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The attitude that

light
business of d

En is

any more; and
never have been: f

termines the compos

at the time it becomes impe
1s when it is seen, Light is
technology, almost ag
sculptor’s chisel,

manipu
and can fo
the same interior

into quite different er.
fects and moods;

see, e.g., the phot
graphs of the three UN council chambe
on page 47 of last July's Interiors

Nevertheless, evidence
lighting has been more or
in after the job, even an ex

pensive job,
is done; flJ:-fu:'bing spills of light that
make an interior not at all th
designer meant it to be:
monotony, dwindling whatever

there might have been: or good
tectural details must be searche

e one its
or d wan
interest
archi-
*d out in
unlit corners, and so are missed alto

gether; picture windows become discon-
certing mirrors at night when nothing is
seeable outside,
The illuminating engineer is no dis-
pensable entity, for one person cannot
always be two things, or does not want
to be. But if there is to be encroaching,
the designer certainly ought to do it;
for the engineer's job is primarily a
technical one, and the mechanics of ac-
complishment are never of direct impor-
tance; results, with which the designe:
concerns himself, are.
Engineers have gone into heavy research
about comfortable and effective lighting
for good visibility, and their findings are
certainly of concern to the designer. But
the engineer and {he designer usually
have different viewpoints. One starts his
proceedings with the assumption that
peaple are involved in the practicalities
of life, the other imagines his bene-

his .
plunt. Not all .l.‘._.
~ossible to find en
pos

W 3 € I ian
n interesting shadow, even

who think

m
office, and des
clients may
men in each camp re

gne

i sometimes. And wise

ze the in

. of physical and psy
pendence ol P! A : :
s scientific sameness
k sImost as distracting to a mildly

; e almos
it clerk as an envelopment of

cal comfort; a pale

:'j‘]nl?;‘l.‘\:‘ and, on the other 'n;m:}l‘. |::~UI-
rhapsodies on the walls are t|.v ;;._ ‘.u;
only so long. It may be I\'f;l'cl-ﬂl.ll) :-ll.m\
i!w- body's demands are not so an? :
the soul's—that a banana split ﬂ“ur‘”
pbe indigestible, and that a \!IJ:\\J‘I.LI
interplay of spotlight undl\l.w.nrl‘m-.. sl h,}L“':
not contribute to productivity in a fj““ :
ing room. But physiological L_uctbt.- :1;:,
only harsh, but real, so we \\'11!7 end :
1'e:-|~1ny in these pages when. .\\ L" m[u”
which, for a while, will be fairly \-Il. “.
since it takes some words to talk l 7,“}.
the aspects of physm!usy. mostly ;tfnt::l:
that relate to our ::ui;]e-cl,l ur:n:il :Uer' e
ylogy that has been developed | o
z;uﬁblugicu: needs. All 1hu “]-m.:- 1\: tﬁ\:
so, though, the feeling u'x]! -mmt s
backs of our minds that we l;\-ep;-agnza!ik-
supremely 1'(-;111::11r.u::1:g;:n i—e Y s
d figures to add and
hemes (o not
we should

cally so; because,
i ake an
livings to mnkLl . :
overall even lighting sn.es
el BV
displease our working L}re; s e
recognize that those ﬁgut‘ et
1esses are only instrumen ;hich g
Nesses
immediate worth, one of w

fiioms P
an ennobling, or an entertainin interior
in € I g, int 101
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to be active, productive, or relaxed

selentific means,
Some day we will uni
we will know how to ma

derstand the shadow, and from that day
ke light more beautiful.—A. G.

were more
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with lght,

The Romantics
concerned with darkness than
but their darkness led to death
_ rather than 10 the infinite, WAS
 a finality, a falling curtain.
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It is pretty cold comfort to lonk_lrlhylif:_\
Funk and Wagnall's and find lig L
fined as “That form of l‘ad:ant;n P:.C
which is capable of acting upon ]:9 ._b’
in such a way as to make \:{smle the ol &
ject from which it comes f“"“"'f‘f |:
not readily at ease with the word en
even when he knows wha‘tl it
means. Energy is a capacity, an ability
to do work, which ultimately means, to

particles which stimulated the optic
nerves. Huygens' wave theory main-
tained that vibrations in luminous bodies
are transmitted through ether, an all-
pervading medium, in waves like Tipples
in water. Nowadays, two theories, each
of them a modern form of either the
corpuscular or wave theory, are taken
most seriously, and though at first sight
they contradict each other, they are both
considered acceptable, since one or the
other can explain certain phenomena the
other is at a loss about. Their differences
arise from the methods of examining
light; under some Measuring apparatus,
light 2ppears to be a wave function;
under others, particles are evident.

radiant energy

necessary since its existence camlwt E?e
proven. If you will settle for D\'C_l‘Sll]].])]lv-
fication, this is how it goes: Vib1:atnms
of electrons in matter, such as in the
sun or in an incandescent filament, create

television, short way
POower transmission. g
a certain color associg

magnetic fields, and the propagation of
energy in a direction perpendicular to
both those fields.

Wave lengths vary, and light waves are
only a few of a vast range. In the entire
electromagnetic spectrum represented
by the red line below, the numbers above
the line show wave length in centi-
meters; light waves, those from 10 to a
little past, are remeasured, in the light
spectrum at bottom, in more convenient
millimicrons (a  million millimicrons
make a millimeter, and some 25 milli-
meters make an inch), The reason waves
of these lengths are called light waves is,
of course, becayse they are the ones that
happen to stimulate oy eyes. Other

full color spectrum.

(by Maxwell,
theory) to be exactly
in air, about 186,300 m

been restored to Erace
puscular theory of

energy that are of chi
artificial lighting,
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gamma rays, X-raysg
violet, ultraviolet, ing,

light through a prism wil

One of the reasons the elec
theory is well regarded is th
of electromagnetic waves W,
the developer of

The electromagnetic theory, which is a it 3 Wave lengge
modern wave theory, improves on earlier  sented by the black bands, ;|‘|\-._, Tepre,
ones in that it describes more fully 1:1(‘ H _N” By are only becayge of :h:;‘”tri
propagation of light, and foregoes the t‘w\n) e Etioular kinds of detectj,,
concept of ether, today considered un-  vices; from top, they

dare Mic

Va “Unim !
Fared, Taday
o brneuh‘asl:
ach light Wa
ted wity it;

A o magnetic fields in space, light has the shortest WA 10let

SHeimoLon Hacient ene'rgj'klf». '?:EJ:.f :j}?s}?cus:ﬁ?aie 1'5 planes perpendicular the longest, and the RI'C‘L‘I:‘SPHJJT:]‘g:}\‘{[ i

el g Lkl 2 e..n-a\-e]- to one another, An electric and a mag- are in the middle, which nmkc—euit g

\ Reulale lanSUape it ds enorgy netic field together constitute an electro-  sonable to expect yellows ang f:reé 5
ing through spa;e- ies have been ad- magnetic wave, which carries radiant be most easily recognizeq - :[1 c]rl.Jbr[-?
| A nugri“b;uffthie g?er;i; light, or radiant energy. The drawing above represents under low illumination, a5 they ,”E
{ ;::rt:y ?rarefs by. Newton’s corpuscular such waves, showing the perpemlilcular White light is composed of g)) lu:l'nll
!r il .held' that Juminous bodies ejected  directions of stress of the electric and wave lengths; passing of 4 ray of sun.

1 Produce tpe

trnmagrmhu
at the Speeqd
as discovergq
the
the speed of light
iles per second

The particle, with Einstein behingd it, hag

in a modern cor-
light, called  the

“quantum” theory. We will leave it only
mentioned; the electromagnetic theory
can provide quite satisfactory explana-
tions of those characteristics of radiant
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s attributes, hue, saturation, The Primary oo,
Jlor and
C

= ntness, can only be recognized nd blue, ang Breen,
2 prigh to your sensations, so you of them cay, bina-
! ‘w‘v largely psycholc ll“ll. mat- opg T, light, coloy = T col-
L4 mﬂi and yellow and other distinet pro a4 combination g g1 Lt
o - Red 8 S ot is the degrec s SUON of the wave.
Lt -Ru'e hues; saturation J‘_ :“ o el 2L .”f red and green (gqp iml-.,\(:.
k,"m'? Lm"i vividness, its depar _uu.l lul-m producing tal effect _(;n W
hue’s - brilliance, is the de-  eye: 1 e
of a_ prightness, or ol ot U. L\' '((n ‘,'“' i € Wavelengths qq not
gray; £ CL";erl\l)idllt‘L‘ to white or differ- combina Into one elength
of T€s i

W
Pigment absorbs al) other

gree 1 black. The color solid at right
4 For iy
fro than thoge CAITying the hye

hese different aspects. The ver-

BROWA t\'li represents brightness, with ing to the Pigment color, W
lical‘ ‘?[‘m“. from median gray in the light fas on a red surface, all other
gradations hite at the top and black at  wavelengths than the red ones will be

¢ to wi % )
uemslﬂigm Hue is shown cyclically, and  absorbed: the red will be reflected, mak-
the bC

jon radially from the gray axis to ing the surface appear red, If green o
saturatic of the diagram, where hues blue light is Put on a red surface, the
the edgesmmmtcd- surface appears black. since there are
are fully _"ldulgei" pure fancy, psycho-  no wavelengths common to both red
U"!ESS e -J-l tions have physical corre- and either blue or £reen, Actually, some
logical Pl"l“?i a physical thing is deter- light will always be reflected, because
laFE.\', Col orh:ih pigment and light. You both pure pigment and, especially, pure
mined by bout pigment being the color light color are extremely rare. Colors
know all a 0, material, and about its appear less saturated, but brighter, under
ad'ually m] d- ellow, red, and blue, strong white light than under lower il-
primary co urbiﬁemu;e they are not lumination; unless the illumination is too
called primary othér -color:»' By mixing low for the cones in the eye to function,
composed ‘){é"fi‘z proportions, any other when color is hardly seen at all
i CG}“: roduced, through a sub- Human senses are much better at recog-
c?lorr can ie?ﬁ‘ S ;;igment subtracts nizing relative values than ablsolute onle&
nan:nge]l;;:r O;;t of yellow, and at the and the eye exaggerates adj}!fnenlti n?ozrr
z::e {ime yellow diminishes the blue, and brightness dlﬁerfe(:\cess{ngle ahue!. no
and green results. When all colors are environment were o

y yould not be
i 3 rac matter how saturated, you wou
ml::lbmec‘éetth?l,ajlze Pl aware of color, but only brightness.
and you -
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i:t fﬂlermm instruction and pre-
e Roberto Mango beneath sput-
"0 spotlights in the Tibor de
99y gallery, where designer Mango
:lt!: little excitement was moOTe
€ point than a lot of light
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{eft upper mon

upper binoe,

—L I'ne EYE

. should be constantly

The reason the ey i
The rea sy a matter of get-

[hl B he m

A oving may e 4 lower glare
of light \-.wi.J m » bored with seeing the same thing et
{, The eye's ting A 1e position all the time, but  teft tower monoewiar
" aive from the A i3 i
: receive he fact is that the eye is much more
] the fac e E

lements mfortable, when open, if it moves
: comfortable, W

y ha L”( ;bout. And changes In ﬂ.\\z.r:nn l;\il\\'d,\'.\

o R ;,L{. some slight amount of time, involv-

SISO |.w.-. L 1 stion of the lens and pupil to

““!m‘\ e ‘[:\r: :'n \‘.,ruu,ﬁ brightness, size, and distance
::”Tul d:-:‘u'J of what is heins looked m,. e
congre- On the whole, the eye is guite we a‘l—

ated di- justed with the rest of the human per-

of the sonality. It might be wonderful to see all

kinds of colors and crisp details in every
direction at once if our attention could
handle the rush, but since we are such
single-minded things, we would only
be driven mad, and we gladly settle for
the fovea's direct line of sight.

ripheral vision is certainly not dis- Hﬂmz;n:: ey
AxisoF |

1 nerve path
y recognition
at the fovea
m, are spread
a, along with

UPPER
BINOCULAR

\ ds share
o the brain, and so Pe
pensable from any point of view, and
particularly not from the designer’s,
whose compositions would have no more

gs not
but eannot
ove by noticing

ViSion

sight,

any « r parts of unity or balance than could be achieved
except perhaps the by perceiving a series of details. Of
two lines, while look- course, we consciously (or semi-con-

sciously) examine a thing by a series of
perceptions of central vision: our eye
falls on an object or scene and we move
our foveal vision all over and around:
but all the while we are absorbing the
relationships of parts in the periphery
of vision to the immediate detail in the
line of sight, and this synthesis of central
and periphera]

e words. Rods are insensitive
Wi he surroundings are
(“critical” here
too dark for cones
take over the busi-
se¢ the: are more
n both rods and
1 seeing, as is usual,
photopie; when only the

ess

de

flux onalysis chart

hoto . vision, together with

topic memory of what is not directly in sight

e are devoted to get- at a specific moment, lets Us recognize a

- it to the scene or an object and, if the accumu-
- A trans- lated

senses of relationships and propor-
tions strike us ag pleasing, call it good

Binocular vision jg 48 you know, nec .-a-
sary for perc eptior. of distance
depth. When one e e P

£ and pupi],
light into the
e surface of the
4! aperture, the

a centr and

that Suwts th the - . is closed, every.
Hrs '”,fl‘-r * the amount of thing looks flat and so close you “U}
wtering and the distance of (he ¥0u ean touch the . hink
being looked at

moon (you must leaye
rforming the e

sophistication aboyg shadows ang rels
Hve position and known size) g e
a slightly different point of view
and registers i slightly differeny im;.:
on the reting, and the ming mmhu:
1 images intp one Picture thap jg :
Mutual modification, This bl
of one eye kind ¢

edges of What the other
on, &
" W what makes » ball 1pok found ang

an interior Jook as If ye
5 Ou can e
rathers than callide wulh,n. Sl

ens, slmost

off, when pe
o ; pe Xperiment, gl)
upil, I8 & foe Wing agent m

e OY the muscles 5

has ach eye

dise

tollects

' rods and coney by

wlina and CXTiES them 1
Whare the upside dowr
are set aright snd e iy mm-,nc;a b

Bervous and mengg) Provesses, (hae id

things he sees are & g

£

o hig
corresponding positics n w':ﬂ ft in

the brain

TEgES

“YE sees head

5 {/7SIBILITY AND Comrogy

often focus our e

usually want to se

pare when we are at detail

truly ness gets complicated, Se

the bY jetermine the visibility of an
w.-(:rl"“(d(_“”-|‘ its size, its contrast in
pet ““.41: with t immec

u:'i}lm:l the brightness of the 3
gmum]‘h:\\"‘d for seeing, and the bright.-
time ?»l'}liﬂﬂhmps between the task ang
ness ‘CU‘W” surroundings. Size me
the U\q‘m.\ which includes considera
vi.»u‘lj ¢.|DJ:L‘Ct.h distance from the eye. The
OE.;:(('F the contrast between a detail anq
g

immediate b;mk;,’rr.\unld the more vis-
1_‘51, it is; black type is best read on
IShillE‘ paper. Color contrasts, even if the
:ohlrs are of the same hrllghtraea can
pe almost as effective as bughmessl con-
trasts. The brightness of 1he_ task is de-
termined by the alﬂUL}rlll of illumination
provided for it, and this is lthe factor that
is most easily controlled; since the others
_size, brightness contrast, and, to some
extent, the time of viewing are inherent
in the task itself. Though there is such
a thing as too much illumination—sun-
light at high noon is not what you want
for reading—an upper limit for most see-
ing tasks has not yet been found, and
ease of vision increases proportionately
with increased illumination.
Shadows often contribute, for good or
ill, to our perceptions of things, When
controlled wisely, they give form and
body to an object. One or two concen-
trated light sources on an object will
Create deceiving shadows, while diffused
light can render the object true, as in
the lower right photo above,
When your eyes are

involved in a serious
task, you will not he very appreciative
Of siriking contrasts in brightness

throughout (he room. Not only because
the eye

: automatically rais from the
Job 4t times and must take the trouble
o adjusting to the by \tness of what

1t look:
pherg] vision
Same time,

up to see,

but also because per
is always acting at the
; though not so intensely or
;;El]‘:;;;:::h‘ :"“l. the rods happen to like
®Xporie ‘v.a' muulu‘r to lln.\:\'.-‘ the cones
cally “l":\‘lwn toveal wvision is t'l'I.U*
My T'he Hluminating Engineering
Ommends no more than a five
hl‘lHlmu'ss relationship between
al task and the immediate sur-
0 to ] between the task and more
Surtaces; 40 to 1 between light

Used,
Uelety peg,
0 ope
the Boty
Toung. o
femotq

sources and
to 1 anywher
These are maxin
is not reall
much smalle
Harry L. Lo

and 80 of human eyes, which explains itself on
the opposite page. In the Flux Analysis
Chart, the row of figures just below the
headings show the percentage of the

entire visual field accomplished in each

them, preferring

now vice president in  area of vision. If the distribution of light |
charge of r ch at The Holophane were perfectly even, the factor (the \
Company, has carried his studies of numbers listed on the left side of the |
peripheral v into realm of an- chart) for each of these areas would be !

thropology, and has emerged with the
judgment that rod vision is one of the
reasons man is extant, If we had been
equipped with only the sharp line of di-
rect sight, we would all have fallen off

10, The maximum and minimum rela- \
tive quantities of light, for each zone, |
that Logan found at the 70° Isotherm are
shown by the two heavy lines crossing I
the diagrams. The closer you can get to a i

cliffs or been victims of other lurking light distribution that runs down the ‘I.
dangers in nature. Today, with automo- center of the band, the safer and more |
b:le; and live wires and all, the dangers cognizant u_f man's physiology the en- 1y

vastly increased, and peripheral
hould be a prime consideration

are
visi
in any lighting job where perils of any
sort r;m_r lie in wait, such as a bar of
p on the bathroom floor.

Assuming that our eyes have dl‘\.’(‘l.uﬂl:d
by adapting to their rn:uru.l en\‘u'on:
[I;el\'. at the time human life took its
it reasonable to

vironment held to be. The drawing 3
below represents a classroom as it looks t
from the worst visual position, where a
maximum range of contrasts is in view,
and shows a distribution of foollamberts .
that fits within the range recommended
in the Flux Analysis Chart.

for: g deemed
form, Logan ¢ )
sine light distributions where man
exanmix 5 e : ;
assumed his condition. It is known, o
i 5 : areas
practically known, that the -nl\1 =
: e - al stale
where men could live in a natur )
fire, or shelter, were a
ly in Asia Minor,
» always hovered
ygan tested the

without clothes,
few small areas most
where the temperatur
Fahrenheit, Lo
on 50 subjects and

around 70 ;
i i srns there

shi patterns ) . ok e
]tlé:m"]ll pack the Flux .\Wll.ll) is C ““:l
.Irt Tl'\ read it, we must first be ;.m ;,r
l g : jiew a pa
Lhlli\ the normal field of view of a |
wi







1ly too interest-
' or safety,
saturation.
sually com-

colors are rea
d to productivi
i colors of 10

chromatic
ing to be an ai
and recommena
ishting of an interior

nd qualify

> » dis- The 1 u . -
Ldlﬂ‘]‘\ l'l:\si pn.‘-’es both general and local _huh‘iln,-.-_
e General lighting attempts to distribute

ot been L
et = hroughout a room by an ar-
1}

flux evenly t )
symmetri of

et-

rangement, usually metr
Local lighting is lighting at o1

SOuUrces. .
and it is rarely

ar the place of work,
used alone, but to supplement ;.fcn?rnl
nsideratio lighting. Localized general lighting,
r:i color, using light sources mounted abO\'o. a
i \gllrn-nc gact visual task that contribute to general il-
ilv if the Jumination as well, achieves both im-
unding bright levels are fairly ~mediate -l.!.d _:mu;unﬂ hj.‘\[:n:]:nl;:tiﬁ e
has already been noted. Glare from For any reason at all—ec [ L
ource in the field of view is un- tional, esthetic—a certain type of light-
chould be, and there are Ing distribution is chosen. Direct light-
of avoiding it or lessening  ing which sends 90-100% of the light
its annoyance. Best of all, of course, is down, gets the highest efficiency, quan-
to move the source out of the visual tity-wise, of all systems, but direct or
field, by raising it higher, imbedding it reflected glare results more easily under
in the ceiling, or putting it behind this system than any other, and so do
louvers. Or the brightness of the source great contrasts in brightness. Direct
may be reduced by adequate diffusing lighting may spread in a broad radius
shielding; the area of high brightness or shoot down sharply. A candlepower
may be reduced; or the brightness of the distribution curve of downward light is
areas adjacent to the glare source may based on the percentage of light emitted
be increased. that falls within an angle from 0° to
Reflected glare, caused by high bright- 40° of the perpendicular. If only 35-40%
ness images of light sources reflected of the direct light falls in this area, the
from shiny walls, dea-ks.' or other sur- distribution is called broad; if 60% or
'Eiaces, may be cqrrerteti in several ways. more, focussing, and there are grada-
a{ﬂsl_ Eﬂecm_’e is again to change the tions in between,
:jo::ft:;:\ of either the source or the task Semi-direct lighting sends 60-90% of
5 the reflected image will be di- the light down, the rest up to illuminate
I‘::_‘Edf away from the line of vision. The the ceiling and upper walls, Utilization
* eVr.w traeﬂedwn being so dependable, it is slightly less than in direct lighting,
d asy to construet :hg area from which, but brightness ratios and glare are im-
Were a concentrated light source th 2
FEe wosll R e e there, proved. General diffuse lighting dis-
: ed on your task: tributes from 40-60% of the li
you simply draw lines from y. % of the light down
your eyes 4&nd has a strong hori
to the edges of the task (no 4 - g horizontal component:
rmally ex- direct-indirect a ot 4
tendin & 5 y ct also distributes 40-g07
- £ from points nearly perpendicu- down, but greatly less 10-60%
2r to the eyes to points 40° f; LAY ens the horizontal
vertical) rom the part; semi-indirect send o
ertical) and redirect the i . sends 60-90% of the
g o me]s upfward light up, and indirect, 90-100% i
3 _ e angle o o 2 . A B
ﬂ'ecz.lxnce is the same from a P?r}lr%nd'j:: :E is obvious that the quantity of light
lar line as the angle of incidence, as at ama work area decreases as the same
right. Lowering the brightness of L:e- 1ha$u?; of light gets more indirect, and
source, changing the reflectj e quality of light gets si
2 & more AT ecting surface taneously better, S BEte gimul-
et Using one, or increasing the  bittersweet at bes 0 every system is
g umination in the glare ares  sibl st, because it s impos.
will help reduce the aWhoyanse e to get all the lumens of oy 3
Many illuminating engineers, J; down on a work surfac P
vester K. Guth, in ch ineers, like Syl-  mum utilization, and h“"d 80 get maxi-
é - arge of b @ ave e
search for Genera) Elem‘ lighting re-  left over for genera] li Some lumens
monotony that ric, recognize the  able factors in quality 1o "% Undesir-
b fan result from equal | 810 quality in a direct |jg
rightnesses all over th, qual  ing scheme—gharp o ight-
c. the field of visip " 'p contrasts, glare
olor is the savior. ion,  be controlled b 4 s Blare—may
e - By wsing diffe ; " ¥ sensible lavout -
eolors of the same i rent  careful choice of ; Yout and
+ or similar, bright i of equipment, If 4
nemses, 3 Work room can oy ght- s lighted 10 a high leye] py § Tum
pleasance without causing ph k¢ some  direct lighting, the el by totally jn-
comfort. Harry L, i ysical dis-  negligible and' €xpense will not be
Logan ang others as. + and a high reflectang,
or the ceiling ig vital nee factor

sume, not unrealisti
o that hl‘bly i
Havi g a room i
to hght for a specific

in footcandle
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ing, though it is hoped the finishes of
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ing with the type of light distribution
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by Ward Harrison and E. A. Anderson,
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The table on page 150 has coefficients of
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determining the coefficient. Manufactur-
ers will tell you how much absorption
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e the lumens among them, modifying the
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