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FOJLWORD

In this thesis an attempt has been made to bind together all
avallable data and statistics on public school lighting. At the present
time there is no book published that covers the warious phases of this
subjects As far as possible, information concerning the many phases has
been collected and uwused in this thesls, but still numerous points are
left out due to lack of material pertaining to thems Due to the nzture
of this subject, & great deal of the contents of this thesis is not orig-
inal, but consists of extracts taken from material obtained from numerous

sources.



INTRODUCTICN

The lighting in practically all of our school buildings is far
below the standards set forth in the code of lighting for shcool build-
ings, This is indeed an unfortunate condition. The eye of the young
child is in a formative state, a2nd undue strain at such a period will
surely manifest itself at a later date. Statistiocs indicate that a
high parcentage of absences and failures are due to defective eyesight.
Oonditions which tend to cause such effects should most certainly be
remedied. The economics of the situation are apparent to any thinking
individual,

Good 1lighting in the schools is not a commercial proposition,

It is a dutyl

Rearly five million of our school population of about twenty
million have defective vision, 254 on accomunt of poor lighting and 607
from other causes, Poor eyesight of school children costs the country
$130,000,000 & year, due to two million childrem that repeat & year on
account of defective vision. This is on a basis of $65.,00 per child
per year, Fifteen per cent of those having good vision up to the 9th

grade, show defegtive vision in the 9, 10, 11, 12th grades.



In Biblical times & man named Esau sold his birt{hright for a
mess of pottag® == traded a rich inmheritance for & morsel of meat, It
was a poor bargain, to say the leaste Lsau may have been hungry, but he
surely had no conception of the relative value of ﬁh{ngs. He lived en-
tirely for the present, and without the slightest thought for the future --
but bafore we criticize him too sharply, let us see if our own generation
does not practice false economies that are almost as bad as ksau's unthink-

ing blunder}

Take eyesight. Ve live in a visual world, and our sense of sight
is a v.aluable birthright. Yet we abuse it seversly. We call upon our eyes
to function under lighting that we know is poor, and if the resulting eye-
strain causes general fatigue, headaches, nervousness, indigestion, or even

permanent impairment of vision, in a way it serves us right. 'We know better.

With our children the proposition is different., Their eyesight =
their priceless birthright -- 1s entrusted to our care, and it is clearly
our responsibility to see that mothing impairs it unnecessarily. In general,
we want our children to be equipped as well as possible for the competitive
game of 1life. bducation is a means to this end, but educztion at the ex-
pense of good vision tends to defeat 1ts basic purpose, for vision is high-

ly important in almost 211 kinds of worke

Aside from the enormous personal losses which result from imper-
feot vision, both during school life and afterwards, school lighting may
be considered as one of those cost items which must be budgeted that maxi-

mm return will be obtained. Purely from this standpoint of the actual



dollars and cents cost of operating our educational system, if poor light-
ing and the resulting imperfect vision prevent anmually only two per cent
of our children fram passing, the cost to the state of repeating the year's
ingtruction for these children is as much as its total school lighting bill
for the entire year! And where poor lighting has caused eye defects among
school children, in lster life their earning capacities are thereby re-
duced, which in the aggregate amounts to an immense economic loss to them
and therefore to the nation. Clearly, the real cost of poor lighting is

stupendous}
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Chapter I,

LIGH? a1D VISION

Light 1is the essential condition for vision =- Webster's Dic-

tionary.

Since vision is extremely important to us in our daily activities,
the influence of light on vision, is likewise important. Basic facts on
light and vision, usually presented in highly scientific or mathematiocal
form, are herein reduced to simple non-technical terms which show their

practical applications in life,

In the Kels School of Lighting there is zn exhibit showing a
disc rotating at constant speed. Changing the emount of illuminstion on
the disc apparently changes its spead of rotation. Under low illumination
the disc appears to rotate rapidly; the geometriczl patterns on its face
are blurred and indistinct. “/hen the illuminstion is increased there is
apparently a pronounced slowing down of the disc, the patterns becoming
distinct. The truth illustrated is fundamentals namely, that it takes
less time to see under high i1llumination than under low =- that there is

a time factor in the process of seeing, just as there is a time factor in

takxing a photograph.

Saving time, crowding extra seconds into every minute, is the
common objective of efficiency efforte We do it by substituting machinery
for hands and orderliness for lack of system, but wherever lman eyes are

used, if the light is inadequate, the hour 1s not long enough for the work



it should contain., The eye in its camera action is forced to take time
exposures instead of snap shots. These exposures are taken thousands
and thousands of times a day, and the extra fraction of & second for each

exposure spells an accumulated loss of half an hour or so during the day.

Ample diffused illumination on the work saves this time; and

with less, rather than more, effort on the pert of the operator,

Good artificial illumination 13 a development of comparatively
recent years, and although it is quite generally conceded to be desirable,
there are few who entirely comprehend how the accompanying benefits are
derived, The following curves present basic facts which provide a direct
link between light and time - betwesn better illumination and the inoreas-

ed production and decreased acéidents, which have invariably resultede.

Perception
Figure 1 shows the relation between the level of illumination

and the simplest visual operation -- perception. This curve illustrates
the outcome of a series of tests in which a black dot was exposed momen-
tarily on a white field, and for each level of illumination the shortest
exposure was found for which the subjects could detect the mere presence
of the dot. The curve shows that at 2 or 3 foot-candles, which is a com-
mon value of artificisl interior illumination, a relatively long time is
required for perception. With an illumination of 10 to 20 foot-candles,
which now represents very good practice, the time required for perception
is much less, and it decreases steadily as the illumination is raised
still further. This is to be expected, since the range of outdoor illum-

ination to which the eye has become accustomed through centuries of evol-
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ution is usually from 100 foot-cendles, which corresponds to the waning

1llumination at sunset, to 10,000 foot-czndles on & bright surmer day,

Discrimination

Good vision requires more than the mere perception of ean object;
it requires the discrimination of its fine details as well, The speed
with which this disorimination can be accomplished -~ or in other words,
thé speed of vision -~ involves all factors of light znd lighting which
influence the ability of the eye to distinguish details by differences in
brightness and color. Tests similar in character to the "perception"
tests, have bean conducted on the relation betweemn the time required for
discorimination and the amount of illumination. The results show the same
genaral trend as that noted in the curve of Figure 1j the eye discriminates
detzils more rapidly under the higher levels of 1llumination, although re-

quiring more time than for mere perception.

In all these basic tests it should be remembered that if the con-
trast between the test objects and their backzrounds were less pronounced
than black on white a much higher illumination would be required to give

the same clearness and quickness of vision.

The Astigmatic Eye

Further tests have proved that an astigmatic eye always requires
longer for disorimination -- for vision -- than does & normal eye under
the same illumination. The curves 1n Figure 2, covering the more common
intensities of artificial lighting, show this to be the case. They also
show that an increase in illumination benefits the astigmatic eye to a

relatively greater extent than the normal eye, or conversely, at the lower
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lgvels of illumination the astigmatic eye is handicapped even more than
the normal eye.. This fact is especially worthy of note, because more than

half of-the industrial vorkers of today have defective vision.

Reazding Test

The przcticzl value of these results have been verified by a
test on the speed of reading, shown in Figure 3. A4s would be expected,
the time required to read 100 words becomes appreciably less as the illum-~
ination is raised. It will &lso be noted that reading was faster with a
sharp contrast between the type and its background. This latter fact is
significant, since in the everyday uses of the eye, with the single excep-
tion of the printed page, brightness contrasts are seldom found as pro-

nounced as black on white, which is the best condition for clear visionm.

Eye Fatlgue

It is a common experience that under a continuous gaze the eye
becomes fatigued to such an extent that the details of the objeot viewed
become blurred part of the time. Figure 4 shows the results of tests which
have established the fact that under low illuminstion a fixed gaze fatigues
the eye rapidly, whereas raising the i1llumination improves the clearness
‘of sustained vision to a considerable extent. Here again the astigmatic

eye is handicapped even more than the normal eye by lnsufficient illumin-

ation.

Glsre and Vision

The foregoing tests have demonstrated rather conclusively that
by inocreasing the quantity of light the speed and accuracy of vision are

increased. Tis is only true, however, where the eyes are not subjected



to glare, It 1s gonerally kmovn that the pupll -- the gatewey of vision —
contracts very much when the eye is exposed to glaring light sources, but
the practical effect of this contraction, which is Nature's safety valve,

1s usually overlooked,

When one looks &t an object, an image of the object is formed
within the eye, and nerves transmit the picture to the brain. The funda-
méntal factor in vision is the brightness of this image, which is propor-
tional to the area of the pupil and to the brightness of the object viewed.
In the absence of glare the pupll automatically expands, which is equiv-

alent to lnoreasing the illumination on the object viewed,

To 1llustrate this point, suppose a vorkman has 10 foot-cendles
upon his work, but the lighting is so glaring that his pupils are contracted
to a diameter of 1/8 inch. 4 second workman also has 10 foot-cecndles upon
his work, but the lighting units are of proper design and are hung well
out of his direct line of vision, so that the absence of glare allows his
pupils to expand to 3/16 inch. The brightness of the image within the eye
being proportional to the square of the diameter of the pupil, the images
of the second workman will pe about twice as bright as those of the first
workman. Evwen though ;he intensity of illumination at the work is ex-
actly the same in the two cases, the second workman is really enjoying
the advantage of twice as much "seaeing" light. His visual doorwzy is
open a hundred per cent more than that of the first workman exposed to
glare. There are other beneficisl results arising from elimination of
glare, such as greater comfort and safety, but the one Just stated is

directly measurable in terms of foot-candles.



Chapter IX.
DIPORTANCE OF GOOD ARTIFICIAL SCHOOL LIGHTIMNG

orrect School hti
What It Meansi
Reduction in Eyestrain,
Better Progress in Studies.
Kore Cheerful Surroundings,
Greater Comfort, Safety, and contentxﬁent.
Education in Good Lighting Through Experience,
How It Is Accamplisheds
1, By Controlling Daylights
Glass area of windows not less than 1/5 of the floor area,
Desks arranged so that pupils do not face windows.
Width of roam not more than twice the height of top of win-

dows from the floor.
411 windows equipped with proper shades to diffuse the 1light.
2+ By Proper Artificial Light:s

Approved standards of illumination intensities provided and

maintained.

Lights shaded and proper distribution obtained by shades,

reflectors, and enclosing glassware.
3e By Avoldance of Glaring Reflection:
Walls and cellings finished with dull surface.
No glossy finish on desk tops or interior woodworke
Dull blackboards.

Glossy paper avolded.



School Lighting As & Factor in Saving Sight

Eyesight conservation of school children is a problem of great
national importance. Improper 1lighting is one of the direct cuuses of
eyestrain which in turn produces such uncomfortable and hamful results
&s headache, unnatural weariness after study, bloodshot eyes, crusty lids,
etc. Rvery effort should be made so to improve the lighting facilities
of our schools that all children will enjoy equal advantages of normal
physical and mental development. It is highly essential that the light-
ing of school buildings (both natural and artificial) be in accordanes
with approved standards. No child should be required to face the sourge
of light, whether this be a window or a gas or electric light. Eyastrain
will frequently resuit from such hamful practices, but it may be avoided
by shading winﬁows and by placing the lamps well above the direct line of

vision and properly shading them,

Condition of School Lighting
Surveys of physical equipment of school systems made in different

parts of the country show, almost invariably, that natural lighting facil-
ities need improving and adequate artificial i1llumination is almost entire-
ly lacking. The principal reason for this condition is that many school
buildings were bullt years ago when the importance and value of proper
lighting were not apvreciated, and the science and art of lighting were
very imperfect. This is particularly true in rural school distriets, but
exists to a surprising extent in many cities., iven some of our more modern
school buildings have been planmed without giving proper consideration to

the arrangement of windows, the amount of window area, or the installa-

tion of adequate artificial lighting.
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Demand for Good Artificlal School Lighting

Artificial 1lighting should be provided for all schools. Al though
most of the school work is done in deylight hours, yet on cloudy or stormy
days supplementary lighting is necessary. Artificial lighting must re-
ceive special consideration, for a satisfactory combination of natural

and artificial lighting is one of the most exacting problems,.

Koreover, during the last few years the schools have become
overcrowded, making night sessions & common practice and good lighting
is certainly required then. The method of securing this additional light

should be given careful consideration.

To quote Dr, wme M, Howe, of the New York State Department of
Educations "I believe that in time ‘any school service that does not pre-
vent most of these ocular defects, with which we are meeting so often,
will be considered inefficient and dereliot. in its duty to school children,
There is something intrinsically wrong in any educational system that per-
mits from eight to fifteen per cent of our children to acquire defecgtive
vision within the few yesars of their school lives, Few children, as you

may know, are born with defective eyes."

The fact that eye troubles are more prevalent among children
in the advanced grades would indicate that this strain is increasing
rather than deoreasing. In most cases, the individual child recelves
his first exacting eye work when he goes to school, where from necessity

a large quantity of printed and written matter has to be dealt with.

-] 2w



It can therefore be easily understood how a child, born with
normal vision, but forced to do detailed work, oftentimes under poor 1l-
lumination, develops poor eyesight. Indeed, one finds i% difficult to
appreciate the benefits of compulsory education when as & result of it
many people are orippled in eyesight. It i1s essential to provide good
11lumination in the school in order that those pupils with normal eyes
may see properly. In addition to this, 1t has been found that with ade=-
quate 1llumination pupils with defective vision are able to do much better
work. Numerous cases have been reported where pupils were supposed to be
meéntally backward, where defective vision was later found to be the real

difficulty.

In the majority of schools, the arrangements for daylight are
generally satisfastory, but the artificial lighting may be very inadequate.
Even today systems are in use which consist only of bare incandescent lamps
and where reflesctors are used, they are frequently inadequate or may be
hung in such positions &8 to produce eyestrain. Aigain, the system may be
otherwise properly designed, but the intensity of illumination be fsr too

low,

Proper lighting of the school house should be considered not an
expense but an economy. If, because of defective vision, a pupil is forced
to spend one extia year at school, the cost of teaching this one student
for a longer period than normzlly will much more than offset any of the
expenditures necessary for proper lighting. Statistics reveal that these

cases are leglon.



The Development of the Art of Lighting

There are two distinot kinds of lighting in regular use by all

civilized people. The first and most important is the light which comes

to us from the sun. This is spoken of as natural lighting. The other

is that devised by man to supplement the light of the sun and is ca'lled
artificial lighting. Formerly people depended almost entirely upon the
light from the sun. 4ll work that required good light was done in the day-
time. Lamps have been used for sges, but the older forms gave forth very
little light. In fact while lighting is one of the oldest arts it has been
one of the slowest to develop. There has been a greater development in
artificial lighting in the last fifty years than there was in all the ages
before, since the time when a flaming fire was the only source of light
other than the sun. Within recent years there have been constantly in-
creasing demends for artificial light that will take the place of sunlight,.
It would be difficult to conceive of not having light at night as well as
during the day in our homes, our schools, public buildings, stores, and
fzotories. bwven though daylight is the most perfect form of light and
artificial light has been wonderfully improved, care must be taken in the
use of either, for eyestrain may be caused by foulty use of daylight just

as it may be from wrong application of artificial light.

Blements of Lighting

Before discussing natural and artificial lighting separately,
there are some principles applying to both which should be understood.
Eyestrain may be caused by elther daylight or artificial light. Either
mzy be too bright or improperly directed, thus causing glare, or the i1-

lumination produced may be insufficient. The three important elements

of lighting are referred to ass

-14 -



l, Intensity.
2o Diffusion of lighte

3¢ Distribution of light,

Intensity
It is self-evident that the proper amount of light must be sup-

plied for any kind of worke The correct intensity is necessary in order
that everything which is to be seen may be seen clearly and without fatigue,
No matter what system is used, unless enough light actually reaches the
desks, the lighting system is inadequate. It 1s not necessary to go into
technical detzil when we say that the unit of intensity of illumination is
the foot-candle (defined as the illumination on & surface normal to a one=-
cendle-power source at a distance of one foot)s. In an instellation, we
measure this value with a Foot-candle Meter or other portable photometers
The following table indicates the average intensity of i1llumination it is
desirable to provide in the school house, the higher vslues representing

the better practice.

Classrooms, study IOOMSecesscsssssssssccccceeeB~10 foot-candles on desks
Office.......;................................7-10 foot-candles on desks
Clo8K IOOMececessesescrcscscssssssscssscsssssesl= 3 fOOt-candles on floor
Corridors and stairwayBeceesscececcecesscessssel= 3 foot-candles on floor
LaDOTAtOTTeosescseccssssesscosssscscssscssseseB=l0 foOt~candles on tables
Auditoriums and assembly roOmSeeeescscccesscceed= 6 fOoOt-candles on floor
Auditoriums and assembly rooms, if used for class

Or study pPUrpOBe@Ssecesscssesscscssse8~10 fOOt=candles on work
Drawing, 86WingZeeecsecssccsssscecccccsccecseeel0=15 foot-candles on tables

Mamal training, WOI‘kShOPB..ooooooooooo000.00.6-10 foot-candles on work

-15=
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Gymnasiums, swimming poolSceececssccscsccecssesd~6 fOoOt-candles on the space,

Even though we can supply adequate light for any process, it is
inadvisable to allow the young child to do fine needlework under artificial
illumination. The periods czn be so planned that this may be carried on

by daylight.

While such values as given above will produce satisfactory results,
the higher, rather than the lower 1ntené1tiea are recommended. With the
higher intensities, an increased degree of perception is obtained. 1I1f in-
creased produsction in industrial plants and offices can be profita.bly brought
about by high level lighting, why should not increased speed and accuracy of

accomplishment on the part of pupils likewise be worth whilet

As &an unfortumate result of our economic system, students are
usually compelled to work under less light than 1s provided in industry
for similar operstions. In reality, more light is needed, because the pupll
in the process of learning has to give closer visual attention than a work-

man to whom &2 process becomes more or less asutamatic.

With the modern, very efficient Mazda C lemp, it is now possible
to provide high level lighting and thus avold eyestrain, at no greater cost
than would have been incurred to segure a very low intensity, slightly over

a decade ago.

To predetermine the results obtained from a given lighting system
is a comparatively simple matter and several methods are outlined in pul-

letin Index 13, entitled, "The Calculation of the Lighting Installation."



Diffusion
The hammful effects of glare can not be over-emphasized. The

likelihood of glare fram light sources is becoming greater and greater
with the development of more efficient lamps with their increased in-
trinsic brightness., Practically all commercial 1light sources are far
too brilliant to be in the field of view without producing a blinding
effect and reducing the ability to see. Vhen bright light sources are
‘placed hich above the head, the eyebrows protect the eyes, as-will be
noted out of doors under the noonday sun, but, from the construction of
our bulldings, 1lluninants must be hung rather low and come within the
field of view. Ve therefore always reduce the brilliancy of the light
by means of diffusing globes, shades, or reflectors, which either effec-

tively enlarge the light sources or actually hide them from view,

Diftusion also softens the shadows so that severs oonfrasts
are less likely to occur. It is not desirable, however, to go to such
an extreme diffusion that we entirely eliminate shadows, for they are
very essential to show the contour or shape of objects. Over-diffusion

or flat illumination is trying to the eyes and unpleasant.

Not only must we tske care of the light sources themselves in
providing diffusion, but the walls and other objects must be given atten-
tion. Dull rather than polished surfaces are desirable here, and even a
depolished or waxed finish is more desirable thzn varnished or highly

polished surfaces on the desk and other furniture, as the latter produce

mirrorlike effects in reflecting the 1lizht sources,
In this connection, attention should also be given to the desira-
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bility of matt rather than glossy finished paper, for paper with a glossy

finish likewise reflects light in an annoying manner,

“hen we think of diffusion, its antithesis, glare, &also comes

to mind and, as pointed out, intrinsic brightness is one of the greatest
sources of glare, although it is not the only cause. A large area of low
intensity may be very annoying. I&veryone has experienced the glare from

a cloudy sky. Ixcessive contrast may produce glare, This can be illus-
trated as follows: A bright incandescent lamp in a dark room is most annoy-
ing, whereas the same lamp viewed in an open window against the sky is not
at all noticeable. This has a practical bearing in the school room where

blackboards are adjacent to white walls of a high brightness,

Distribution of Light

Under this heading we have two extremess one known as local light-
ing and the other as general illumination. In local lighting we provide
relatively low candle-power light sources, located rather close to the work,

furnishing a high intensity of illumination over ar small aresz,

There is a tendency to use local lighting in drafting rooms, ma-
chine shops and sewing rooms. The lamp 1is 6ften under the control of the
pupil. He knows very little about the proper use of lamps and often works
in his shadow. Good general lighting would, therefore, be much better,
Local lights very often cause annoying glare to pupils at adjacent tables,
The system is always unsightly, and the drop cords are often tied back,
which is strictly against the rules for good wiring and a dangerous prac-

tice,



In general 1llumination much larger lamps are used, hung as high
as possible,providing almost uniform lighting throughout the room; in fact,
there is a much more uniform intensity across a roam than is possible with
natural lighting from windows 2s ordinarily placed. It similates daylight,
makes the room appear much brighter than local lighting; is, in general,
independent of the arrangement of furniture and, without qﬁestion, is the
system best suited for schoolroom lighting. The wiring cost is much lower,
there is less likelihood of glare, and no danger of breakage of lamps or

reflectorse.

The color of walls and ceilings has a very direct influence on

the distribution and actual guantity of light delivered on the desks,

The Classroom

Gensral Considerstionss

It is natursl to direct the light on the object to be seen and
not to the eye; therefore, since it is necessary to hang lamps high and
out of the line of vision, we eguip them with reflectors or other devices
to direct the light to the desks, or to the ceiling to be reflected down-
ward. It i1s always desirable to shield or diffuse the light at angles
near the horizontal and as even an intensity of illumination as possible
should be prdvided throughout the room. While & certain variation in in-
tensity of artificial illumination to the minimum intensity of artificial
1llumination, measured in foot-candles, and taken at the desk tops should

be less than four. A symmetrical spacing of outlets is therefore essentizl.

More outlets are required for direct lighting than for the in-

direct systems, in order that multi-directional light may be provided.
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It 1s alwzys desirable to hang units as high as possible to keep
them out of the field of view. No lighting units should come below & line
extended from the eye of a student in the rear seat to a point two feet

above the blackbosrd.

The wiriné should be so arranged that the switches are readily
accessible, It 1s often desirable to subdivide the circuit as follows:
l Have one circulit which controls the lzmps near the teacher's desk so that
he or she can work after hours without 2ll of the room lighted; the re-

maining 1izhts on & separate switch,

The fixture in the ordinary classroom serves a purely utilitarian
purpose -- that of supporting the glassware and lamp. It should therefore
be simple in character. The means of suspension of any type of lighting
unit should be such that there is absolutely no danger of the glassware
falling, and especially in the case of indirect units it is desiradble to

have some convenient mesns of cleaning.

Blackboards:

There is a likelihood of glaring reflections from blackboards
and they should, therefore, alwzys have matt rather than polished surfaces.
It is sometimes possible to get rid of reflection by tilting the boards
slightly. Blackboards which will be written on with colored chalks, and
those that are more than twenty feet away from the pupill, should be especi-
ally lighted to an intensity approximately 50 per cent hisher than the in-
tensity in the rest of the room. This can be accomplished by the use of
properly screened and judiciously placed loczl units similar to the systems

commonly used on outdoor signs and billboards. ior clear vision, black-
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boards should not be located between windows.

rison of Various Lighting Systems
Direct, semi-direct, and totally indirect systems are all em-
ployed for school lighting. Xach has certain advantages and disadvan-
tages which are outlined below. A number of factors must be taken into

consideration which may be briefly stated as below:

Quality of illumination produced.
Convenience of maintenance.

Appearaznce of the installztlon,.
Efficiency of the system,

Ability to provide the desired intensity.

Cost of installation.

Certzain systems mey appear to be most desirable from theoretical
considerations, but may not work out well in practice. Obviously, the type
of 1ighting unit to select is the one vhich will give a desirable quality
of 1llumination in ss efficient a manner as possible, owver a long period,
The proper maintenance of a lighting system in any class of sarvice is of
such importance that it hzs beeﬁ deemed advisable to treat this subject
in considerable detail in a separate bﬁlletin. Index l4. kven greater
emphasis must be laid on this question in the school, for supervision is
at best meager and periods between cleaning of considerable length. These
conditions should not exist, but nevertheless we must recognize that such

is the case and take this into consideration when planning the lighting.



Total indirect lighting produces a very high quality of 1llumi-
nation, but requires a relatively large wattage for a given‘intensity.
With such & system, there 1s little possibility of glare and the 1light
is very soft and comfortable to work under. Glaring reflections are at
& minimum, The inverted bowls, however, tend to accumulate considerable
dirt and unless they are cleaned frequently the light output is materially
reduced. A well supervised system of maintenance is absolutely essential
where totally indirect lighting is installed. As pointed out, the results
are excellent and one must expect to spend more money for obtéining the

highest grade of a given commodity.

Semi-indirect lighting is an intermediate practice, most of the
light fram the lamps being directed to the ceiling, with a slight amount
transmitted through the glassware, It is slightly more efficient than
totally indirect lighting; the resul tant i1llumination is well diffused
and such shadows as are produced are very soft and do not cause annoyance,
The best forms of semi-indirect umits for school work employ dense glass
or some other meazns of reducing the brightness of the lighting unit. A
light density, semi-indirect unit, wmless of very large slze, becomes
vory bright and the system loses many of its advantages, beczuse of the
fact that a number of fairly bright objects are in the field of view,

An open type semi-indirect unit is open to the same objections as a
totally indirect fixture as to the accumulation of foreign material and

depreciation of light outpute

There has recently appeared on the market & mumber of totally

enclosing, semi-indirect units which are relatively easy to clean and there-

fore offer special advantagese
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In meny of the older installations, open bottom, direct lighting
units are used. Such & system is obviously efficient from the standpoint
of light utilization, but the diffusion is not of the highest gquality,
shadows and contrasts are likely to be rather severe, «nd direct u«nd re-
flected glare becomes serious, particularly if clezr bulb lamps are em-
ployed. The use of this form of lighting is advisable only where costs
must be kept at 2 minimm «nd where secondary considerztion is given to

the quality of illuminztion.

‘here direct lighting is deemed advisable, dense opal or etched
prismatic reflectors should be used. These transmit but & small portion
of the light, and they, therefore, are not very bright. The diffusing
bulb or bowl enameled Mazda C lamp should alwuys be employed in preference
to the clecr lamp, =3 these finishes produce better diffusion, reduce re-

flacted glare, and soften shzdows.

The flat type reflectors should never be used in a schoolroom,
for it is &lmost impossible to conceal the filament from view when using
this style of shzde. Opaque reflectors are, of course, generally unsulted,

as the celling would be very dark when these are used.

In view of the above &nzlysis, the enclosing, diffusing, direct
lighting luninaire seamns to be, at the present state of the art, the most
genarally a.oplicable equipment for classroom lighting. If the proper type
is chosen, a well diffused illumination, quite free from direct or reflected
glare, is produced. althouch the major portion of the light is directed dovwn-
ward, & considercble amount is transmitted upward, thus giving & cheerful

appearznce to the room and & character of i1lluminztion closely akin to
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that produced by sosmi-indirect units. It is apparent that such equip-
ment does not depreciate 2s rapidly with the sccumulation of dirt as do
other fixtures producing the same gemeral quality of illumination. This
should not be taken to mean that cleaning can be neglected, for it 1is

always of prime impdrtance.

The question has often been raised whether it is necesswury to
provide ventilation for a totelly enclosing unit. Carefully conducted tests
have indicated that, with sufricient radizting surface, in other words, an
adequate size of fixture, ventilation is unnecessary when Mazda C lamps are
usede Practically all types of fixtures on the market, of this nature, are
sufficiently large to provide the necessary radiation. From a maintenance
standpoint, ventilation is undesirable, for with it a current of air is
passed through the fixture, snd dust is naturally deposited on the glass-

ware and lamp. With the fixture tightly closed, this action is negligible,

A number of factors must be taken into consideration when making
& choice between commercial types of equipment of any one class. Consider-
ing, therefore, the type under consideration, i. e., an enclosing diffusing
unit, one important element is the intrinsic brightness of the glassware,
This is & function of the character of diffusion produced snd the size of

the globe or glassware.

If the diffusion is inadequate, as for example, that produced
by a sandblasted clear glzss globe, there will be & bright spot opposite
the lamp and the rest of the globe considerably less brilliant, The
brighter spot, of course, is the determining elanent. Assuming, however,

that the globe gives good diffusion, the brightness will then depend on
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the diameter of the globe and the size of lamp used. A given globe might
be entirely satisfactory with a 100-watt lamp, but very unsatisfactory with
a 300-watt lamp. For the positions and heights ordinarily encountered in
classroom lighting, a maximum brightness of two to four candle-power per

square inch should not be exceeded.

The succeeding chapter is devoted to an outline of the "Code of

Lighting School Buildings." This code was published in 1918 by the Illumi-

nating bngineering Soclety.
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Chapter IIl.
CODE OF LIGHTING SCHOOL BUILDINGS

Introduction

In 1918 the Illuminating kngineering Society prepsred znd issued
a code of lighting school bulldings. Shortly after the publication of the
code, the New York State Depzertment of Educatlon wudopted it as a guide in
planning the artificial lighting of school buildings in that State, The
Industrial Commlission of Wisconsin used the code as a basis for the pre-
parstion of the Wisconsin School Lighting Code, effective 1921, A number
of provisions of the code have been incorporated in building codes in

several States and municipalities.

Improvements in lighting practice during the past five years
have made necessary a revision of the code to conform with modern stan-
dards; moreover, there has been a demand for more definite snd detailed

specifications than those contzined in the 1918 code.

The sccompanying code z2ims to meet this demznd and is intended
to serve not only as a guide for legislators, State and municipsl depart-
ments of instruction, snd other regulatory bodies interested in the form=-
ulation of enagtments, rules, znd regulations for the day-lighting and
artificial lighting of school buildings, but also as a gulde to archie
tects in planning the lighting of school buildings and to school super-
intendents and othsr school authorities in bettering lighting conditions.
A popularized brief of the code, now in course of preparation, is intended

to serve as an aid to teachers in instructing children in the proper use of



the eyes znd 1n the underlying principles of correct lighting =- an im-
portant part of the course in school hygiene that has received as yet but

scant attention.

The code was prepared by = sectional committee consisting of
representatives of organizations, societies, and individuals identified
with the school-lighting problem in one or another of its various phases,
The sectional committee was organized by the Illuminating Engineering
Soclety and the American Institute of érchitects, joint sponsors for the
code, under the rules of procedure of the American Engineering Standards
Committees The code has bean approved by the sectional committee, the
Illumina ting Engineering Sociaety, and the American Institute of Archi-

tectse.

Although the rules anmd recommendations of the code are based
upon what is considered the best practice of the present time, it is pro-
bable that in the future modificztions may become dasirable as the art

develops and as experience 1s gained in the application of the code,

Explanation of Technical Terms

In the rules and discussion of the code 1t is necesszry to use
some technical tems referring to the measurement of lighte. All such
measurements are now based on standard lamps kept in the national stan-
dardizing leboratories of the various countries. The ceandlepower of
these standards is fixed by internationzl agreement, and other lamps are
measured by comparison with them. The unit of candlepower is substan-

tially the average intensity of the old standard sperm candle,



Kvery practical source of light has different cendlepowers or
intensities in different directions, and consequently "candlepower" is
not & direct indication of the total light given out. In order to avoid
ambiguity it has become customary in this country to rate lamps in terms
of their total 1light output. The unit used is the lumen. The lumen is
the 1ight falling upon an ares of one square foot all points of which are
onb foot distant from a source having an intensity of one candle. Such
a surfece receives zn lllumination of one foot-candle; in other wonrds,
one lumen of light flux 1s enough to furnish one foot=-candle of 1llumi-
nation on 1 square foot. The lumens needed on & working surface are the
produst of the number of square feet of area to be lighted by the number
of foot-candles required on the surface. The light output of an illumi-
nant, as well as the light received on a given area may be measured in

lumens.

Yo lighting installation can throw upon the working surface all
the light produced. The coefficlient of utilization of =n installation
with reference to & given plane is the ratio of the light flux (lumens)

received on that plane to the total flux from the lamps illuminating it.

The reflection~-fastor of & surface is the ratio of the light
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