What they publish is however the "total" reflectance of the

material, which depends on the nature of the light source.

In such a case the2illuminants likely to be used will be

Illuminant A. Approximating Tungsten

Illuminant t. Approximating Daylight.

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 circumstances.

3 7



Chapter 1.3

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 mirrob,

imaging exactly the light source, and its relationship to

the room. A perfectly diffusing plane is one which will

show no, images, and will appear the same from all angles.

Few materials are either 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, is a useful tool in the hands of

the architect who plans with a knowledge of its 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 many cases where no thought has been paid to it, it can

prove a most annoying feature of an environment.

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

by Gibsonl- this is "texture". The sort of surfaces that

we encounter in our daily life, are to a greater 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 important

role in establishing the relationship between one surface

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

in his visual world.

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 "formal relat-

ionships" in the past? It is necessary for an understanding

of my original concept, and in any future evaluation of

formal relationships in the later part of this thes&s, 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 th1is 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, as with the Greeks, or Fulleri- where the essential

integrity of a form of structure is exploited in a poetical

or intellectual sense apart from its human justification.

Contribution to this concept of form has also come from

those who considering organic forms from a structural and

atomis tic viewpoint rather than a dynamic one, are lead to

believe that a static form has an integrity apart from the

growth of life-pattern which has produced it.

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 Renaissance, in which the form of the city

was laid out as a pattern2 ' to which its subsequent growth

was made to conform. This may be said to correspond at a

1. Fuller. 3uckmaster. Dome construction U.S.A and Canada.
2. Rasmussen.Steen E Towns and Buildings. Liverpool Univ Press

1952.
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at a/

different scale to the individual parts oi formal relationships

of a 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 at all its levels.

Form in this sense becomes one of the basic criteria, on

which the buildirg 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

that 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

purposes 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 writ ten by abler pens than mine about

this for further stress to be needed.

Even so,a glance round our present day cities, not only

at what has been built in the past, but what is being built

at the present is an unfortunate reminded that the lesson

has been far from learnt.1 *

1. A typical example of this concept of form, of which there
is such tangible evidence, is the absolute static conception
of the Dome, into which shell all 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 buildiers of domes were to have their
way, 'alvisually boverty.strioken world would result, no less
anachronistic than Italianate Renaissance Palaces of Londoim,
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 exceptions

as with all rules, to have been "the lighting up" of an

already established formal relationship, or physical envir-

onment....it has been made to fit an existing static conception.

It is of course true to say that illumination has been used

also in the conception of extremely valaable works of archit-

ecture, of which an example might be the exponbnts of -the

Palladian Villa, for although the original idea of the form

may have been developed in a different country, the form

was sufficiently flexible to allow innovation, and in many

cases illumination has been one of the "tools" utilised

in the original conception of the building, instead of

performing the job of adding to or articulating an already

existing building.

2. The additive Concept.

Form is thought of as the end product of the satisfaction

of a limited set of criteria. This has been called

"the functional" approach, but to the extent that the criteria

usedhave been inadequate, this may be considered 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 theoretical studies of the 1930s, 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 means 4t night, were said to "express" the

purpose of the building.

By means of. the voids cut from the solids of the form, light

was allowed to penetrate to the inside of the building, and

the inside was unified with the outside. Old 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 this dissatisfaction to atavistic tendencies on

the part of an ignorant and sentimental public. The truth

of the matter was however the inadequacy of their conception

of form. Where the building programs were limited to

factories, and offices, or such engineering works as bridges

and road systems, the results to a greater degree satisfied;.

since they did in fact result from the needs of programs:in

which satisfaction of the practical aspects mentioned did more

.Iearily meet man's needs in a total way. However when the

programs were of housing, the result in terms of man was

unsatisfactory in many cases, due to the fallacy involved

in the concept. For formal relationships which are designed

or arrive, as a result of a satisfaction of anainadequate

concept of Man's needs, cannot be considered to be truly

"f unc tional".

The loudest protagonists of this concept 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

"functional approach" one can detect a magnificent disregard

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

and his housing scheme outside Paris at Bordeaux, one sees

the greatness of the artist in conflict 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 an adequate.

However on further acquaintance with the term "holism" it

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

obvious advantages in practice.

1. From the philosophy of Jan Smuts.
The following entry in the- Encyklooedia 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 o" discrete, 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 characteristicf,
and behaviour. 43
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When discussing 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 needsand secondly because form was arrived

at from a limited approach to man's needs. This third

concept Jthen has something of both the previous ones, in

that firstly, the form is considered as a whole, having value

of its own apart sfrom 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 a totality, must have a vital

force, or "wholeness" of its own. For Holism according to

Smuts is an attempt to explore an alternative scheme to

the mechanistic, or atomistic view, whilst yetg avoiding the

pitfalls of vitalism.

The resultant tatality of the building, may therefore be

considered to have an integrity of its own, whilst all the

individual parts and the formal relationships of the architect

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

of the building must contribute to a like degree to the whole

of the naturalor 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 Church. The

experience of it,

exists, the buildi

together with his

A good church may

vice versa, where

what is important

the totality, and

Whole of the Church is everything in Man';s

his initial need for religion, where that

ng itself, the clergy, and the congregation,

own contribution to the totality of "church'.'

be considered a very bad building, or

the other elements vary in value, but

is that the building should contribute to

as formal relationships may be considered

to be an appect 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 is concerned not only

with the visual formal relationships, which I am mainly

concerned with here, but with all formal relationships,

which contribute to the experience of Man. An example

being that in the office of an executize 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 wouad not meet the

demands of the executive.

4:5
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In such a case the visual formal relationships might be the

same had the walls been acoustically sound, the totality

of experience would have been just as inadequate, and for

exactly the same reason; an inadequate 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 architects today?

Perhaps a quotation from Gropius1 . will serve to show that

this attitude is not entirely absent.

"If the emphasis today is not on the Caesars, but on the
plain human being, we have to study man's biological way
of life, his way of seeing, his perception of distance, in
order to grasp what scale will fit him.- Buildings must
serve his physical and emotional needs, not dictate to him.
When we perceive space, the size of our bodies- of which

we are permanently conscious- 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 to achieve
unity of the physical environment; and knowledge of optical
phenomena is imperative to those who would design on an
objective basis. In this respect science can provide the
architect with the implements to realise his design. The
science of space can raise building 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 is 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.3icentennial 1946.

46



"Every external stimulation is refered to a sphem of values
based upon conscious or subconscious purposes of

the individual.

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

2
environment, 'and by a discussion of what constitutes value

in formal relationships, have tried to show that when the

holistic viewpoint towards them is adopted, 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 is dealing with man, they must

be considered 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 bf applied anatomy

and physiology, and also of applied psychology. Such a

view would incorporate what Kalff calls "positive comfort"

and Kepes2 - 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 satisfied."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 involve researches into the basis for man's

psychological 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 applicable.

1. Kalff L.C What is comfortable lightihg? Illum Eng.
April 1949.

Lines-Colour-Brightness. Philigis Tech. Review
December 1952.

2. Kepes.G Seminar "Vision Brightness and Dedign.
M.I.T Sept. 1953

3. Princeton Univ.Bicentennial. Planning Man's Physical
Environment. 1946 48
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In the 'light of this knowledge it is necessary to state,

that 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

terms of man, would result in "delight"." For in the lack of

further information about man's needs, and about man himself,

it is presumptious even to suggest that what "delights"

man necessarily arises from any need at all.1 "

Perhaps the most that can be said is that 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 their consideration

altogether.

The holistic approach incorporates, all man's needs, known

or unknown, conscious or subconscious, relying dor its

basis on a study of man as a total organism. And though in

the future it may be more 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 at 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
delight.
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Du.inggthis discussion, I have tried to separate where it

has served the purposes of simplicity to do so, the physica

environment from the phenomenal, and this chapter will be

devoted to a discussion of the human perception, 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

... the sensory modes of registering the modulated light,
the various sensations of colour, beoome the
means for the spatial ordering of objects and events.9-

In 1709 Bishop Berkeley wrbte"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 tb 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 bodies 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.banic facts that can be conned from any textbook

on the mechanism of the eye, and in order to avoid this

it is possibl1e that I may run into worse danger by experimenting

1. Visible. For the purposes of 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 may be a simple concept on which a practical

study of man's needs may be based.

Starting then from the qtotation from Berkeley, it can be

seen ,that what man perceives (as the end product of the

process, however this may be obtained) is a visible idea.

Continuing onon the lines of Berkeley, one might add

that man does not use his visive sense in order to have

a visible 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 philchsophical attitude

towards danger would have been unlikely to have resulted in

longevity.

These then may be considered to be two most important

aspects of perception.

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

This does not appear to be in any way an unusual way of looking

at man's visual process, to proceed...

. But we observe that the physical environment, as such, i's

not a visible idea, it is comprised of concrete discrete

wholes, to a greater or lesser extent. Nor does this

physical environment become a part of the eye in order that

we may experience it. The Man is placed in a physical envir-

onment, and yet due to his "visive" sense he is able to

obtain "visible ideas"about this physical environment 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 theories of the way'

in which the physical world becomes "the visible idea"

of which the Gestalt and Gibson theories myy 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 if one could establish the sort of inform-

ation that man needs, perhaps this method might be of more

practical use in ensuring that he gets it, than for the

illuminating 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

light do we need on this task, but rather, how much inform-

ation does a person need about this particular thing?

Perhaps if we enquire iniosome architectural examples, this

point and other differences between this approach and the

traditional illuminating engineering approach maj be

brought out.

Ist example. The design of a Restaurant.

It is impossible to think in the abstract about restaurants

in general, and to say that in all restaurants it is necessary

to provide so much light on the task, that of eating.

But a more productive way of looking at the problem is to

say; 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, they mnt to feel as though

they are having very special attention, but they are

comparatively uninterested in anything else that goes on

in the restaurant apart from their own little world. In

such a restaurant, which would cater chiefly for such a tye

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-

so wished. So long 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 so, he could

see to cross the floor between tables, and he would have

sufficient 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 compaiion
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his companiion/

might make during the course 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

relationships would have value to him to this extent at

least. Had less information been conveyed, then his actions

would have been in some way restricted, he would have been

unable to walk across the space easily, or he would have been

unable to ac t on the subtleties of inflexion of his compan-

ions mood; or had incorrect information been conveyed, such

as the bread looking green, or the wine 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 again 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 floor, waiters rushing about attending other

people, he would have been equally unable to act in the

way in which he wanted.

May 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 a 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

treat this problem by this present method of analysis.

However supposing for the time being that one could, 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 tha't he does have a meal in

as fast a time as possible, so that they can get him out, and

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 is likely to have to be designed in such

a way that the formal relationships of the architect will

convey the"maximum information"in the form of visible ideas,

upon which 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

is by no means awarys the case.
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2nd Example. Applying this method to two practical tasks.

Firstly climbing stairs. What is the sort of information

that is necessary. Again, as always information enabling

him to orientate himself in space, information of where the

s taircase is in relation.to him, where it leads. He needs

information as to where the first step 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 is assumed,

for instance when he sees a staircase covered with carpet,

he ascends on the "assumption" that below this carpet there

is a structural stair, and in fact much of the information

which enables man to act in and on his environment is assumed;

he assumes that the man driving towards him will continue on

such a course 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 check the position

of the f inal step.

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

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

the tangible formal relationship may assist particularly

where the visible idea is 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

primatily the information that is 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 ideas to

the brain, andAnotion of the printed page, as a visible ide'a

itself, about which the information must be sufficient.

The information must be efficiently conveyed, 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 would cut down the contrast between the print and the

page, so that information would be more difficult to understand.

glare sources outside the area of the book, which would

cause a strest on the eye, since it would have to concentrate

by the use o the muscles of the eye to keep the eye accommodated

to the book. There are other aspects which would lower

the amount of information that man could act upon, such as

poor printing; as well as print in an unknown language, or

the fact that the information cannot be understood, also

such esa great deal of noise causing audible ideas that

would conflict, rather than add to the visible ones.

From this example then it can be added that the information

must be -such that the visible idea can be understood 1  by

the person for whom it is intended, if "information is to be

past. Also that other ideas may conflict with visible

i. eas to the detriment of the passage of information.

1. For instance a Christian may have many visible ideas
concerning the inside of a buddist temple, but he wjuld
be incapable of understanding these visible ideas in any
complete sense.
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Other examples of this detrimental effect on the passage

of information in this example might be the fact that 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 might 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, aeea tbasis .f or dCailn is rndt allne. 6ly

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.Example.. Man's experience of the "whole" of the building.

Perhaps it is best to think of this problem as a an's

initial experience of a building.

The information that he-requires of the individual parts

of the composition, is his orientation in relation to them,

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 a totality,

5 8
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his action in this case may not necessarily be a movement,

but can take the form of an expression of pleasure, or dis-

pleasure, or even indifference, but may be said 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 Chapter 1.3 I said that "the resultant totality of the

building, may therefore be considered to have an integrity

of its own, whilst all the individual parts and the formal

relationships of the architect subscribe to this unified

whole." It is the information of this "integrity" 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

stretch this "information theory" too far, and although

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

which I am calling "the experience of a building as a whole"

can only be a truly unified one if the information of

this "integrity" aan 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 structure of colour and line, then this

work is of relatively little value to that particular person.
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As I have already saidi- the "whole" of the building, as it

is experienced 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 specific as to how much of a person's

experience of a buiAfg is the result of its visible aspect

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

However in concerning myself wihh "visible ideas" since

this is a thesis on Illumination, and illumination is

a means by which "visible ideas" are achieved2 ' it is.

necessary that I should try to limit the scope, in order

that the subject may be covered in as precise a manner as

possible; I shall therefore not concern myself with notions I

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 aspectsmans experience of his

environment.

Considering then the visible idea, and the extent to which

it answers man's needs, I am thinking of this ab present

in the sense of "information" of the physical environment,

which man needs in order to act, which is to say to

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

1. In Chaober 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

architect wishes.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 it.

To continue the analogy from painting, the painting 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 analysis is of the greatest importante. The

most superb craftsman may be a very inferior painter for

this reason, whilst the person of imagination, who is less

capable of conveying his message has more change of being

considered the greater. However it is when the eaecution,

or the manner in which the information is conveyed, matches

the inspiration, that the overall unity of the painting is

felt.

In architecture then the "information" of the "whole" or

the formal integrity, may be experienced by man in the manner

that the architect wishes, but the possession of such know-

ledge in no sense guarantees that he will experience "delight",

since this depends on the va'lhe of this "information' or

whether it satisfies him at all levels of his consciousness.
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Moreover since architecture is a social art, in that man

is in the position of being obliged to come into contact

with builings, and the artificial environment of the

architect to an increasing degree; it seems important to me

that 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 whole,

its significance as a pavt of its environment, and its

fittness 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

engine, that the first railway carriages should have been

made to look like their counterpart of the horse drawn days,

since the first information that the early designers wished

to convey was the information that here was something that

"moved" in the same way as the horsedrawn carriage, and

with all its safeby. This matched with the past experience

of the individual, and he was able to accept this more

easily thatj he would have done, had the carriage been more

truthfully designed.
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It was soon felt however that the information which these

carriages conveyed was incorrect, since they were no longer

suitable for their purpose of travelling at increasing speed

along a given 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 information available to him culminates in the experience

of the visible idea that this is a church.

Another man may look at the same building, and in his case

the information 1 t convreys 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

abs trac tion.

The fault may lip 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 something 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 is

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 add to the richness of man's experience in a positive

way) if tja1* va-ue of the ' inf orna-ton1_,' :in -teXnPn of "ma-

is insufficient to convey a satisfactory visible idea.

In a world where new materials, and new methods of structure

are resulting in forms for which there has been no previous

match, only time and man's inherent ability to comprehend

"the whole" whre it may exist, can decide whether such

forms do in fact convey the sort of information of the integrity

of a form, based on its essential iunity ,fitiess for purpose,

and its significance for present day life, which will

convey visible ideas

"which are seen to satisfy thehhuman test,
and to have brought an enlargement
of human power."

Perhaps it is possible at this point to summarise briefly

the main points in this information theory. Individual

information will vary for each program, and the importanbe

of the different points will vary relative to eachother,

so that in most cases some form of architectural compromise

will be necessary, in order that the most importanti.

aspects of information concerning the buihing, may be conveyied.
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Summary of the information for the visible ideas on which

Man may act.

1. The information must be correct, which is to say unequivocal.

2. The information must be sufficient, rather than maximal,
or minimal.

3. The information for all other ideas1' should contribute
as far as possible to the visible idea, and in no way
conflict with it.

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

5. The information mustkunderstood by the person for whom
it is intended. It must be capable of "meaning".

6. The information must be obtained in such a way as to
set up no undue stresses 2en the body's economy.

7. The information concerning "wholes" rather than the
sum of its individual parts should predominate, utilising
the inherent tendency of man to have "visible ideas"
which correspond to the "whole"
This might be considered as information of the Unity
of the building, or th6 integrity of the form as a"whole".

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

the information is conveyed". There is however a further

point which may be considered later, though since this is

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

to treat it in the same fashion.

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

1. Other than the visible idea. ie. audible and tangible.
a synaethetic solution must be sought.
2. By undue stresses, I mean such as to cause permanent strain.
3.! Such a lit would contain everything but the "value" of

the information.
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I stated at the outset of my investigation of this informat-

ion theory, 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 hadno intenti oto . ely mechanical

theory, which would say, "supply the right 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

the purpose of experiments into lightingl* 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 outlined it...but

by no sense of .the imagination could the result be considered

to have answered the mans needs in a total sense. What

has been lacking is not the information itself, but the

fact that the quality of the information has not delighted

him.

An example of this might be the difference between a reredos

by NIcisco Tome 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 1953.
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behind some/

altar in a simple unpretentious modern church.

The difference lies not in the way in which the information

3. conveyed, which in both cases may be most adequate, but

rather 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, splashing the gilded

wood, so that the quality of the informatiIn is of the

whole "wonder, might,and majesty, the transcendent character

of god, as it was conceived at this time." whilst in the

modern example, the rational simplicity of the information

that is given.is more suitable 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 the information,

over and above the manner in which it is conveyed. Since

this is not a thesis dealing with what is the basis of

imagination, this is something that I may safely leave.

For the purposes of this thesis I am dealing mainly with

manner bf the information, as I have outlined ,it, rather

than the quality that an individual designee may be able to

give it&-

In designing or judging a scheme using the above criteria,

the fact that this is not a final judgement must be born in mind.

1. Manner, here denotes "the 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.

ILLUMINAT ION

That illumination is considered
to be a means by which formal
relationships may be achieved.

That the formal relationships
of the artificially created
pgysical 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 "visible ideas" upon
which he may act.

In order that he may act, man
needs "information" of a soecific
character, for the 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 physical 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 incapable of quatitative analysis.

It involves the emotions and feelings of man, his hereditory

and learned personality, and is the suitable study of the

psychologist, from which research the architect will be in

a better position to understand the needs 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 architectural program, should

be considered from all these aspects.

3. The subjects about which the information is needed.

Here again one is dealing with something which is capable

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

into the following headings.

1. Information concerning the physical environment, in the
case of this thesis, this would be the artificial physical
environment creabed 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.

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

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

4. Information concerning other objects and people within
his physical environment, such as are notprovided by
the architect. His orientation to them.

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

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

different view points.

1. Physically.

2. physiologically.

3. psychologically.

The interrelation of light and matter.
This I have discussed already.

How this information is conveyed, in the
form of stimuli, and how the eye
receives it and is affected by it.
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 it.

How this information results in the
visible idea. the affect on the brain.
How the information is used.

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

process-as a whole, from the physical environment, to the

visible idea, and man's subsequent action.
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From the point of view of the architect however, it is

necessary also to analyse the process of vision, in order

to see how the "information" provided by the formal relation-

ships, is transfered by means of "light energy" of a specific

pattern, to the retina of the eye, and subsequently is

used by man as a "visible idea".

It is important that:

1/ The architect 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.

For the purposes of analysis,in the past what may be termed
1.

a "camera concept of vision" has been used in order to ex-

plain this process. There is sufficient literature to

make it unnecessery for me to go into this other than to

say that the eye has been thought of as a camera, with its

own automatic focussing and lens aperture adjustment, which

reproduced an image of the physical environment on the

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

Since the only part of the retina which establishes a focussed

1. Helmholz. Hermann Physiological optics. 3 vols.
edit. J.P.C.Southall. Opt. Soc. Amer. 1925.
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a fooussed/

image, is the central foveal area, which is concerned with

the discrimination of fine detail; this has lead in the past

to the application 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 gro*ing realisation that the eyes are

concerned not only with central foveal vision, but through

the whole eye, with the total organism of man.

For it has been shown that much of the nerve cirbuiting

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,

"go 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
environment. " 2.

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 atomisfic sense, for although one does

not deny that the organism has certain mechanical arrangements

1. Harmon. Darell B. Are we confusing Eyes with vision?
Illum. Eng. April 1953.

2. Harmon. Darell B. Seminar. M.I.T. Sept. -1953.
Vision Brightness and Design.
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certain mechanical arrangements/

these do not extend to the highest level, the psycho physical

stratum. It is the view of the Gestalt psychologist$ that

the ordered arrangement of visual phenomena, as it exists

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

self distribution begins beyond this point. 1.

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"

that the criteria for illpmination standArds is based.

These criteria include, visual acuity, speed of vision,

brightness of the task or contrast ratios, all of which are

based on a study of the central foveal areas. A wider

concept must be found which will integrate the results of

researches on the total organism, as he is affected by light

at all levels.

1. Katz David Gestalt Psychology its nature and significance
Trans. Tyson. R N.Y. Ronald Press Co. 1950.

2. Gerard R.W The biological basis of Imagination.
From/ The Creative Process. Ghiselin.

Univ. of Calif. Press. 1952.
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Physiological component.

If Gibson is correct, and there is an adequate correlation

between the image on the retina, and the physical environment,

or in other words an adequate variability of sensation

to account for the accurate perception of the visual world,

so that every variableiof the .physical environment, wai

transposed on to the sensory field complete; this would

accouht for the fact that despite the narrow angle of our

field of "fine discrimination" man is able to act with

considerable efficiency on and within his physical environment.

His theory fhilst emphasising the fact that the retinal

image is not an exact copy of the physical environment, thinks of it

as a very accurate correlate, he emphasises the close

correspondence rather than the differences.

Such a theory as Gibson's interests the architect particularly

since it concerns itself with this correspondence; for it

seems feasible that with a greater knowledge of how the variables

(physical environment) act as an adequate s'timulus, the architect

would be able to plan his formal relationships in a much

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

hope that such a knowledge would suggest a more closely

coordinated relationship between the Light and Matter

1. Gibson j.J. The Perceotion of the Visual World.
Riverside Press. Cambridge Mass. 1950.
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the Light and Mat ter/

components of the formal relationships.

The classical stimulus of the sensation of sight, is

combinations of the following variables:

1/ Wavelength of light.

2/ Energy or intensity of light.

however this would account only for areas of homogenous

colour patches of light, and it is the traditional theory

that the "mind" in the form of 'Gerard's little telephone

operator1. transposes these 'inadequate"stimuli into the

"percepts" of vision.2 .

Instead of the single spot type of variation, gibson conceives

the retinal image transposed as a "pattern 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 ez&itation gives the effect of apparent movement

in relation to the pic ture.

In the retina, the nerve cells (neurons) are in an anatomical

relation to eachother (as are the bulbs), but when a pattern

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

1. See previous 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

gives the pattern. When the eye moves the ordinal pattern

is preserved though you may be aware of a different part of

the pattern; whilet the anatominal pattern, the neuvolog-

ical structure, undergoes a complete rearrangement.

Gibson distinguishes beteween the phenomenal visual world"'

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

and edges, shapes and interspaces of the physical environment,

and for which there is an adequate correlation of stimuli,

and the visible idea 2 .which is 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 thegfore found for man at the phenomenal

level, since what Gibeon calls the "literal Visual World"

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

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

extent of abnormalities of the eye, or structural differences.

The aspect of Gibson's theory which most interests the arch-

itect, is the data on the ordinal pattern of stimulation,

since this is what accounts for the accuracy or inaccuracy,

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
experience, placing new experienaes in new contexts.
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In order to make this point clear it is necessary for me

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

show an examDle of how this may be used by the architect;

it is felt that a greater study of other aspects of Gibson':s

data from this point of view would be profitable.

Earlier 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 materials, 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 do they yield it, or in

what manner?

1/ It is composed of surfaces, edges, shapes and interspaces.

9/ 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

shade.

1. We are now considering this information at the Physiological
level, and from the visual point of view.
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Gihon gives the following data as to the nature of the

ordinal stimulation which yields these properties of this

particular aspect of the information.

1/ Surfaces.

The general condition for the perception of a surface

is the type of ordinal stimulation which yields texture. 1

.Surfaces are of two fundamental types; frontal, those

which are transverse to the line of sight, and longitudinal

those which are parallel to the line of sight. 'Fig. 1.64 1

A textural gradient can be considered either from its

gross composition, the roughness of a wall or a ceiling,

or from the point of view of its micro-structure, which

equally well mediates a gradient of texture. An example

of this might be the work of the Dutch painters, who

reproduced the texture of velveL in their paintings, by

attempting to recreate the simila ordinal stimulation

of the eye. The Impressionaists attempted to achieve

the same effect by an approximation of the total stimulation

rather than a microscopic analysis of its individual

parts.

1. Types of stimulation such as 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.

The general condition for the perception of an edge, is

the type of ordinal stimulation consisting of an abrupt

transition, between retinal .gradients, a jump between

the two. This is clearly indicated in such a gradient

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

Shapes.

This is considered at this point as the projected- shape

of the retinal image; defined by its surfaces and edges

it has a projected contour and depth shape.

The general conditions for the perception of shapes being

gradients of Texture, and intensity.

The depth shape is given by changes of gradient, or of one

rate of convergenee of a gradient to another.(as opposed

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

Interspaces.

As the background to objects, or the spaces inbetween,

the. "interspace" is however not seen as an outline or

contouri'

The general condition for the perception of an interspace

is the same as that for frontal and longitudinal surfaces.

2/ Its three dimenAional prpperties.

1. It is in fact difficult to introspect sufficiently to
see it as an outline for experimental purposes.
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Chapter 1.4

The perception of distance cannot be so precisely defined as

in the previous case, since it is not a simple stimulus,

but rather must be thought of as the summation of all the

stimuli acting upon the retinal mosaic. This is sufficient

in ordinary circumstances to give the impression of a world

extending in distance away from the observer, without any

"extra-interpretation" on the part of the mind, or of G-erard's

little "telephone operator".

Instances will occur when interpretation of the facts given

by the senses, will require the utilisation of all ones

previous knowledge; such an instance might be in the

judgement of the distance or height of aircraft. The same

ordinal stimulation of the retina will be given for an

aircraf.t of 50ft wingspan at 500ft, as will be given by

an aircraft of 100ft wingspan at twice that distance. In

a blue sky with nothing to which these may be related (further

cues being absent) the observer would have to call upon

previous knowledge of 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 correlates' have been given.

The ground is the main surface, but in the artificial

environment the walls and ceilings are also of value.
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Chapter 1.4

When discussing interspaces I showed that this was a question

-of the surfaces involved, and it is 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

Although the surfaces, and most particularly the "ground"

surface, are considered 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 then are these other stimuli and how are they related

to the pattern of ordinal stimulation of the retinal mosaic?

a) Gradient of size.

This may be considered in a similar way to the gradient

of density, s ince with most natural distributions*

the size decreases with distance. Figure. 1.4.5

b) Linear. Perspective.

Particularly in the artificial envirunment which we

are considering, the perspective of the pairter is one of

the cues...straight lines converging towards the horizon.2.

1' Trees, people, windows in a room, grass etc etc.
2. 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.
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Chapter 1.4

Such lines of this linear perspective would be given

by the edges or corners and would come under the same

pattern of ordinal stimulation,

c) Binocular perspective. Due to man having two eyes

which focus on a point of fixation, objects nearer or

further from this point have a gradient of binocular

disparity.

Between the nose and the next visually adjacent surface

there is condiderable difference between the gradients

of disparity, which gives us the impression of empty

space between ourselves and the nearest object.

d)Motion perspective. Decrease of movement with distance.

e) Aerial Perspective. Increase of haze with distance.

f) Perspective of blur. Decrease of clarity outwards from

the central foveal area, (decrease in number of cells)

g) Relative upward location. The natural distribution of

objects against a ground. Against a ceiling this

would be reversed.

This list from c) to g) are probably of less importance to

an understanding of the adequacy or inadequacy of formal

relationships, from the architect'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 above list may be added.

h) An increase of density of texture, on the more distant

side of an edge.

i) A change in the rate of convergence of a gradient on

either side of a contour. This gives its three dimensional

quality, rather than its distance-from-you property.

J) An increase in the relative shift towards uncrossed

double imagery1.

k) Shift in the rate of motion. A more rapid displacement-

of texture elements on one side of a contour, due to

movement of the observerts head.

1) Continuity of outline or completeness. Near objects

generally more complete.

m) Gradients of intensity, light and shade. This gives

information concerning the depth shape, rahher than

'the distance-from-you, since it is dependent on the

interrelationship between the light, the matter, and

the man.

See Figure 1.4.6.

1. For a further description of binocular disparity see
Perception of the Visual World. pp.106 Gibson J.J
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Chapter 1.4

3/ It is stable and boundless.

Postural and visual stimulation are reciprocal for the mediation

of, an upright and stable visual world.

However from the visual point of view under consideration,

it is again a question of the ordinal stimulation of the

retina. For as a man is confronted with a view, he samples

the complex order of contours and gradients of the potential

360degree image in a panoramic succession.

As his field of view changes, the ordinal stimulation of

the retina becomes a serial transformation, having neither

a beginning nor an end, and as time goes by he will have

sampled the light flux at a great many different positions,

in such a way that the "information" that he obtains will

be seen to approximate that of someone else who is present

at the same time and the same place.-

In this transformation of the ordinal pattern, certain

features are preserved, which give the effect of the stab3.lity

and boundlessness of the visual world, and others are not

preserved which give the impression of the observer's head

motion. It is 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 describe 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, but
its selection and summation into the visible idea,
would have differed.

__ __ _ 8 4
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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 serial transformation as has been suggested would

account for the fact that we move whilst the phenomenal

world appears to stay where it is.

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

shade.

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

have already discussed texture as a correlate for surface.

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

it is rays of this light which determine the specific

stimulation of the retinal mosaic.

From this discussion of the stimulus correlates of the

phenomenal environment, what are the main points that the

architect might be able to utilise when considering his

formal relationships in the light of "information"?

The most important point is that "texture" is of supreme

importance in all aspects of the physical environment,

whether it is in the conveyance of information about a sur-

face, or a shaoe, or the three dimensional quality of space.
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In order to show how such data.as this might be given a

practical application, an' architectural example might be

chosen to illustrate some of the points.

Example of a staircase.

I have discussed earlier the sort of "information" that man

needs in order to be in a position to act upon the stair, and

this at the level we are discussing would be information

of the height of the riser, and the depth of the tread, and

the three dimensional quality of their relationship. He would

want to know that they were stable and set into the coordinates

of his three dimensional boundless space.

As can be seen all this information is given by the properties

of the physical world which I have discussed, by means of

the correlatedl"ordinal stimulation" of the retinal mosaic.

It is the architect's job to present this "information" in

an acceptable manner, and so it can be seen that each cue

can be considered at this sensory level.

for example:as the texture of the surfaces of the stairs, is

one of the important conditions, both for the perception

of the staircase as surface, and for its three dimensional

presentation, it is obvious that the choice of textural

quality of surface is perhaps the one single most important

factor. I have suggested that by the reversal of a gradient

of texture the surface can be made to appear reversed, likewise

if the lowest level of a staircase 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
86G
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the floor carpet/

begins, inaccurate information may be passed. For if at

the point of decision as to the man's motor action, his

visible ideal. acts on such inaccurate phenomenological

information, the result may be an uncordinated environment

at best, and at worst an element of danger.

For in this case it may happen that 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, so that the edge being less clear either the man

would misjudge the number of stairs, or with other textural

combinations he might misjudge the height of the bottom

riser. In normal cases where the illumination of the stair

case is sufficient to give a sufficient number of cues,

an actual 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 qualities, and the light,

that a holistic solution to the formai problem is possible.

1. Visible idea. 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
stair case it is partially a learned mechanical pattern
of movement.
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Another example will serve to show how the stable and boundless

quality of the visual world has been used as a tool, this time

not by an architect, but by the film producer of the french

film "Les Enfants Terribles" by Jean Cocteau.

In order to achieve an effect of tremendous "space" within

a building, he limited the angle of the camera, to the groudd

surface, so that at the top of the picture there was an

increase of the density 'of texture, and at the bottom a decrease.

Within this surface, he placed firstly chandeliers which were

hanging, and appeardunrel- ted to this "ground"surface, which

added to the boundless quality by an assumed limit somewhere

above from which they hung. Then in the centre of this

space a smaller space was set up, by means of screens, within

which a good deal of the action of the film took place.

To this visual aspect 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 extremely poor film, for here the film director

has limited his cues to the three dimensional quality of

the space almost entirely to the ground srrface, and the

relationship of the various screens to this ground surface,

coupled with the serial transformation effect of the various

preserved features of the environment, such as the continuity,

and order, as the camera moved. The chandeliers 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 is shown to to give information of the

depth shape, rather than the distance, since intensity does

not correlate with distance. 1 -

Shaw has tried to show examples of the way in which straight

surfaces can be bent by the means of light. \7hat he was doing

was trying to superimpose a depth shape by means of illumin-

ation alone. 2 .

However in the examples that are shown, the fact that the

wall is physically straight is given by other cues which are

at variance with the gradient- of illumination. For whereas

the former relies on the relationship between the observer,

the object and the light, such a cue as the property of the

straight line, at the base and at the top of the wall is

invariant with any relationship, and is much more persistent.

An example where this has however been used with a greater

degree of success, was in the 18th century theatres in London.

Here an artificial gradient of illumination was superimposed,

by painting the actually flat surface of the auditoriu.m ceiling

as though it were a concave dome modelled by light.

In such a case, since the invariant quality of the line

would be the same either for a flat circle, or a dome base,

the result was fairly convincing. It is interesting to

1. The visual world does not get darker as it receded.
The inverse square law applies to points of light, but
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/

speculate that this "trick" was in fact a better solution

to the problem of creating an acceptable "space" within

the theatre, than the later vietorian examples, in which an

actual dome replaced the flat ceiling, having disastrous

effects on the acoustical properties of the hall.

The foregoing discussion of Gibson's data, by no means ex-

hausts 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 receives

from his physical envirormuenti- may be obtained from

studies coordinating the properties of the physical environment

with their correlates on the retinal mosaic.

Dynamic 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 factor which the architect must take into account,

this is the dynamic tendency if the eye to regain its

capacity to perform, or its full retinal sensitivity, which

is to say that the internal forces2 - of the metabolism

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 are balanced by the retina, and as far as possible

the function of the eye as an instrument for vision is

maintained.

An example of this is when fatigue of the photoreceptors

of the 9ye is caused by a certain stimuli distribution,

the organism is such that it is able to bring fresh neuro

muscular units into action, for instance in the case of

colour. According to the Young Helmholtz Three receptor

hypothesis, the eye has three areas of receptivity, in the

blue green and red wavelengths]. So that if the eye is

adapted to s~turated light of a blue wavelength, the

short wave receptors will be fatigued relative to the other

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

field 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 df 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.

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

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

1.Evans.Ralph M Light sources and coloured objects.
Illum. 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 its 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 light, the

aperture. closes automatically, by a reflex muscle action,

and remains reduced until such a time as the light pattern

changes. Such an adaptation of the eye to external stimuli

is automatic, and results not only from the impact of

light on the central foveal areas, but from.the total

brightness 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 much brighter light on the periphery of his eye,

this will affect his total adaptation pattern, and will

lower his effieiency. He will attempt to compensate for this

by "concentration"on the task of lower brightness, but

such an effort sets up a stress, which in certain circumstances

can be most uncomfortable.

Due to this "adaptation" effect, sudden changes between one

level of illumination and another require some time for the

necessary readjustment. -For though the eye is sensitive

1. A dramitic example of this is when driving at night,
the eye being adapted to the pattern of street lit
by the headlights of ones own car. -When someone else
approaches 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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is sensitive/

to an intensity range of the order of several million to one,

it accomplishes this by a dynamic change of its overall

sensitivity. The range of simultaneous sensittvity differs

from low levels to high levels of intensity.

Low levels. 10 to 1 range only.

,High Levels. 1000 to 1, in daylight.

The adaptation time from low levels to high levels is com-

parativly fast, whereas from bright sunlight to the level

of brightness in a photographic darkroom, may take as long

as half anti hour. The architect has need of such information

as brightness ranges, since when the occupants of a house

are asleep, it is necessary that any lights that are lef't

on in order to facilitate safe movement during the night,

should be within the range of' sensitivity to which he is

adaptated. Alternatively when a person is adapted to the

lights of the interior of a house, it is necessary that the

lights of his garage, and external parts of the house may be

adjusted to form a continuous scale of adaptation to the darkness

of the night. Such an approadh would assist man in dealing

with the problem of night adaptation in a more realistic

manner.

At low levels of illumination the maximum sensitivity of the

eye falls at a shorter wavelength than that for normal vision.

A study of the photopic and scotopic curves will show this.

This means that as far as brightness is concerned, the eye

will perceive as brighter the yellow wavelengths at high

93



Chapter 1.4

at high/

levels, and the green wavelengths 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 mae 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 as 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

physiological laws, for it is due to 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 wished 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 discussing the process as a whole, I have discussed

the first stage of the process, as to how "information" of

the physical environment is conveyed at a phenomenal level,

to the nerve endings of the eye. It is necessary now to

discuss how this information, is used by man, and how it

becomes the visible idea upon which 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 stimuli from

the physical--environment., by a process called sensory

organisation; whilst the latter, assuming that the retinal

stimulation contains all that is necessary to account for

visual perception, considered the Gestalt hypothesis as

unnecessary. 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 Tome at Toledo, if its form

is considered a variable of the "thing", what is th&s thing?
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Is the thing to be thought of as the moulded pieces of wood

gilded and set into a physical relationship with each other,

and illuminated? or is the "thing" considered to be the

visible idea that a person who is looking at it has?

One is again back to the irresolveable argument of which comes

first, so that perhaps Bishop 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 environment, 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

look at it and see it as the fine craftsmanship of his

friend, ar yet again as a garish "ornament" symbolising

nothing...since all these visible ideas do. occur to man, when

the phenomenal data is summated with the total stimili 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 formal

qualities of the physical environment, that are variables

not only of things, but of visible ideas, which are continually

changing. Whilst it is the "visible idea" that is produced

by the characteristic achievement of the central nervous

sys tem.
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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 experiments with monkeys,.it is seen that

respnnse to patterns of light flux takesplace after those

areas of the brain thought to be connected with vision have

been removed, so that behaviouD of certain types can be

accomplished through the lower levels of the central nervous

system without resorting to the cerebral cortex. 2 .

Each cut from this area of the brain will remove previously

learned patterns of behaviour, but will not stop the monkey

from relearning.

Moreover McCullog 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 perceives a form, where waves in the order of

20 per second make their appearance. Such an alteration

of brain 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 K. S IExperimental analysis of
Ins t inc t ive Behavoiur.
Psychol.Rev. 45.

2. The bark of the brain, where the "visual areas" are thought to
lie.

3. McCullogh. Contribution to Seminar. Vision Brightness and
Design. MiI.T. September 1953. 97
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the es tablishment/

of what I am calling "the visible idea" is expressly a finction

of the cortex, whilst certain other responses by man are

accomplished at a lower level of the central nervous system.

The architect is however interested in all levels at which

the informabion from his formal relationships is used, since

I have suggested that he must cater to man's needs at all

levels. 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 environment.

For instance it would be incorrect to assume that the formal

relationships act on the individual purely at the lower

levels of the central nervous system, but rather it would

be more accurate to say that this is 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.whothaving

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 environment, purely

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

ideas from the bombardment of new formal relationships, depending

on his structure, his state, and his activity at the time;

whilst after he has been through it often, he may not

resort to visible ideas at all, since his action, that of

movement through the building may be facilitated at a lower

level, if the information is adequate.

The ideas in his head at the time being of many different

natures, so. that if 'he is 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 accident.

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 his eyes closed, and still act with the same

degree of efficienty, which a knowledge of his spatial

orientation gives. What is meant is that he uses the inform-

ation from his environment, only at the level necessary to

perform the task of walking, so that he does not call upon

visible ideas about it.

Architects are often surprised that the general public do

not observe their carefully planned formal relationships

in the manner which they would wish; but the reason for this

is that the architect being concerned with the problem,

has a differ-ent outlook towards his building, and towards the
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and towards the/

buildings of others, they are searching for the visible

expression of all sort-s of spatial, and formal experiences,

they are consciously seeking 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 saying

"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 a level of his central

nervous system sufficiently high to meet this need."

One of these desires might be considered to be the

need to be "delighted" by his environment, to experience

with the curiostj of the child, the unity, and the variety,

contrast, and motion, in fact the whole richness of the

environment. For the child is like the adult who goes to

the city for the first time, and goes in a state "receptive"

to his environment.

It may be considered to be in the psychological laws of

Unity, and variety and contrast, and clarity, that the means

of satisfaction of this receptive state may lie.
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It is possible that whenItis bombarded by the contradictory

information, the disunified formal environment of the contem-

porary American town, 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 with 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 is necessary for this performance, 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 so used

to shutting out the environment, that he is quite unable

to "notice "it at. all; being inhibited it dies, and his
1.

visual sensitivity is irreparably destroyed. Such a sequence

would seem to be the only way in which man could possibly

exist at all in many of the "gas 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 is to be hoped that this is too strong a word.

.. . o



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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"It is 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 physical environment,
in a manner acceptable to him."

It has been pointed out that the formal relationships of

which the architect is concerned are not only visual ones,

but that since the main subject of this thesis is architectural

illumination, .amconcerning myself' wlth' 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 whidahe 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 information is conveyed, and the

subjects about which information is needed, all of which may

be thought of physically, physiologically and psychologically,

in order to show the varying importance which may be attached

according to the individual programof "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 small town on Okinawa.* A teahouse is being built.

Interpreter. "...but now Hokkaido wants some water to fill
the lotus pond."

Captain. r Water, where will I get water?"

Interpreter. " He don't know boss. But tonight we have a
party on the veranda, and the men's league
say we got to have water in the lotus pond.
The Paper lanterns don't make pretty lights
unless they shine on water."

The architect in creating his physical environment, cannot

think of man's needs from only a physical, or only a

physiological, or even only a psychological standpoint, it

is only when man is treated as a totality, that his needs,

and those other aspects which are broadly spoken of as

needs in a psychological sense, can be approached.

I have shown that the variables of his physical env&ronment,

are the variables of light and matter; or illumination, and

those materials, of stone, woodglassand brick of which

his buildings are constructed.

The following parts of this thesis will concern themselves

with these variables, in terms of the needs of man. For

if it can be shown that man is a variable creature, that

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

1. Tern Sneider. The Teahouse of the August Moon. Putman's
N.Y 1951
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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 pressures,the amount of space

that is available for certain architectuual programs, is

becoming increasingly limited; by the use of this tool, the

richness of man's experience can be increased, 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

shownhow 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 extent 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 ill-

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. 10 5
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PART 2.

Initial Premises.

Chapter 2.1

Man is variable.

As an introduction to the forthcoming discussion of the

possibilities of flesibility of formal relationships, offered

by architectural illumination, it is necessary to

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

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

The first of these premises is that Man is a variable crea-

ture, and many instances of this variability might be shown,

I shall however limit myself to a general statement as to

this variability, which in no way implies that there are
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that there are/

not other facets of this va'riability that might not also be

shown.

Basically it can be said that people differ naturally by

heredity, and artificially ande.naturally.by environment.

The hereditory differences cease at the point of conception

of man, being, thought to'derive'.fromthe characteristics of

his parents, present knowledge seems to suggest that these

hereditory characteristics have not differed much as a

potentiality in the history of man.1 *

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.

What then are the environmental differences that account

for the variability of man?

Man grows from his prenatal stage to birth, matdrity, and

subsequent 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. Woodworth and Marquis. Methuen.(revised 1949)
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The environmental influences act on the individual at whatever

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

his personality as a whole.

This individual personality,may be said roughly to consist

of three influences, all which are variables.

1) 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 permanent effect on these factors caused by

the environment.

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 ill 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.

2) State. (temporary)

This would be the temporary state of the individual

at the moment at which the environmental influences

were acting.

The individual might be asleep, wide awake, or just

sleepy. He might be hungry, or just have had an enorm-

ous meal. He might have had too much intoxicating

' , 1 0 8
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intoxicating/

.iquor, or be physically ill for any number of reasons

He may be in a state of excitament, over something, so

that his emotional state at the time varies considerably.

3) The activity of the individual at the time.

ThIs is his. focalisediactiylty, for which heis prepared, and

would cover his actual activity, and state of anticipation

of a certain stimulus. The man's response to any

outside influence is a variable of this state.

For instance if a person is developing some photographs

and someone switches on the light, his response is

likely to be considerably different to that had be only

been sitting in the dark listening to music.

These three aspects may be said to represent the variables

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 variability.

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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light or dark/

quiet or noisy, spadious or cramped, together with all

the other characteristics normally associated with

both the natural and artificial environments.

These three "stages of variability" as I have outlined them

are all interrilated, for the man's age is related to his

structure, his state and his activity, whilst both are related

to the environment of the moment. With such a continuous

scale of variabiliy, 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 that likes

and dislikes vary to such a large degree.

My second premise is based on the fact that man being a

variable creature, his needs differ Also to an'extent based

on this variation; and the extent which man's needs may be

satisfied results from a study not 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 or symbolises or expresses
something behind and beyond its retinal image -

Arthur Koestler.'

PART 2.

Initial Premises.

Chapter 2.2

Man's needs vary.

Broadly speaking man as a mammal may be said to have cebtain

basic needs common to all members of the species, such, as for

light and air, food and security, and within very broad

limits it is possible to generalise as to the fundamental

needs of man. At a different level, it is possible also

to say that certain groups of men have common needs; for instance

man at different stages of his growth has broadly speaking

common needs, such as the amount of sleep he gets, the type

of food that he is able to digest and others.

1. Koestler. Arthur. Insight and Outlook Macmillan. 1949
1 11
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However an objective 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 misapplication is when it is considered

that a certain physical environment will have the-same.

effect, either of pleasure or displeasure on man as man, for

the fact remains that due to the variability of man, as I

have outlined 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 people,

and yet the response varies, as there are people to see it.

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 like it 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 picture 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, either the same stimuli will cease to have any

effect on them at all, they will cease to notice the painting,

or they will have definite associations 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. W7hat is however quite

certain is that they differ in their reaction at different

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 part 1, the introduction to my subject, I have thought

of man's needs 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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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 does manchave 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

receives from the formal relationships of the architect,

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

value to different men.

An example of this concept might be as follows

Man as Man needs shelter, due to his fundamental need fob

secerity. 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.

Man as an individual however needs a shelter of a specific

size according to his family unit. However man as an

individual needs more than thiq,he has very definite prefer-

ences as to the type of house, the form, the colour, for

although there are groups of people requiring approximately

similar amounts of accommodation, the manner 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 increasing resistance
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increasing resistance/

to a tendency which he has thought will lead to greater

uniformity, and to an impoverishment of his individuality. 1

An example of the needs of one group of people being different

to that of another when the conditions are the same, is
20

quoted by Rasmussen in his book on London;' speaking of the

Anglo-Saxon inundation of what had been Roman England, he

says:

"they advanced plundering and laying waste 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 is

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 v7riability, which I have suggested as that of age,

but with the second stage of variabilty, with particular

stress on his temporary state, and his activity at the time,

as they are affected by his structure. For these vary

with the environmental factors acting at the time, 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 ovmers.

2. Rasmussen. Steen Eiler London. The unique City. - 1 5Jonathan Cape. 1937.
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and one/

can quote 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 satisfaction 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 as "atmosphere", so that whatever mood

he is in, he joins this or the other "group" for which

need there has been a group solution.

The following Chapter id 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 is shown that man's variability predicates

a variability of need, it is logical to conclude that

it is only by a'Ylexibility of solution that a total

satisfaction 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

1 17



Chapter 2.3

in answer to/

the group needs of man.

However this cannot be considered a total solution to the

problem in terms of man. For man 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 iith

which the architect must concern himself.

This discussion in concerning itself with the visual aspects

of such a satisfaction, is concerned with the formal

relationships of the architect, since these are the architect's

contribution to this "satisfaction".

An architectural example of what I mean may be taken from

the factory. In a factory in which a certain product is

made, the workers have certain group needs, which are

concerned with the machinery by which the product is made,

and their relationship to this. As a group they may re-

quire certain "information" in order that they may work

efficiently in relation to their body's economy and in

relation to the machine. However 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 is concerned.

This immediately suggests that factories in which a general

level of lighting is thought sufficient to meet the needs

of everybody has taken a limited view of the case.

However thdre is another aspect which is of equal imoortance,

1 18
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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

physiological structural differences of man1 . visual

acuity variations make it important that those people

who require what may be thought 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. For 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

easily with 500ft candles on a certain task, than younger

people work with " ft. candle on the same task. He suggetts

that only so much can be done by means of illumination, and

that as a worker gets older he compensates for this loss

of acuity by the use of a development of his skill.

This is an example ,of man' s adaptation to his environment,

and it is thought 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 variations of visual
acuity with age. I. I. T. Seminar. Sept 1953
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partially/

counteract for this difference, and perhaps completeky

avoid unnecessary deterioration.

Other examples that might be quoted are buildings such as

schools, where the answer to a group need has been

answered by a solution which takes into account only a

limited conception of the child's need, such as might

be considered where all the children (assuming their

individual need to be the same where the age groups are

similar) have only a single task to do. For the fact

remains that the varied activity of the child may call for

variety in the solution.

Perhaps one more example will serve to show a case where

variation of 'p$oblem'i" has been of such paramount importance

that a much more complete solution has resulted.

This is on the stage. Here the problem has met .

rithIa solgtion, pn terms of alterations of the physical

environment as 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 certain problems, and as man's

knowledge of man increases, 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 holistic sense,

comprises parts 3 and , of this thesis.

For it is in the contemporary living space, where man spends

such a considerable part of his life, from his cradle to

his grave, doing all the various activities, in all the sorts

of mental and physical states, that the obvious need for

flexibility can be seen. The power for the provision

of this flexibility, this variation and richness of experience.

lies in the hands of the architect, the value of its

possibilities can 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 skillful design, rich in contrast of tension and repose,
well timed and scaled to satisfy our urge to usee
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 is considered to be a means
by which formal relationships may be achieved. "

for by a study of Man, light and Architecture, I have. tried

to show that eqch in its way contributes to the formal

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, Matter, and to the extent

that a formal relationship is experienced by man in a

phenomenological sense, Man himself.

Since we are concerned at this point with a variation of the

physical environment as a solution to man's variability,

the fact that due to his physiological and psychological

makeup he will experience formal relationships differently

is not our immediate concern, other than to state that

it must be born in mind.

In this connection an argument might be advanced to theeffect

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 achieve a sufficient pattern of change.

Applied to the natural environment, this might appear to

have a good deal of validity, the seasons are sufficient

unto themselves. But in the artificially created environment

of the architect this is untenable, since it leaves out

many of the fdctors of man's variability, that I have suggestedi-

The variation of his task or activity alone would 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 following for consideration.

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

from its illumination, and a constant.,

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 firstly a variation of the "basic light flux

pattern" The mobile is stationery. By alterations of the

former variations of the physical environment may be obtained.

The colour of the mobile may be altered, its 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.

Considering secondly a variation of the mobile itself, or

the objective world, whilst the basic light flux pattern

1. To be called "the Objective World."
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the basic light flux pattern/

remains constant. Here a certain source is played on to

the mobile which is allowed to move freely, again there will

be a considerable variation of the physical environment,

variations of light and shade on its facets, and variations

in the shadows cast on to any other surfaces.

As may be seen these variables correspond 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 analysis, 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 pat tern may be considered to be

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 is under consid-

eration.

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;

whils t the wall on which the shadow of the mobile

is projected, might be thought of as the earth itself',
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the earth itself/

as being a 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 natural physical environment, resulting from

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 objective world itself

as the backcloth, with the growth patterns of nature. All of

these variations take place as a: pattern of movement in

time. Movement then is one of the aspects of the natural

physical environment that man has adapted himself to, and

it has been shown that this element of movement was not

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 variations of the

artificial environment 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. During the day generally speaking the

Basic light flux pattern is the sun, as it is modulated by

the atmosphere,(with a clear sky I have shown that 80%

of the light would come from the sun itself, and 20% from

the diffusion of the atmosphere, the sky.) which is admitted

to the building by what I have called the natural

luminaires or windows. These themselves "diffuse, transmit

and redirect" the light into the internal spaces of the

building. In such a case the basic light flux pattern is

still variable with the time of day, and the nature of the

atmosphere, despite the static nature of the objective world.

However at night tie position is changed, for to the extent

that the natural -illumination is no longer adequate for

man's needs'- he has resorted 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 these luminaires used,

and the differences of position possible with the

mobile t'pes.

1. speaking generally, 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 objective world, would be the bricks and mortar,

and materials of which the artificial environment

is composed. variations being possible by means

of alterations of positions of one object in relat-

ion to another, for instance the drawing of curtains,

or the movement of furniture.

It can be seen from the above analysis that the artificial

physical environment, which relies on these two elements,

is 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 insgance the

flimsy demountable partitions of the Japanese teahouse that

when placed in position form separate small tearooms, but

which can be removed to form a single large space when

this is what is needed. Such variations involving as they

do many of the other aspects of the formal relationships

of the architect, such as sound, can have only a limited

validity, when thought of as a part of the general archit-

ec ural compromise.

Despite the physical limitations of this aspect of variation,

it is suggested that rather than think of it in isolation,

the 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 studies of their interrelation-

ships with light. This would have particular validity in

the field of texture1 . where it is believed a whole field

of study is to be found.

However the variation of the basic light flux pattern, offers

an immediately rewarding method by which the artificial

physical environment may be made to correspond 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 this the variation

of the placing of. the sources in relation to each other, and

the combinations 6f different sources to set up a very

considerable scale of variations.

Over and above this there is the element of motion, of

which the na-tural physical environm6nt is so predominattly

composed.

"for motion frees the existence in time,
in the same way that openness frees the
perception of space.

Kepes.2.

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.

1"29
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"The form of the home is essentially inflexible,
and lighting is the only all over standard
home requirement, with the inherent capacity
for variety and constant change."

Nowland.

PART 3.

The architectural illumination
of the Contemporary Living-space
approadhed from the aspect
of flexibility.

Chapter 3.1

T4e' Contempoi-ary Living-space.
A New Approach to Flexibility.

It might be possible' to draw the analogy bbtween the present

day living space, and the "great hall" of the mediaeval

house in England, in which a great many activities were

carried on, in which case the wheeli.would be seen to have

1. Nowland. Roger L Illum. Eng. Feb. 1945.
Lighting Horizons.
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to have!

come full circle from the houses of the 19th century, in

which a most specialised use of the "individual space"

was made.

In the Victorian houses, the space was divided up into

ample areas where the individual needs of the family were

catered for, there were several reception rooms, a dining

room, study, a withdrawing room, sewing room, together

with special rooms for children in nurseries, and ample

kitchen and scullery facilites 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 housing 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 America. 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-it-yourself

policy dictates a more rational way of life. The infinity

of ornaments, and the richly decorated furniture have given

way to simple straightforward designs more suitable to an

age where machine production has almost completely replaced

- _ ___131
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almost completely replaced/

the old-style craftsman. A general lowaring of the stand ard

of living of higher moneyed groups, has resulted in a general

levelling off of the way of life. Lees space for more money

has dictated a more practical use of space, in which there

is less space given over to those activities of the home-

which are not continuous, and which can be done somewhere

else. The number of the reception rooms has been reduced,

and combined in maiy cases with both dining room, and study.

Bedrooms have been combined with nurseries, and private

sitting rooms. Maids quarters have been eliminated, and

kitchens have been combined 'ith 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

been quick to seize upon a notion which allows them to

experiment with spatial flow and open planning. As such

it may be deprecated by those who believe that it allows

insufficient opportunity for a "differentiated life" or

applauded by those who believe that it is a "natural tendency"

to which the drchitect is merely given expression. The fact
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The fact/

remains however that however we look at it, the contemporary

Living-space is an established artifact, which the architect

ignores at his peril.

We are faced then with the following situation; in the first

case the paramount need to solve man's problems as an

individual, rather than a group, which I have sh6wn in Part2

to necessitate variation of solution on the part of the

architect, a consequent 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 Engineering Society, in a recently published

handbook2on the subject talk of this"as the goal:

"The goal is a higher standard of performance
in those elements which are essential for health,
safety and atisfaction in the dwelling and
its environment."

Before continuing 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
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In dnch a d.iscussioitit is necessary to limit myself in the

main to the average home, since this is where the vast

majority of people live, and where any repercussions of

a new approach to the problem would have ultimately to be

felt. This then is in the mass produced housing, rather

than in the special high-cost dwelling where more individual

attention is paid to the needs of the people who are to

inhabit it. 1 - This would include the mass produced suburban

and town houses, and the large blocks of flats built for

general occupation.

I mentioned in Chapter 1.1 that in cases such as these:

"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 a few electric light points
provided at so-called strategic places.....this is as
far as the design of the formal relationships2. goes,
the architect's job is finished."

The result is 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. Vihich 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 England the position is slightly different to that which

applies in America. A central electric outlet is provided

in the ceiling of each room, and perhaps two other outlets

may be provided at the skirting level for the insertion

of moviable lamps. In which case an attempt iay be made

by the occupant by means of indirect lighting of the ceiling

to have a general illumination of the surfaces of the

walls and floor,.and this would be supplemented by points

of light when needed.

However in neither 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 singly or in

various combinations.

Variation 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

Variation is obtained by

a.Movement of furniture, which would also include the
movement of the mobile light fittings themselves in this
sense tboi.to the extent that they have a "matter"
component as well as a "light" one.

b.The movement of curtains, which are pulled to cover
surfaces such as windows at night, and also to divide
up spaces.

c.The movement of other such space divideds, partitions
of all sorts.

d.The placing of all objects within the space, ornaments
tablecloths etc.

So far in this analysis I have kept the consideration of

artificial light separate from natural sources, since it

has been agreed that the natural variations of the source

are sufficient, when considered in their 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.

vat then can be seen as a result of the above analysis?

The most fundamental point that is raised is the lack of

any 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 analysis are

secondly the very obvious limitations to these means for

achieving flexibility. The most obvious being the lack

of provision for any colour changes, the limited range

of intensity changes, the lack of any consideration (apart

from the open fire, which in many homes is absent altogether)

of the changes that can be wrought by mobility.

Thirdly the lack of any overall unity between the lighting

arrangements, 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 flexibility is considered to be a suitable

solution to the problem.

Bearing in mind these limitations to the present concepts

of 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 Flexibility.

1/ By a study of man 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
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his/

individual state and his individual activities, as they

differ with the tIme of day, and the seasons; ai-more

thorough understanding of man's visual needs as a totality

will result.

2/ A reconsideration of the formal relationships of the

architect, in the light of this knowledge.

3/ To consider coordinated variations of both the basic

light flux pattern, and the objective world, by which

man's needs may be satisfied in a total way, since

the variability of man' s needs predicates a variability

of solution.

4/ To integrate the means by which such ends may be achieved,

the luminaires themselves, or in the case of natural

illumination the windows and openings, into the general

conception of the designj making the same sort of comprom-

ises that are necessary in the final design, from the

viewpoint:' of each of the design criteria used.

The final unification of all the various elements of the

"scheme."

It is realised that this can only be a 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 sense upon man him-

self, it is true 'to say that the value of the scheme will

depend on the extent to which it minitters 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.

PART 3.

The Architectural Illumination
of the Contemporary Living;-space
approached from the aspect
of flexibility.

Chapter 3.2

Man's Visual Needs within
the Contemporary Living-space.

In the previous Chapter I outlined "A new approach to

flexibility", which I intend to apply to the problem of

the Contemporary 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 is an analysis of the relationship between the

pAysical environment and Man, in a visual sense.
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It can be seen from this analysis, that the relationship

is an extremely complicated one, and that there are many

ways in which the problem of man's visual needs can be

approached. For instance it would be legitimate to

approach them through man alone, in order to see what sobt

of a physical environment should be designed to fit him,

then again it could be approached through the physical

environment, in order to explore what man's needs are in

the physical environment as it is, get again man's needs

can be approached purely at the psychological level,

or again purely at the physiological level. All these

methods have been used separately or combined in one form

or another, and all have added items 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 suggest what I hope will prove a practical approach

which might be applied to architectural programs in this

connection.

The chap ter' 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

1.
environment, in relation to these needs, from the

points of view of a) Its nature.

b) Itsmanner of conveyance.

c) Itsvalue.

received by man at all his levels.

4/ A discussion in the light of this knowledge, as to

what de;ree of flexibility is desirable, and what

degree of flexibility would be acceptable, as an answer

to man's individual and group needs.

This is offered 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 Man into some set pattern; but rather

to add to the richness of his experience, 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,2

from the Mother bearing her child, to the infant crawling

on the floor, the adolescent doing his JLomework, the young

adult courting, and at the same time it is used by men and

women of maturity, and older members of the family.

structure.

The structure of the different age groups differs consider-

ably. The baby's vision is maturing 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 considered

in relation to this period of maturation.1'

Near vision tasks should be minimised 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

will reacte to gross differences, such as bright colours,

and large print, and movement, in order to orientate himself

in his environment. From these gross difference he will

learn to make finer discriminations, by a more accurate

fixation of objects. It is important that he should be

Luck&esh. Matthew Light Vision and- Seeing Van Nostrand N.Y
1944.
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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 forthcoming.

As the child grows environmental factors have more and

more influence on his hereditory trends, so that man

develops his acquired characteristics, of race and region,

according to his need to adapt himself to his circumstance.

For man's btructure 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 reflected light from the houses and roads makes

a strong impact on the eye, To one used to the greyer skies

of England 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 0:

From Weston's data quoted previously, it is apparent that

the structural attributes of the yision 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 is however now a modern tendency to avoid the
problem of "coming to terms with ones environment", since
in every way man tries to solve the problem in an artificial
manner, by air conditioning and other artificial means.
It seems possible that over a period of time, man's
1powers of adaptation to circumstance" in a structural
dynamic sense may be permanently reduced.
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so that the needs/

of man differ at all ages, with structure, until with the

very 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 becognised

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 important 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 recognised.

A further point already. discussed in Chapter 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.

state.

The state -of the individual at the time however, is something

that cannot be discussed without a consideration of man'

individual differences. For although it may be said that

differences of external environment may affect man to some

ext-ent in a general way, for instance the effect 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 colour, the

individual differences due to age and responsibility, make

such generalisations most difficult.

It can be seen that circumstances which delight man on one

day due to some special state of receptivity at the time

have no guarantee of delighting him at anbther time; so

that 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, illness; adaptation, and the like.

activity

The question of the activities that are performed within the

contemporary living space, has been the subject 6f the greatest

amount of research, since this has shown itself to be the

most rewarding, and where quantitative results can be

tabulated. An example of such quantitative data is the

recent book published by the Illuminating Engineering S4ciepty

on Residence Lighting1" where many of the tasks that are

performed within the contemporary living space are analysed

1. I.E.15. Recommended Practice for Residence Lighting Nov.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 think be useless for me to repeat this information

and 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 madelnecessary, 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 experience1

and all of these activitites are at some time or another

either separately or combined to some extent, to take place

in the contemporary living space. It is the job of the arch-

itect to create the ppportunity for the greatest possible

variety within the space.
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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.

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
this Lapacecis'their primary personal environment
and to enrich it by transforming it, is to
give life more scope and meaning."

It is true that man has certain physiological needs at

all ages, concerned with his structure, his state and his

activity, and that the solution must strive to satisfy

these needs, but it is equally important to satisfy his

needs due to these attributes at the psychological level.

For the living space is where man spends a great part of

his 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

himself in his environment, if he is to be able to perform

witin 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

hold conuersations, to sew or make clothes, and a hundred

other things, and in order to do this the information that

h needs must be supplied in a manner acceptable to him.

However it is possible to supply him with this information

in such a way as to satisfy his physiological needs, but still

not contribute to his experience in a positive manner.
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For as I have shown,a man's activity is not an isolated fact,

it is impossible to satisfy the whole 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 twist himself into

all sorts of contortions to read beneath the shade of a

tree, or even out in the sun, and still feel that the envir-

onment is contributing in a positive way to his 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 stresses 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 that it is impossible to set up

standards for positive comfort, and that the best that can

be done from the tables is to reduce actual discomfort to

a minimum. Positive comfort or delight, is something that

cannot be assessed on a quantitative basis, and can only

come from an understanding of man's needs within the

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 relatia to these needs, from the points
of view of a) Its nature

b) Its manner of conveyance.
c) Its value.

as received by Man at All his .levels.4L

From the diagram at the beginning of the chapter, it can be

seen that the interrelationship between man and his physical

environment is of a dual nature, it acts on him, and he on it.

So that although the architect may be at great pains to

provide formal relationships which minister to mans needs,

all sorts of other 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 relationship, and he has to

anticipate the extra-architectural paraphdhalia that the

individual owner will provide. Such items 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 out relationships 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 textures of the wall and

ceiling 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 is now necessary

to apply the aspects outlined to the Living-space.
1 49
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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 is 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

as such, but rather of certain interrelationships of light

and matter, which when perceived by man at his phenomenal

level, and translated into the visible idea, have a value

as a "whole" apart from theitpurely physical aspects. 1'

So that information is not necessarily "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 conveyance.

Various points are raised concerning the- list given in

chapter 1.4 as to the manner 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 surfaces, and in the case of young children who

are in the process of maturation, the surface to which they

1. Example in chapter 1.4 of 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 confusion of tbeir experience.

However there is 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 shown 1 - that by means of coordinated variations

of light and matter, it is possible to alter the "apparent"

relationship between the physical 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

as such, though this is seen to be necessary in certain

circumstances, but rather to the wishes, or the "formal

relationships" of the architect. It is the job of the

architect to understand the formal relationships he uses,

so that such a sophisticated approach to man's environment

is not fraught with a lowering of man's 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 floor, 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 limitations of the medium, and the presence
of cues -of a different nature which conflict with his
evidence.

151



Chapter 3.2

The second point is concerned with the fact that the

information should be sufficient, rather than maximal or minimal,

and the living-space raises certain problems of its 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-

ation required from other formal relationships 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 very beautiful statue, there would be occasions on which

he would want it to be an important part of the formal

relationships of the room, whilst at others, since a variation

of his experience of it is essential, he would not want to

be so conscious of it. This may also be the case of

paintings which are hung in the room, whereif they remain

a constant part of man's experienae, they will loee their

dynamic affect.

This fact of "sufficiency" of information is one of great

importance in th&s type of program.

The third point, is- that the information from all relationships

other than visual, should add to the totality of experience.

A clear example of this is where one activity in the home

is connected With considerable noise, 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 home is so usual, that man in self defence

has raised up a barrier of negativism against it; but even

allowing for the presence of such a barrier, there are certain

of man's psychological and physiological needs that are

incompatible.

Also under this heading would come those formal 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 are

none the less a disappointing feature of the physical

environment.

The fourth point that I think needs consideration with spec-

ial regard to the living-space, is that the information

should 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 quantitative 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.

It is suggested that you should always arrange that the bright-

ness ratios within your field of view should be carefully

153



Chapter 3.2

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 the Illuminating Engineering Soc. such as

are given in their recommended practic for Residence Lighting.

They suggest that the task has two areas around it, an

intermediate surround, and a general surround. They suggest

that the intermediate surround should not be brighter than

the task, or less than 1/10th as bright, whils.t the general

surround should have no apprealable area. of brightness more

than 10:1 in ratio to the task.'

Whereas it is comparatively easy to apply such standards,

and to see they are carried out in such programs as offices

and schools, it is by no means so easy in homes. For it must

be recognised that the response to a stimulus is a total

response from the whole man, to the totkl stimuli available,

and whilst in offices people in general are placed in a

specific 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 it 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 achieve a 3;1 or 10:1 ratio.

and it is felt that there are occasions when such a relationship

may be necessary, 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 of discomfort, whilst what the architect's aim must

be is to establish in a positive way the variation of

environment which allow bin to lead a much more full life.

He must provide for the high levels of illumination which

will reduce the stresses on man when he is doing a complicated

visual task, to a minimum, but at the same time he must also

provide for the man who wishes 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 is learning at school is under many different

stresses upon his system, whilst when he is at home in bed

these are negligible; between these extremes there are

many gradations, for the architect is concerned not so

much with the fact that there 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 vue 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 its own, but rather it is 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 is evident from the preceding discussion that there is

a considerable variety of need within the living-space,

if man is to be aatisfied at all levels, so that the

question that remains is 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

that the ranges of such a flexibility should be easily

controlled, so that the means themselves are not so eumbersome

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 play,

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

who may only be writing a letter, would not experience any

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 where the needs

are totally incompatible, then some other spatial solution

must be sought.

Questions that might be asked are

What upper and lower limits of intensity would be

sufficient to meet man's needs?

What range of colour relationships?

what differences of texture?

What contrasts of shading?

what spatial differentiation?
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This seems to me to be a more profitable way to look at the

problem, 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 is the highest range of intensity that may be

needed at any point, or at specific points throughout the

space. The Illumination Engineering Society suggest'

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 reading, with a book of moderate high reflectance

the task brightness would be in the order of 130 ft lamberts,

which would be in excess of need 2 -, also supposing two

different people were using this same source for the two

activities 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 ration

of the Illum Soc. are to be met.

However if each person were to have his individual source

1. ~.E.S Recommended practice for residence lighting.
1November 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 some 36 ft.lamberts which

would allow the general surround to suit both the people

at a brightness of say 4ft lamberts.

This as I have suggested is by no means 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

les s than 1 f t. lambert brightnes s on his task, whils t 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 sewing 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, *

whilst it should be possible to arrange for high levels

of illumination at points throughout the room, in order to

providet sufficienabl: 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

cannot possibly 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 sugges ted that by a further

investigation of Gibson's data the architect may be in a

better posibion to utilise these aspects 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 chapter,

The economics 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 installations would be heavy; it 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 rather than something that is an additive factor,

such as the chrome on automobiles, these initial costs

would be cut down. It would no longer be a question of

whether to provide it or not, but a question of being unwilling

to.impoverish ones range of experience by doing without it.'
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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 Chapter 3. 1 I outline a new approach to

flexibility, startng with a an examination of man's needs

within the living-space, to the extent that they show.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 considerable

rqnge of variability. It is now necessary to deal with the

next two points in this approach.
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Firstly a reexamination of the formal relationships of the

architectwithin the living space shows that the means for

this flexibilty is generally lackingl- and that the means,

which are seen to be variations of light or of matter,

are not coordinated, so that such a flexibility as I have

in mind cartbe accomplished.

Secondly 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.

Supposing the light component of the formal relationship,'

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 effect will be *to light up the surface.

This is a very simple example, which has little architectural

validity, but it shows how coordination is 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 architectural example which is frequently encountered,

is the relationship between a light 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 oontrast between the ink and

the paper is obtained. 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 specular

manner, the contrast will be reduced, and the same amount

of information will be more difficult to receive. Normally

by tilting the book, this can be reduced to a stage when it

is 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 achieve.

Thi particular effect can be eliminated by the insertion

of a film between the source and the book, of a highly

diffusitg nature, so that the resultant incident light is

of a non-specular character, but when this is done it makes

the light less suitable for other activities which rely on

specularity of the source to add sufficient highlight

to aid the contrast, where a depth is involved, such as with

materials.

What. then are the means at the disposal of the architect?

Firstly they are means associated with Light, and secondly

means associated with the objective world.
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Light.

Basically light can be divided up into natural and artifici'al

sources. In Chapter 1.2, 1I considered the source of the Sun,

and the secondary 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

surfaces of a wall inside a house is the combined effect 6f

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 spectral d'isbributionic

of the carpet, as this is affected by the characteris.UOi

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 has a large tree outside
the window, the sunlight is modified by the green of the
leaves, so that the light reaching the xbom is green. In such
cases this is the primary source of light for the room.
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Incandescent sources are the oldest, cheapest, most popular,

and 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 watt. I have given a. typical spectral

distribution curve for the drawn tungsten filament of the

incandescent light (fig.1.2.3)

The melting point of tungsten is 365N. and the light is

given off as a function of this heat. The higher the ..

operabing temperature, below this point, the further towards

the visual range will be the maximum energy in terms of

light. Operating temps. in us3e now are between 2400* and

3200 K. Due to the condiderable heat that is given off these

lamps have a detrimental effect on cooling plants, and are

often considered unsuitable on this score.

They have other advantages which outweigh this in normal

home use. Their simplicity, cheapness, and the 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 affected by voltage, and

a formula is available-1 which enables one to calculate,

according to the price -of the lamps, and the current rate

of electricity; whether it is better to run under the rated

voltage, and increase 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 Designr. Addison-Wesley 1948
p.53. 16 5
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Since all object colour, with respect bo its physical com-

ponent is a function of the light source, and the spectral

distribution of the object, it is necessary to see what effect

tungsten filament has on such colours as the Windsor and

newton standards.1.

Standard. Mixed colour. reflectance
Cadmium yellow orange yellow. 56%
chrome orange orange red. 28%
vermilion red orange. 20%
green Light yellow green. 14%
green dark. green deep warm. 8%
aliz.crimson brown red deep. 7%
cobaljs blue blue deep. 6%
ultramarine deep. blue purple. 4%

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 well as from the source

on to an object.

For example with an incandescent source, 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 yellow wall, which will

be a function of both the distribution curve of the yellow

surface, and that for tungsten. The latter light will be

decidddly 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. Illum Eng. Dec. 50
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less fast/

than the light from the source (inverse square law for small

sources) 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 surfaces. Due to the selective absorption of the

walls, this means that this selective action takes place

at each interflection, so that as the light is "bounced"

back and forth several times, and with each bounce, there

is an increase in the selective action, the apparent colour

of the wall is 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 intensifled colour is placed on the whole wall, the

total effect is altogether too intense, due to this selective

absorption at each interflection.

Since the colour temperature of incandescent-lamp va ies

considerably with voltage, a 5-volt variation in 1lCvolt

circuit causing a difference of 50 K, clearly visible changes

are noticed if this method of varying the intensity of

an incandescent type of installation is made. Due to this

it is thought that the best method of varying intensities

of the incandescent source, is by a multiplicity of sources,

all of which are connected to the appropriate voltage, but

which are wired to separate combinations. The highest

in.tensity being when all the sources are used, arid degreasing
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and decreasing/

as the number of sources in each circuit is reduced. In

general it is thought that a three circuit variation will

be sufficient for most purposes. 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, sodium 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

illustrated in Figure 3.3.1. It can be seen that all

radiation is roughly between 0.6 and 0.'{ so that the Oo).oar

iust'liersomewhere"between green and red, whatever colour

is 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 frequen tly

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.
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However since their greatest light output is in the invisible

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 lamp a method was devised to use the

ultra violet component, of the mercury spectrum, and convert

this into light within the visible spectrum.

The efficienty of such tubes is greatly in excess of incandescent

averaging 50 lumens per watt.

Many different spectral distributions can be made by variation

of the phos ors with which the inside of the tubes are coated.

The spectrum of the fluorescent is a combination of both the

line and the continuous spectra, and when planning a coordin-

ated colour relationship, it is necessary to take both Into

consideration.- I mentioned in Chapter 1.2 briefly the

sort of colour variations 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.
standard. De Luxe cool white. Standard cool white
cadmium yellow yellow cool greenish yellow
chrome orange red orange yellow brown pale
vermillion Fed :orange light brown
green light pbale green greyed green
green dark blue green dull green
aliz. crimson blue redibright. purplish brown deep
cobalt blue burble.blue blue less purple
Ultramarine. light blue with light blue.

purple.

1. Commery and Leighton's data. nela park
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fluorescent lights.
standard De luxe warm standard warm
cadmium yellow orange yellow jink 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
aliz.crimson brown red.increase redibrown
cobalt blue red purple brighter red purple brighter
ultramarine blue purple deep blue purple deep.

Advantages of the fluorescent over the incandescent source

are firstly its efficiency, secondly its stability under changes

of voltage, thirdly low heat production (in relation to

cooling systems etc), its cheapness to operate, its length

of life, usually four times the length of incandescent,

and finally its low brightness of surface, compared to the

very concentrated brightness of the smaller source.

However its disadvantages are also important, it is more expensive

initially, 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, for

the physical colour is a combination not of the total light,

but a subtractive mixture of the spectral distribution curues.

An example of this is dramatically illustrated by Evans'.

Evans. Ralph An introduction .to Color Wiley. 1948
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by Evans/

in which he shows various line spectra which will match the

I.C.I Illuminant C, which is an approf.ximation 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

result will in general be the same. But if these different

lights were played on to various objects selective to colour

then totally different effects can be predicted only by

a knowledge of the distributiori characteristics of the lights.

Plate X111 of Evans book shows two scenes which are identical

as to object colour, but which have two such illuminants

played on to them. The first has a yellow curtain, a blue

vase, a glass bottle withl.yellow liquid, and a green ornament,

whilst the floor is white with pink highlights.

The second has a red curtain, a blue vase (remains constant 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 be extremely 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

normal 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, but where the movement

of machinery is concerned it can be dangerous, since if the

machinery is moving at the same speed as 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 circuit 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 general there is a delay while the filaments are heated btfore

the arc strikes, and the light comes on. This is obviated

in the cold-cathode, which operates at much higher voltages,

requiring a transformer, the arc is immediately initiitedi

The tubes themselves can be any shape, and of widely varying

lengths, and diameters. The luminous output can be varied by

means of a variac, placed in the circuit before the transformer,

or by stages,which deliver a graded scale of voltages

which correspond to visual, 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 very low voltages there is a slight flicker

and the colour temperature, which remains very stable through&ut

the range, drops.

1. A similar me thod is now available for Hot cathode.

172



Chapter 3.3

The cold cathodelights are made in an increasing variety of

colours, and it is thought 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 three sorts, incandescent, electric discharge, and

fluorescent cover the types of light sources that are used

for artificial lighting. A note needs to be added concernimg

"the flame" which is used either as firelight, or candles.

Both have the one quality which is lacking in the other art-

ificial sources, the characteristic of mobility, and the

fact that man still feels the inlerent need for this quality,

is 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 mentioned, 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

the second part of this discussion.

Other variations are as to the placing of the sources in

relaton 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 possible '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 either be obtained by a variation in time of the light

source of of any object, such as the mobile, which moves in

relation to a light source, or in combinations of both.

Objective world.

This may be considered to be any object, surface, filter, or

diffusing agent which absorbs, transmits,or reflects light.

It is necessa.ry to see in what ways light is modified by the

objective world, as to itscolour characteristics, intensity,

diffusion, direction, in order to 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, diffraction, or interference.

Usually all three effect occur at one time, but the pxbfrtions

1. Kepes.G Contribution to Seminar.
Vision Brightness and Ddsign. M.I.T. Sept. 53

2. In addition to the laws of selective and non selective

transmission and absorption.
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the proportions/

of each are different according to wavelength, or colour.

The sum of the transmitted, teflected 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 is necessary

for the architect to have some knowledge of them if he is to

be in the position of utilising light as the tobl that it

is.

For purposes of simplicity, I hhall 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 its energy distribution,

which is called non-selective, and secondly modifications

in which the spectral distribution is altered selectively.

Non-selective modifications.

Refraction. Light from a source hitting another medium is

altered as regards 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 piece

of glass, it is parallel to its 6riginal direction, but

displaced sideways. By means of properly calculated and

shaped transparent surfaces, the light source, may be either

1. Thought of non selectively. 175
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may be either/

made to converge, by condenser lenses, or diverge by diverging

lenses. Light sources, may be concentrated into a narrow angle

or spread over a wide area.

If however the transparent 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 directions, and such glass is called

dif fusing. Many plastics have been produced which will give

this property, so that light from ordinary tungsten or

fluorestent bonrcestmay 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 is a property of non selective transmission.

Reflection. For flat surfaces, the angle of reflection always

equals the angle of incidence 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 thrown into a

definite pattern, by a regular surface, or into a completely

diffused pattern, by a random surface.

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-

ion 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 mg.y be made to

shine evenly over a large surface, or if the above light is

played 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 these properties might

take the form illustrated in Figure 3.3.34phere a transmitting

surface, such as a curtain, is placed between two spaces

which it is 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

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 suggested that when light falls upbn the objective world,

it is to some extent, transmit ted,reflectedand absorbed,

to a varying combination according to the nature of the

surface.

To deal firstly with transmitting medium, the light is decreased

in amount as it passes through the medium, in some regions of
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some regions of/

the spectrum, in relation to others, by the process which may

be considered as selective absorption. Since this light that

is absorbed, must come in the original ins tance from the

light source, the process is one of -a.subtractive mixture.

Light can therefore be modified by a filter, which has the

characteristic of absorbing all the spectrum of light except for

a definite band, such easred or blue. This will in fact subtract

all but these wavelengths from the source. This is of course

an inefficient way of producing coloured light, since so much

of it is wasted by absorption, and converted into heat; but

where economy is not important, such as in theatre lighting

this method of gaining effects is widely used.

Certain materials differ with regard to their selectivity,

according to whether the light is beinb reflected from them

or is being transmitted through them. For instance there are

many materials 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

noise ective, and reflects only the same wavelengths that are

played on ±o it. Where such a combination is used in a room

as a division between two spaces, the nature of the light that

is perceived on one side is an addition of the reflected light,

(which is a function of the light source and the light

which will have entered the further space, being converted to

a colour by the seleetive absorption, and then retransmitted,

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

surface is raised to a level exceeding that on the other,

then the surface will appear as a lighted coloured surface...

so that in this way depending on which side is more intensly

lit, the surface may be varied from a reflecting to a

transmitting surface.

Diffusion of 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 non-selective with regard to wavelength, and is a function of its

compositdUn.1. However when the diameter of the particles app-

roaches that of the wavelength of light which is 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.

More short wavelengths are "scattered" by diffraction thaA

long ones, so 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, is that of refraction,

previously discussed for its non selective properties. It

is also however selective with regard to wavelength, so that

when the two sides of a glass medium are not parallel, as with

a prism, the spread of light is magnified, and the spectrum

is obtained if a small angle of light is played on to one side.
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Shorter wavelengths are refracted more than long ones, so

thatvas the amount of refraction increases with the angle of

incidence of the light,- this angle determines the amount of

dispersion of the short wavelengths.

One further characteristic, by which energy characteristics

may be changed, is by interference. For since light may be

considered as a wave pattern, if two sources of light were

to send out waves at an unsynchronised wave pattern, when this

met a surface, the light from both sources would differ as

regard to displacement of the wave. Where this difference

amounted to a maximum displAcement in one direction, and a

maximum displacement in the other, the light will "cancel itself

out', This is of course assuming that the light is of a single

wavelength. With white light, where all wavelengths are present

interference is found only in exceptional circumstances.

Such an example which may be a useful tool for the architect

is in the smobth'-ti'ahspareit.-or matallic surf ace, when such a

surface has a "grid" of fine lines scored on it. If a beam

of parallel light is allowed to fall upon this, diffraction

takes place at each scratch, so that the space between ecach

scratch forms a new linear light source. If sufficient number

of parallel lines are drawni- a whole series of ppectra can

be produced. In the case of the metallic surface, that

1. Evans suggests 40:;000 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 variation of the nature of the source, depending on its

spectral compositionj with different orientations of a mercury

arc source, the colour could be varied from bright green, to

blue red or yellow.

An example of the same -effect can be seen in a close weave

curtain, which "interferes" with the path of sunlight, to

give a 'similar coloured sparkle.

One further aspect of transmitting media id 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

M.I.T."' ,where a source of homogenous radiation is used

to achieve measurable stress patterns in model beams, under

load, so a sheet of celophane, or lucite with stresses applied,

cou'ld be made to stress patternssuch as are illustrated in

Figure. 3.3.4 . By means of a hole in the sheet of lucite, or

Murray. Prof.Macgregor Seeing Stresses with photoelasticity.
Metal Progress. February 1941.
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Chapter 3.3.

a series of holes, combinations of the various stress patterns

could be obtained.

The sheet of celophane could also give various colours, and a

combination of colour and bands could be obtained. Different

types of source would give different characteristics, the line

spectra types would be more productive.

When light falls on opaque surfaces, as opposed to the

transmitting surfaces which I have been considering, both

selective absorPtion and selective reflection will take place,

depending on the nature of the surface, and the angle of incidence'

of the light. The type of surface is important, for if

a normally selective reflecting surgace, is coated with a

film of varnish or polish, the light will not only be reflected

selectively from the und.er surface, but non selectively from

the outer surface. This is the reason that matt surfaces

in 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 the eye is

on this line, when the effect will be most bright, 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 surfAce, with a

non-selective reflective surface above it, the process may be

more easily understood. The light on the surface, is

partly reflected off, and part of it goes through to be diffused
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to be diffused/on the selective surface below, this diffused

light is then passed upwards through the reflecting surface,

which again reflects part of it downwards again, and allows

so much to go through. It can be seen that when this happens

several times by multiple reflection, there is a considerable

increase 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 transmitting media.
3/ Variation of source by reflecting surfaces, as for lenses.
4/ Variation of surface, according to angle of incidence of source.
5/Variation 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 opaque materials.

Difference due to surface specularity.
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From the foregoing discussion of the variables of which the

architect constructs his formal relationships, it can be seen

that thete is an opportunity for a considerable flexibility

of the physical envirnnment, by these means.

To this can be added the variations due to natural sources,

and the addition of the time element, or mobility.

In order to achieve specific, and controlled effects, the

architect must concern himself with coordinated variations

of light and matter, and several ways in which this may be

done have suggested themselves throughout the discussion.

Shadows.

As Gibson's data has suggested, shadows do not present a rel-

iable clue to "distance- from- you", but they are an indication

of the depth 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 relieble'clue as to the nature

of the light sourcd.

For example a source at a distance, and of a small magnitude,

in relation to its 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 overcast sgy will throw adiffuse

type of shadow, This fact was mentioned in Part 1. as

being an important design consideration for architects working

in countries with varying lighting conditions, an example of

the highly textured walls of Italy being given, a coordination
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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

property of "shadow" to achieve a particialar effect, and varia-

tions of effect.

An example of this is shown in Figure 3.3.5, in which the

relationship between two surfaces is shown, photographed from

two different angles, 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 gradient of texture. (see fig.' 1.4.1)

In the first and third the source of light is at right angles

to the camera, whilst in the second and fourth it is at the same

oblique angle as the cameva.

The variety of shadow, can be seen by an inspection of the

texture, and the surface oil the right hand, which is Celotex.

Figure 3.3.6 and 3.3.7 are further examples of architectural

uses of shadows. They are ceilings designed by Lucio Fontana

for two rooms in which films are shown in Italy.1 -

In these cases the objective world (matter) is designed in

relationship to sources of light that can be varied. By

1. Illustrated in Domus. September 1953.
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Chapter 3.3

By/

care fully designing the shapes of the projecting "pegs"

so that they will reflect light from a certain direction, and

cause shadows from light in another direction, it has been

arranged that variation'..of :the ceiling pattern 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 utilise the various methods by which the physical

environment 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.
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PART 3.

The Architectural illumination
of the Contemporary Living-space,
approached from the aspect of
flexibility.

Chapter 3.4

Unity and flexibility.

My new approach to flexibility outlined in Chapter 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 is therefore necessary to end this part of my thesis with

a review of aspects of this unity, as it is affected by the

flexibility of the physical environment, in order to show

that far from being incompatible, the one ma. derive from

the other.
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In the introduction I stressed the necessity for a more logical

relationship between the architect and the illumating engineer,

advancing the idea that it is the architect, from his study of

man's needs presented by his program, who should be in a pos-

ition 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. 1 -

For the visual formal relationships of a building are not the

isolated solution to any .single problem, but ralher the

compromise which is seen to meet the many different problems, in

the way best suited to the particular program.

When for instance two needs are seen to be comple tbly incom-

patible, and that no visual flexibility will be sufficient,

then some other form of solution is seen to be necessary, as

for instance with a study and a children's play area; or a

photographic darkroom, and a sitting area. Problenrof 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 is 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 explanation.

188



Chapter 3.4

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

variation of the basic light flux pattern, and the objective

world; for a total solution is one in which the means are an

integrated part of the design, so that the means for obtaining

flexibility, arriving. as -a result of "basic design criteria"

should contribute to the unity of the environment, and

the totality of manh experience of it.

An example of this may be taken from a study of the research

conducted in the past years into the science of acoustics,

it has been seen as greateCknowledge has been soumulated

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 a complete analogy -between this and the design

of the objective world in relation to the wave patterns of

light.

Also in the same way acoustic research has lead to many new

forms derived from the use of the objective world in a positive

sense; and it is. thought that as a greater knowledge of

the interaction between light and matter is obtained, new

forms will suggest themselves, owing their validity, in a like

manner, to a rational use of light in all its aspects.
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In a similar manner to the objective world, so with the sources

of light themselves, and the manner they are modulated and

redirected 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 played on to the table oil which were silver

and glass, and on to the diamonds of the ladies present, the

whole effect was one of glittering splendour, 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 a 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 a similar way, the flexibility of the physical

environment, as can be achieved through light, where this is

achieved by an integrated and unified scheme, will add

positively to man's total experience, giving him at the same

time a unity of that experience.
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PART 4.

Specific Problem.
The Techbuilt House.
Weston Massachusetts.

Chapter 4. 1

Choice of Problem, and
necessary assumptions.

In.order to apply the theories outlined in the earlier parts

of this thesis to the practical problem of the Contemporary

Living-space, it has been necessary to choose an existing

problem, 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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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

the problems afforded by the illumination of the building,

since these should in fact be one of the basic design

Dtnsidrations at the original conception of the building,

before the working drawings of the building 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 this,

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 approadh 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.

To seek a solution to the architectural illumination of the

Techbuilt house,(at W7eston yassachusetts. Architect. Carl Koch

and Associates. Cambridge Mass.) with particular respect to

the Living-space.

It is considered that the living-space of this house is

representative of the best contemporary architecture.
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The Techbuilt House has been designed in such a way as to be

a semi-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 article in House and Home Magazine, August 1953.

"...the builders can offer good living and good looks,
at a price substantially lower than anything else in
New England: 7.25 dollars per square foot.,
compared to 14 to 15 dollars for a custom built house,
and around 10 dollars 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 local shops, reducing the on-site

work to a minimum.

It might also have said that it was done by paying very

little regard to the needs of artificial illumination, but

since this is more or less current architectural practice,

it goes without saying.

Various plans are offered with two alternative structural

systems, a 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. The internal arrangements of the houses are

extremely flexible, and meeti 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 Techbuilt house as it is

offered to the public, from which it can be seen that many

alternative arrangements within the structural shell may

be made. The rationale of the constructional system can

be seen, whichalthough to some extent it predicates the

sloping sites of New England, leaves the orientation and

siting for an individual solution.

After an analysis of the living areas of plans A and B

I decided that from my point of view Plan A offers more

possibilities, and in4general sense'-seems to have basic

advantages over plan B.' These advantages may be summarised

as follows. a) The living space is latger 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 Master bedroom is connected to a bathroom,
and faces east to get the early morning sun,
from one of its windows.
There are three other bedrooms, as compared
to two in Plan B but one of these has very
little natural light, due to the rigidity
of the structural system at this point.

In order to make the problem as ideal from my point of view

as is possible within the limitation of the existing

building, I am making certain assumptions, on which the

design will be based.
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Basic Assumptions.

1/ I shall abide by the structural system, as a system,

but where it can be altered without destroying the

rationale of the syttem, such alteration would be

legitimate if the reasons for so doing are sufficient.1'

2/ I shall abide by the existing site orientation, and

layout of the Techbuilt House at Weston.

3/ That I shall be at complete liberty to vary the internal

arrangements within the space, to any pattern which

answers the needs of man, within the terms of reference bf

my program, in a more flexible manner; or where flexibility

is not thought to be compatible with needs, in a manner

more suitable to these needs.

4/ That flexibility of the physical environment is desirablm,

and consequently something that Man considers to be

economically worth paying for.

5/ That the electric light "fittings" as shown in the accom-

panying set of photographs, do not represent the choice

of the architect, since th&se photographs were taken

at the time when the house was being sponsered by

a foundation separate to the architect's office,

1.' Reasons which would be fDught sufficient, would be
those which showed that the preseht solution is in
some respect inadequate.-
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PART 4.
Specific Problem.
The Techbuilt House.
Weston Massachusetts.

Chapter 4.2

Modifications to the Plan.

Perhaps I should have added to my list of assumptions (chapter 4.1)

some statement regarding the future owner of the house,

I decided bo 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 fit the needs

of man in a general, rather than a specific sense.

There is one difficulty which arises from this, which can only

be considered at the individual level, and this is the actual

use of space, when it is considered that certain activities are



Chapter 4.2

certain activities are/

related to unique needs, which are essentially incompatible.

I have given an example of this in the case of the writer who

cannot possibly work when there is 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

own; he needs four walls. In such a case as this it is

necessary to make certain assumptions about the sort of people

that are going to live in these houses, and the assumption

that I have made is that man does have many needs where four

walls are in fact the only answer, not only for the creative

artist, but for the person engaged in stamp collecting, photo-

graphy and other hobbies, so that in these circumstances

a "study" would be an advantage where the economics of the

situation made it possible.

The nature of the Techbuilt house is very well suit6d to

adapt itself 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 whilst it is recognised that different families

will prefer to stress 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 satisfied.
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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 it was

built to Plan A at Weston, it can be seen that from the

entrance, which is on a split level, a view is 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 Inearly 450sq.ft. The dining room on the other hand

is combined with the kitchen, and with a small 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

that folks like to live' this is a natural expression of

a way of life. It is however my experience that the quality

of the cooking, is in direct proportion to both the smells

of the kitchen and the number of the pots and pans used,

it is also my opinion, and I can only speak for myself, that

when having any meal, a too close proximity to its origin

does nothing but lessen my enjoyment of it.
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By the modification as suggested in Fig.4.2.1 the dining

room has been separated from the kitchen, whilst being related

to it by a small servery, which can act as a breakfast counter

when required. The play space has been reduced to a size more

in keeping with the actual need. For formal occasions,

when the family and guests go to dinner, the door to the kitchen

would be closed, so that on turning at the bottom of the

staircase they would find themselves in a formal dining room,

with an attractive unit at one end where the food could be served

replacin the old fashioned"dresser' a small sitting area

with a firepace at 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, whilst

being easily served from an attractive servery related in a

practical manner to the kitchen itself.

The play space is related 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 a preparation shelf.

It is thought that by the se "modificti Qins" '. a solution more

in keeping with man's actual needs may be found.

Upper level.

It can be seen from the original plan A, in conjunction

with the photographs, that the area devoted to the the living-

space, that of some 550 sq.ft. is too large to be used as a

1 9 9
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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 around the fireplace stack to include the stair

case area.

This fact has been recognised by the Weston house solution, and

the space is divided up into two completely separate sitting

areas, 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 first sitting

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 window up

to the eaves line, with a fine view of the countryside and

garden from beyond the balcony. The study, in between the

telev.on on one side and the second sitting area on the other

would have the benefit of the disturbances of both.

The above solution recognises the grea difficulty of providing

a satisfactory sitting area in which the television competes

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 there is no

solution 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 various spaces,
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apart from the enforced unity provided by the pitched roof

line within the space. The unit itself which acts as the chd'

space division, seems little related to the slope of the ceiling

as it cuts across the space, whilst there is an air of

impermanence about the loosely related sitting areas, which

is reminiscent of a Hotel, or a station 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 meeting the

needs more fully. This allows an area between the study and

the bathroom, as a hall from which access may be had either to

the study, the bathroom, a clothes closet, the bedroom, or

into the living area. It is considered that this is a most

useful space, since it allows use of the bathroom from the study,

or from the main living area, in a much less "public" manner,

whilst also arranging for the 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 solutions of flexibility, as I have outlined them.

The following chapter which deals with 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 Problem.
The Techbuilt House.
Weston Massachusetts.

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 squate in shape, having a visual
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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, is that the ceiling

pitch 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 the large window. This seems to be unquestionably

correct, since the windows down the sides of the house, are

extremely small, having a height of only 5 ft.2 in. to the

underside of the lintol, which is reduced to a height of 4 ft.5 in.

by the eaves line which comes down to cut out the 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 it is necessary that this transverse space,

24ft.by 12ft. which gives access to the balcony, and has its

own fireside area, should be tbought of as a single unified

space, rather than the 5wo 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, and 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)
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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
Entertaining, tea, coffee, drinks.
Children's play
piano playing
Conversation. Sitting.
Television
Radio, phonograph
Study. and others.

Uses of area 2.

Certain more specialised uses. Card games.
VLdting room.
Children's study.
Painting. (natural light inadequate)
other uses. Entertaining.
waiting 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.

Area 2 may serve as an anti-space to area 1, when guests are
arriving, either when a maid 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 d.ifferent 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 following 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 visual problems of the sub-division of spaces, but it is

thought that for general living conditions, this is in fact

a solution when assessed 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 interested in doing, and the furniture which

they have 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.

Shows the two areas combined for a party, where area 1 is used

as the main reception room, whilst area 2 is used as an anti-

room, where guests may be received on arrival, either by the



Chapter 4.3

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 is desirable.

Other arrangements would incorporate a piano, if desired,

in which 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 is stressed.
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PART 4.

Specific Problem.
The Techbuilt House.
Weston, 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 is built up around it. I said also however that if

there were sufficient reason, I should be in a position to

apply modifications to the details without destroying the rat-

ionale of the system.

Such a de tail occurs in the height of the roof. In the house

as it is built as Weston, the height from the floor to the
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to the/

underside of the sloping ceiling, at the wall, is 5ft.6j in.

and hhe height 1ft. out from the wall is 5ft.10in. This 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

instance, 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 loading the beams, instead

of the presenit "uniform load".

In Section 4.4. 1 the extra 6in. of height can be seen, and a detail

of the small diecast aluminium supports is giving with the

details at the wall plate, and longitudinal beam, in Fig. 4.4.2.

Section 4.4. 1 shows also the dropped ceiling over the hall,

which is of a louverall type, since no task requiring acute

vision is performed at this point. The specular reflection

from the surfacesbelow will not cause any undue stresses.

Above the louverall ceiling is hung an expanded metal floor

on which can be:;pu' suitcases not in use. Acces being from

either end og the space, by means of removeable panels.

Bathroom.

The bathooom is lit in two ways. Firstly the general illumin-

ation is by the indirect lighting of the ceiling. This is

accomplished by "warm" fluorescent strip light, in the position

2 08
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Chapter 4.4

in the position/

between the lowered ceiling to the hall, and the main beam.

See Fig. 4.4. 1. In order 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 lit from the same lowered 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 lit in the same way as the bathroom, usirig-

the same sectional detail. A further luminaire is added over

the desk. See Fig. 4.4.1

A6ousbic 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-

lighting of both the study, and the bathroom, is also improved

by the modification to the roof, since it raises the three foot

overhang to the eaves. This overhang at present restricts

both the amount of the light and the amount of the view that

can be had, since it comes to a height of only 4ft.5in. above

2 09
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above/

an extended floor line.

By the suggested 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.

Figure 4.4.4 shows the total area, which 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 Aeea 2 of the living space, and

that there is a curtain systeri dividing the Area 1. from the

Area 2. Details of both these are given in Figure 4.4.4.

Detail 3. shows the system of curtaining, and detail 4. the

relationship of the luminous wall to the lowered ceiling.

Living-space Area 1.

This area is shown in section in Section 3. and the method

of lighting the ceiling is shown. The ceiling itself is

illustrated in fig. 4.4.7. It can be seen that it is a

textured 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 variations

of illumination of this ceiling, it would be variable 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. See Chapter 3.2.

210



se /

U Ul



p71

TTTLLLI I ' LJ 1 L.

9:~~~ ~ ~ ~ C- Or1C cr ic

H A L

P L

C<?.a



16

A PL W- A

n

- N JL N

loo



AF-F

Ul



fj~,Y~

p

4

0')

V
Ca)

I
(d)

( t).

rextLtieaceii Panel..

,,hov-.Int, aifrrerent ef ec ts
due tocai~rn ~~~ iiig

11



Chapter 4.4

The source of Illumination could be of several types.

1/ Cold Cathode strip light.

A warm 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 means of the voltage in a very

simple fashion. It is thought that three intensity levels

would be sufficient.

It would have the advantage of keeping the fittings

themselves at a low thermal temperature, but the disadvantage

of using high voltages.

2/ Hot cathode fluorescent.

By a method recently developed, it is now possible to

vary the intensity of the hot cathode fluorescent, whilst

maintaining a constant colour temperature, and spectral

quality of the light.

This could then be varied in the same range of intensities

as the cold cathode.

3/ Tungsten.

Strips of incandescent tubing could also be fitted into

the type of fitting 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

these means due to the increase of heat.

2 11
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As suggested in Chapter 3.3 the nature of the ceiling itself

would vary for the type of source that was to be used.

In the case of fluorescent strip lighting, the pegs themsOlves

would have to be elongated rectangles, with their longest side

parallel to the source of diffused light, if any appreciable

shadows are to- be obtained.

However it would be possible to attach small point sources of

light at the corners of each of the panels, which when used

in conjunction with the diffused sources, would add a pattern

of shadow to the ceiling to give it considerable texture,

such point sources could be incorporated in a simple manner

with subtractive colour mixture filters, in 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
1.

higher voltage cold cathode light, at the point of use.

This would have the advantage of allowing considerable

multiplicity of switching, without any danger from the

wibing.

Further methods of varying the shadow pattern of the ceiling,

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 secondary means of illumin,. tion, would be by mobile

fixtures, which would be arranged so that high levels of

illumination could be provided at points through the room.

In ordersobviate the use of unnecessary electric leads,

a s tiip would be lead around the room, containing plug-in

points at close intervals. Other points would be available

at 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 illumination can be maintained irrespective of tach

fittings.

Curtain system.

To divide the area 1. from the area 2. a curtain system is provided,

as developed in 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 illumination. 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

areas will be used as one single, space from time to time, it

is not thought that any great differentiation should be made.

In addition to this there is the luminous panel ont the-study
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Chapter 4.4

side, as detailed in Figure 4.4.4. which acts 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 c~lour

could be controlled. Polarisation could also be used in

conjunction with strips of lucite to form patterns of the

type illustrated,'*

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 following 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 Techbuilt House.
Wes ton,IVassachusetts.

Chapter 4.5

Solution.
(c) Flexibility.

Chapter 4.5 and the accompanying set of drawings, show the

way in which the general illumination is integrated into the

structure, it is however necessary to enlarge to 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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Chapter 4.5

Natural Illumination.

The main daylight for the space comes -through the large end

window, which extends up to the eaves line. This is sufficient

for the main living space. Yhen area 1 is separated by means

of curtains from area 2, the light reaching the latter comes

partly 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 supp-

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 aeasons, to give a constant change

of illumination, to add sparkle and life to the interior of

the room.

Artificial Illumination.

A range of flexibility is available as follows.

Ceiling lighting. Three levels of brightness available,
Intensity. on each panel of the ceiling. This

would be arranged so that as with the
three bulb luminaire, if the desired
level is missed the first time, it
can be got by continuing to switch the
switdh, until it comes again.

Colour. the ceiling would be painted a flat
white, and colour could be achieved
by a subtractive method. By means of
a light source with light of certain
bands of wavelength, the colour of the
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the colour of the,/

colour cont.

pattern.

mobility.

ceiling could be varied. This could
be accomplished by means of the mobile
fittings 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 ceiling lighting
would not be used.

As can be seen in the plan Fig.4.4.3
the ceiling is divided up into areas.
By alternative switehing arrangements,
it would be possible to vary the way
in which the textural patterns appeared.

A few of the types of patterns that might
be -obtained are illustrated in Fig. 4.4.7.
many 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
ceiling appears as a plain white surface,
unless fixated directly; or it can be
made to cast elongated shadows which
would add a great richness to it.

No arrangement has been made for mobility,
other than that which would occur from
the interrelationhhip of the textural
patterns, and the firelight.

It is unnecessary in this chapter to deal with individual- rooms,

since general observations will surfice. It has not been

thought necessary to pr'ovide flexibility of formal 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 would differ. This would be painted in a lemon yellow

colour in the bathroom, in order to gain in intensity from the

2 17
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from the/

late afternoon sunlight, which would strike the inside wall"of

thje bathroom, and be reflected on to the ceiling.

The ceiling of the study would be left in a natural wood colour,

A flexibility is achieved on certain of the vertical surfaces

of the living space.

curtain system

Translucent panel
study/area 2.

Luminous surface
study/area 2.

A variation of texture, and of transparency
allows considerable variation in the
manner in which the two areas can be
used. 1.

By means of vines or fdliage, a mobility
of pattern can be obtained from one
dide of this partitin 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.

Either by the polarisation method
described in Chapter 3.3 or by 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

some form of"mebile" whichi could be hung perhaps over the

staircase, whilst by means of a -spotlight, its shadow could

be played on to the removfable panel of the storage space.

This is illustented in a photomontage included at the end of

1. This method is illustrated in Chapter 3.3

2. Hethod, applied in the exhibition of the Techbuilt House,
at the Le Cordova Art museum. -Mass. 1953.

2 18
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at the end of/

this chapter.

A further scale of flexibility would be provided by the use

of the mobile fittings suggested in the technical solution.

These would not only provide for high levels of illumination,

at points where information of a specific kind required it,

but by a careful use they could be made to play an important

part in the interrelationship of light and shadow that the owner

of the house might wish to achieve, quite apart from the

manner in which the architect might arrange the formal relation-

ships of the space.

Summary.

It would be possible within the space, as I have modified it,

to achieve 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 possible to sit with a book using a candle, and

so arrange the general surround brightness so that no strain

would be encountered, whilst at the same time it is possible

to arrange for high levels of brightness throughlout 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.

21 9
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As far as 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, managed by the simple use of

shutters to gain many of the effects that can be seen in his

paintings, and such a variability as he obtained would be an

easy matter, with the modern methods that are available in

the form of refracting glass, venetian blinds, and other forms

of flexible means of control. Curtains, and combinations of

cuttains, giving different 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 the life of the individual, created and fostered,

and made possible by his formal environment.
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