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NOTE ON REVISION OF THE CODE

The present code was revised under the rules of procedure of,
and has been officially approved as an “American standard ” by, the
American Engineering Standards Committee.

For this purpose, a sectional committee made up of representa-
tives officially designated by the societies and organizations listed
below was formed by the Illuminating Engineering Society and
the American Institute of Architects, joint sponsors of the code:

American Gas Association.

American Institute of Architects.

American Institute of Electrical Engineers.

American Medical Association (Section on Ophthalmology).
American Public Health Association.

American School Hygiene Association.

American Society of Safety Engineers.

Eye Sight Conservation Council of America.

Illuminating Engineering Society.

National Association of Public School Business Officials.
National Bureau of Casualty and Surety Underwriters.
National Committee for the Prevention of Blindness.
National Council on Schoolhouse Construction.

National Education Association.

National Electric Light Association.

National Safety Council.

United States Bureau of Education.

United States Bureau of Standards.

United States Public Health Service.

Women’s Bureau of the United States Department of Labor.

ILLUMINATING ENGINEERING SOCIETY

The Illuminating Engineering Society was organized in 1906 for
“* % * the advancement of the theory and practice of illuminat-
ing engineering and the dissemination of l};nowledge relating thereto.”
The society now has about 1,400 members who are interested in the.
subject of lighting from various standpoints : Engineering, economic,
hygienic, aesthetic.

The society has no affiliations with any commercial organization.
Anyone interested in its objects may become a member.

AMERICAN INSTITUTE OF ARCHITECTS

The American Institute of Architects is the national organiza-
tion of the architectural profession. Its objects are to organize and
unite in fellowship the architects of the United States, to combine
their efforts so as to promote the aesthetic, scientific, and practical
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efficiency of the profession, and to make the profession of ever in-
creasing service to society.

~ Every architect who is qualified to practice the profession of
architecture and who deals honestly with his brother architect and
with those whom he serves is eligible to membership.

The office of the secretary, the headquarters of the institute, is in
the Octagon House, Washington, D. C. The office of the Scientific
Research Department of the Institute is at 19 West Forty-fourth
Street, New gork City.
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CODE OF LIGHTING SCHOOL BUILDINGS

INTRODUCTION

In 1918 the Illuminating Engineering Society prepared and is-
sued a code of lighting school buildings. Shortly after the publi-
cation of the code, the New York State Department of Education
adopted it as a guide in planning the artificial lighting of school
buildings in that State. The Industrial Commission of Wisconsin
used the code as a basis for the preparation 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
standards; moreover, there has been a demand for more definite and
detailed specifications than those contained in the 1918 code.

The accompanying code aims to meet this demand and is intended
to serve not only as a guide for legislators, State and municipal de-
partments of instruction, and other regulatory bodies interested in
the formulation of enactments, rules, and regulations for the day-
lighting and artificial lighting of school buildings, but also as a
guide to architects in planning the lighting of school buildings and
to school superintendents and other school authorities in bettering
lighting congitions. A popularized brief of the code, now in course
of preparation, is intended to serve as an aid to teachers in instruct-
‘ing children in the proper use of the eyes and in the underlying prin-
ciples of correct lighting—an important part of the course in school
hygiene that has received as yet but scant attention.

The subject matter of the code as here presented is divided into
three parts: (1) Rules; (2) Why the fulfillment of the rules is im-
portant; (3) How to comply with the rules.

The code was prepare {)y a sectional committee consisting of
representatives of organizations, societies, and individuals identi-
fied with the school-lighting problem in one or another of its various
phases. This sectional committee was organized by the Illuminat-
ing Engineering Society and the American’ Institute of Architects,
joint sponsors for the code, under the rules of procedure of the
American Engineering Standards Committee. The code has been
approved by the sectional committee, the Illuminating Engineer-
ing Society, and the American Institute of Architects.
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2 CODE OF LIGHTING SCHOOL BUILDINGS

Although the rules and recommendations of the code are based
upon what is considered the best practice of the present time, it is
probable that in the future modifications may become desirable as
th;a1 art develops and as experience is gained in the application of the
code. .

The subject of fire hazard in school buildings, though outside
the scope of this code, should receive most careful attention. Build-
ing codes and local, étate, and National regulations should be con-
sulted. In this connection reference should be made to the following
pamphlets issued by the National Fire Protection Association, Bos-
ton, and promulgated as the regulations of the National Board of
Fire Underwriters: “ National Electrical Code,” ¢ Installation,
Maintenance and Use of Piping and Fittings for City Gas,” ¢ Instal-
lation and Operation of Acetylene Equipment,” “ Gasoline Vapor
Gas Lighting Machines, Lamps and Systems.” The subject of
safety from fire has received special attention in the school-exits sec-
tion of the American Engineering Standards Committee’s Building
Exits Code, which should also be consulted.

Constructive criticism, suggestions, and inquiries in relation to
the Code of Lighting School Buildings will be welcome and should
be addressed to the Sectional Committee on School Lighting Code,
American Engineering Standards Committee, 29 West Thirty-ninth
Street, New York City.

EXPLANATION OF TECHNICAL TERMS

In the rules and discussion of the code it is necessary to use
some technical terms referring to the measurement of light.! All
such measurements are now based on standard lamps kept in the na-
tional standardizing laboratories of the various countries. The can-
dlepower of these standards is fixed by international agreement, and
other lamps are measured by comparison with them. The unit of
candlepower is substantially the average intensity of the old stand-
ard sperm candle. '

Every practical source of light has different candlepowers or in-
tensities in different directions, and consequently “candlepower”
is not a 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 lifht output. The unit used is the
lumen, The lumen is the light falling upon an area of one square
foot all points of which are one foot distant from a source having
an intensity of one candle. Such a surface receives an @lumination
of one foot-candle; in other words, one lumen of light flux is enough
to furnish one foot-candle of illumination on 1 square foot. The
lumens needed on a working surface are the product 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 illuminant, as well
as the light received on a given area may be measured in lumens.

1 Formal and precise definitions of such terms are given in the reports 6f the Com-
mittee on Nomenclature and Standards of the Illuminating Engineering Society,' which
ggy be obtained from the office of the society, 29 West Thirty-ninth Street, New York .
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CODE OF LIGHTING SCHOOL BUILDINGS 3

No lighting installation can throw upon the working surface all
the light produced. The coefficient of utilization of an installation
with reference to a 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-factor of a surface is the ratio of the light flux re-
flected from the surface to the flux falling on it. Reflection may be
regular, diffuse, or a mixture of the two.

righiness as used technically means exactly what it does in
common speech; that is, the intensity per unmit of projected, or
apparent, area of the source. The brightness of a surface may be
due either to the light emitted by it or to the light reflected by it
and may be measured in various units; but in this code brightness
values are stated in candles per square inch.

A luminaére is a complete lighting unit consisting of a light-
source, together with its direct appurtenances, such as globe, reflec-
tor, refractor, housing, and support. The term is used to designate
completely equipped lighting fixtures, wall brackets, portable lamps,
or so-called removable units.

PART L—RULES

General requirements.

When in use during daylight hours, rooms in school buildings in
which pupils are required to study or do any work shall be provided
with natwral light in aecordance with the following rules.

When in use during periods when natural lighting fails, rooms in
school buildings in which pupils are re uirec% to study or do any
work shall be provided with artificial light in accordance with the
following rules.

When in use, other rooms in school buildings, also school
grounds, shall be provided with natural or artificial light in ac-

cordance with the following rules.

Rule 1. Illumination required.

The illumination—natural or artificial—maintained shall be not
less than the minimum values in Table I. Values recommended for
ordinary conditions of artificial lighting are presented in the last
column. Higher values are often desirable.

22194°—25——2
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4 CODE OF LIGHTING SCHOOL BUILDINGS

TaBLE I—Minimum values of illumination required and values recommended
for artificial lighting

Minimum | Recom-

required mended
foot- foot-

candles candles

ON THE SPACE !

Walks, drives, and other outdoor areas, if

used at night R 0.1 0.5
Playgrounds, outdoor, if used at night _______ .5 2
Playgrounds, outdoor, if used at night for
, baseball, basketball,ete_.__________________ 5 10
Storage spaces, passages, not used by pupils. . .25 2
Boiler rooms, power plants, and similar

auxiliary Spaces . - ... 1 3
Stairways, landings, corridors, aisles, exits,

elevator cars, washrooms, foﬂets, locker

spaces, dressing-rooms..___._.._.._____..____ 1 3
Recreation rooms, gymnasiums, swimming-

pools. - 3 7

ON THE WORK !

Auditoriums, assembly rooms...._.._._______
Auditoriums, assembly rooms, etec., if used
for class or study purposes. . .. _.__.__.._._.
Classrooms, study rooms (desk tops).._.__._.
Classrooms, study rooms (charts, black-
boards) _ . .
Libraries (reading tables, catalogues)._. .
Libraries (bookshelves, vertical plane) __
Laboratories (tables, apparatus)_._...._._____
Manual training rooms, workshops, ete....._
Drafting rooms, sewing. . . ... oo

UTTWLIL G N
=
=1

1 Where the space or work is not clearly evident, as for instance in an auditorium, the illumination may
be measured on a horizontal plane 30 inches above the floor. However, where the space or work is clearly
evident, such as stair steps and desk tops, the illumination shall be measured on the plane of the steps and
desk tops, respectively.

~ Rule 2. Avoidance of glare.

Lighting whether natural or artificial shall be such as to avoid
harmful glare, objectionable shadows, and extreme contrasts.

Bare light sources, such as exposed lamp filaments, gas
mantles, or bright sky areas located within the ordinary field of
vision are presumptive evidence of harmful glare. Seating shall be
so arranged that pupils are not compelled to face windows. For
specifications of definite requirements under this rule refer to
Part III.

Rule 3. Distribution of artificial light.

Lamps, reflectors, or other suitable accessories shall be of such
light-distributing character and shall be so irstalled in regard to
mounting height, location, and spacing as to avoid excessive varia-
tion in illumination upon workplaces. In a classroom at the desk
tops the ratio of the maximum intensity of artificial illumination to
the minimum intensity of artificial illumination, measured in foot-
candles, shall be less than 4.

Rule 4. Color and finish of interior.

In rooms in which close visual application is necessary, walls
shall have a reflection factor within the range from 30 to 50 per cent.
Ceilings and friezes (the latter in the case of high ceilings) shall
have a reflection factor of at least 65 per cent. Desk tops and other
woodwork shall have a reflection factor not exceeding 25 per cent.
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CODE OF LIGHTING SCHOOL BUILDINGS 5

In corridors and halls, ceilings and walls shall have a reflection
factor of at least 50 per cent. Dadoes and blackboards are obvious
exceptions. Glossy finishes shall be avoided wherever they are likely
to cause glare. The preferred colors for walls are light warm gray,
liiht buff, dark cream, and grayish green; for ceilings and friezes,
white and light cream.

The nosing of treads on all stairs used as exits should be such as
to show the edge of each step by contrast when viewed as in
descending. ‘

Rule 5. Switching and controlling apparatus.

Switching and controlling apparatus shall be installed at each

Eoint of entrance to school buildings, also in classrooms, basements
allways, and stairways, also wherever required in other parts of

buildings. Rooms having several entrances require such equipment

only at the principal entrances.

Rule 6. Exit and emergency lighting.

Artificial lighting to be provided under rule 1 in all stairways
and exits and in the passageways appurtenant thereto shall be sup-
plied preferably from an independent source or from a connection
extending back to the main service entrance for the building so that
failure of room lighting from internal causes will not affect the
exit and emergency lightin%. In case of unusual danger which may
exist on account of type of building, nature of the work, crowded
conditions, or lack of suitable exit space, an independent service
shall be insured by connecting to a separate source of supply without
or within the building.

Classrooms and auditoriums during stereopticon and motion-
picture exhibitions may be dimmed. After dark, if more than 50

ersons are gathered in rooms having an illumination less than 0.1
?oot-candle, the exits from rooms and all passages to the exits of the
building shall be indicated by adequately illuminated exit signs, so
as to clearly indicate the paths of safe exit from the building in
case of emergency.

Rule 7. Inspection and maintenance.

All parts of the natural and artificial lighting systems, including
windows, skylights, lamps, luminaires, walls and ceilings, shall be
systematically inspected and properly maintained and cleaned so as
to assure illumination levels indicated in rule 1.

Rule 8. Blackboards.

Blackboards shall be illuminated and located with respect to light
sources so as to avoid glare. The surface of blackboards shall be
made and kept as dull as possible. Blackboards shall not be located
in the same wall with windows.

PART II.-WHY THE FULFILLMENT OF THE RULES IS
IMPORTANT
General requirements.

Examinations of thousands of school children, extending over
many years, have shown that a considerable proportion suffer from
defects of vision—the result largely of continued use of the eyes in
close work under unhygienic conditions. It is well established that
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6 CODE OF LIGHTING SCHOOL BUILDINGS

defective vision is often progressive and is therefore found to a
greater extent among older children.

It is found that, in general, children with defective vision are
retarded in their progress in school work. They also enter upon
their life work seriously handicapped.

The severe requirements imposecf upon children’s eyes by modern
educational methods create need for the best of working conditions.
Among these conditions lighting is of primary importance. Im-
proper and inadequate lighting causes eyestrain, resulting in func-
tional disorders, nearsightedness, and other defects of tlgme eyes to
which the immature eyes of children are especially susceptible.

Schools require a high standard of illumination, because imma-
ture eyes are more susceptible to injury than those of adults, and
learners must necessarily apply their, eyes more continuously than
older persons who have acquired skill through repetition.

It is, therefore, essential that the lighting of school buildings, both
natural and artificial, should conform to the requirements specified
in the code.

Rule 1. Illumination required.

Definite minimum intensities of illumination on the work places
are specified for the conservation of vision. In halls, stairways,
passages to exits, etc., adequate intensities are imperative for safety.
In addition to the benefits derived from lighting of the levels speci-
fied, the desirable effects of cheerful interior surroundings are ob-
tained. These minimum intensities are the least permissible consid-
ering all the factors involved. From the standpoint of best vision
much higher intensities are advantageous.

Raule 2. Avoidance of glare.

Glare is objectionable because it tends to injure vision and to dis-
turb the nervous system; it causes discomfort and fatigue and thus
reduces the efficiency of the student; it interferes with clear vision
and increases the risk of accident. From both the humanitarian
and economic viewpoints glare should be avoided. -

Glazed paper reflects light somewhat like a mirror and intro-
duces glare due to images of li%ht sources reflected from it. The
u;e of unglazed paper and suitable type promotes the conservation
of vision.

*  Rule 3. Distribution of artificial light.

A substantially uniform intensity of illumination at work places
provides equal advantages for all students. Light reaching any
particular point at 'a work place from a number of sources, such as
1s implied in rule 3, reduces the harshness of shadows. General
lighting eliminates the probability of improper direction resulting
from the use of a very predominant light source.

Rule 4. Color and finish of interior.

Walls are within the field of vision a considerable part of the
time.- A moderate reflection ‘factor with dull surfaces assures com-
fortable brightness contrast. Inasmuch as walls are juxtaposed to
blackboards a moderate reflection factor of the walls assist in re-
ducing the brightness contrast between these surfaces,
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CODE OF LIGHTING SCHOOL BUILDINGS 7

Luminaires are more comfortable to view when seen against
light backgrounds. Ceilings and friezes having a high reflection
factor provide for this and increase the efficiency of the lighting
system.

Glossy finishes and glass surfaces reflect bright images of
windows and artificial light sources, thereby contributing to visual
discomfort.

Rule 5. Switching and controlling apparatus.

. Switching and controlling apparatus properly located is necessa
in order that artificial lighting may be properly controlled and used,
and that persons may proceed in safety from point to point in a

building.
Final Intensity
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F16. 1.—Chart showing the importance of prompt renewal of burned-out lamps and sys-

temtatic cleaning of lighting equipment. Tests on semi-indirect and indirect lighting
systems

Rule 6. Exit and emergency lighting.

Emergency lighting makes for the reduction of accidents and
hazard. Building codes should be consulted for local requirements
covering exit lights. (See reference to fire hazard in the introduc-
tion.)

Raule 7. Inspection and maintenance.

Walls and ceilings darkened by smoke and dust, dirty windows
and skylights, grimy reflectors, blackened lamps, or broken mantles,
or lamps of incorrect size or voltage, will render even a well-designed
lighting system ineffectual. The value of regular inspection and
maintenance is diagrammatically illustrated in Fig. 1. In each of
these cases the failure to observe simple maintenance requirements
resulted in an unnecessary economic loss.

The decrease in illumination due to these causes is often so

adual that it is not noticed. Inasmuch as the levels of artificial
illumination now in use are so low any considerable decrease in
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8 CODE OF LIGHTING SCHOOL BUILDINGS

illumination is almost certain to interfere more or less with vigion.
The illumination intensities in Table I are values to be maintained.

Rule 8. Blackboards.

Unless properly illuminated and located with respect to light
sources, bliac boards in combination with the other conditions are a
source of eyestrain. Pupils are often required to look at blackboards
for long periods of time; hence it is important that the best condi-
tions be provided. Blackboards with dull surfaces reduce the annoy-
ance of reflected images and facilitate reading the markings thereon.

In order to avoid excessive brightness contrast, which is trying
to the eyes, blackboards should not be placed on a white or highly
reflecting wall. .

The location of blackboards between windows introduces a bad
visual condition due to contrast with adjacent bright areas.

PART III.—HOW TO COMPLY WITH THE RULES

The following sections discuss in detail the ways and means of
providing adequate and proper lighting as required by the rules
of this code.

Rules 1, 2, 3, and 4. Natural light.

One of the established rules for proper lighting of desks from
windows in walls is to have the dominant light come from the left
side. Most authorities on daylighting advocate unilateral lighting;
that is lighting by windows located on one side of the room only,
especially for classrooms (see Fig. 83). This method of lighting 1s
recommended where the width of the room does not exceed twice the
height of the top of the window from the floor. A

Rooms of unusual width, such as auditoriums, may have win-
dows on the right and left sides. However, where cross shadows are
objectionable, windows at the left and rear are preferable.

An eastern exposure is generally considered to be the most de-
sirable for classrooms and a northern exposure the least desirable.

Lighting by overhead sources of natural illumination, although
sometimes used for assembly rooms, auditoriums, and libraries with
relatively high ceilings, has but little application in classrooms.
When overhead sources of natural illumination are used the light
should come from a north skylight or saw-tooth construction oriented
to exclude direct sunlight.

To secure the highest lighting values in a side-lighted room it
is recommended that the room be so designed that no work space
is more distant from the window than twice the height of the top
of the window from the floor.

The sky as seen through a window or skylight is a source of glare.
For this reason the seating arrangements should always be such
that pupils do not face windows or skylights.

Windows—Tests of daylight in well-lighted school buildings in-
dicate that in general the window-glass area should not be less than
20 per cent of the floor area. As the upper part of the window is
more effective in lighting the interior than the lower part, it is
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CODE OF LIGHTING SCHOOL BUILDINGS 9
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Fi6. 2.—Diagrammatic illustration of glare from blackboards: (a) Showing that occu-
pants of seats in shaded area are subjected to daylight glare from blackboards. (b)
Showing angles at which glare is experienced from daylight and from artificial light.
(c) Arrangement of local artificial lighting to minimize glare
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10 CODE OF LIGHTING SCHOOL BUILDINGS

recommended that the top of the glass be at no greater distance
than six inches below the ceiling. The sills of side windows should
be not less than 3 feet or more than 4 feet above the floor. No
direct light should reach the eyes of seated pupils from below the
horizontal.

Lighting value of a window.—The lighting value of a window
at any given location in the room, will depend primarily upon the
brightness of the sky, the amount of sky visible through the window
at the given location in the room, and secondarily upon the re-
flection factor of the surroundings and the dimensions of the room.
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BLACK BOARD

LY NDICATES CEILING -OUTLET FOR ARTIFICIAL LIGHTING.

F16. 8.—Elevation and plan of a classroom illustrating the position of outlets and lumi-
naires of a direct lighting system; also showing a good arrangement of windows for
natural lighting. In recent practice the width of room varies from 22 feet to 25 feet,
the length from 28 feet to 32 feet, and the height from 12 feet to 14 feet. If the
architectural design permits, it is preferable to increase the glass area by extending the
windows as near to the rear wall of the room as possible

Observations in well-lighted schoolrooms having a compara-
tively unobstructed horizon show that under normal conditions of
daylight satisfactory illumination is usually obtained when the
visible sky sabtends a minimum vertical angle of 5° at any work-
place of the room. It is recommended that a sky exposure for any
pupil’s desk in the room be at least 50 square degrees, preferably
about 5 degrees vertically and 10 degrees horizontally.  This
should be borne in mind when selecting sites for new buildings in-
asmuch as the proximity of adjacent buildings may seriously inter-
fere with the natural lighting. .

Digitized for FRASER
https://fraser.stlouisfed.org
Federal Reserve Bank of St. Louis



CODE OF LIGHTING SCHOOL BUILDINGS 11

Window shades—Although direct sunlight is desirable in inte-
riors from a hygienic standpoint, it is often necessary to exclude or
diffuse it by means of window shades. Shades should perform
several functions such as the diffusion of direct sunlight; the con-
trol of illumination to secure reasonable uniformity; the elimina-
tion of glare from the visible sky or from bright areas outdoo:
such as light courts, or adjoining buildings; and the elimination o
glare from blackboards.

These requirements can be met by a number of arrangements,
several of which have been found satisfactory and easy to maintain.
For instance, windows can be equipped with two shades operated on
two rollers. These can be arrangedp with both rollers at the middle
of the window, one operating upwards and the other down-
wards, or with one roller at the middle and one at the bottom, both
operating upwards. Shades so placed may be operated independ-
ently, thereby facilitating the shading and diffusion of the light.

Instead of two shades a single shade can be used with a device
that permits the roller to be placed at any position on the window.
Such a shade can be so placed that the light will come in from the
top of the window and will be shut out from the lower portion, or
will come in from the top and the bottom and will be shut out from
the middle portion. Another way of controlling the light is to use
a translucent shade, which unrolls from the top down, and an
opaque shade which unrolls from the bottom upward. Since
it is the top portions of the windows which supply the illumina-
tion to the spaces in the room farthest from them, it is bad practice
to cut out light by pulling down the shade from the top more than
is absolutely necessary. Pulling down a shade from the top also
interferes with ventilation when windows are lowered from the top.

The material of the shades should be sufficiently translucent to
transmit a considerable percentage of the light and at the same
time diffuse it. Their color should be such as to harmonize with the
interior decorations of the room. A translucent shade transmits a
considerable amount of light, hence care should be taken that this
transmitted light not only harmonizes with the color of the room
but meets visual requirements. A light tan or a light buff material
will, in general, be satisfactory. With such shades it is possible to
exclude all direct sunlight and at the same time to permit a consid-
erable amount of light to reach the ceiling, which light in turn is
diffused throughout the room.

Shades should be wide enough to cover the window and to ex-
tend over each side of the window frame so as to prevent direct
light from passing its edges.

Light courts—Reflection of light from the walls of courts or
other exterior walls is often very helpful in increasing interior
illumination. Hence the nearb{ walls which are visible through
the windows should, as a rule, have high reflection factors. Care,
however, should be taken to avoid glare.

Raules 1, 2, 3, and 4. Artificial light.
In the consideration of how rules 1, 2, 8, and 4 can be complied

with in artificial lighting, the subjects of illumination intensities,
avoidance of glare, distribution of light on the work, and color and
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12 CODE OF LIGHTING SCHOOL BUILDINGS

finish of the interior are so closely related and interdependent that
it is thought advisable to discuss the four subjects together. This
will be done first by describing the different forms of lighting
systems and the characteristics of each ; second, by giving the details
of the design of a typical schoolroom lighting installation, choosing
for sake of brevity one popular and recognized method of lighting;
and third, by indicating the salient points which should be stressed
in the selection of the luminaire. The capacity of the wiring in-
stalled should be ample to provide for the illumination recommended
in the last column of Table I, even though cost considerations may
make it seem desirable to employ a lower level. The additional

Fi¢. 4—Open-bottom direct-lighting Fi16. 5—Inclosed prismatic direct-
luminaire. lighting luminaire,

cost of such wiring is slight compared with the cost of reconstruc-
tion.

Lighting systems—In general there are three distinct systems of
artificial hghting, namely ; direct, semi-indirect, and indirect. These
names are descriptive and designate broad classes of lighting, the
boundary lines of which are indefinite.

The derect-lighting systems deliver at least half of the light below
the horizontal so that the dominant light on the work places is
received directly from the luminaires. Such systems may be di-
vided into two groups; the direct-lighting system employing open-
bottom luminaires and the direct-lighting system using inclosed
and semi-inclosed luminaires.

An open-bottom luminaire direct-lighting system is one in which
the dominant light reaches the work places directly from the
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CODE OF LIGHTING SCHOOL BUILDINGS 13

luminaires which are open at the bottom and in which the light
source may be seen from below. Such a lighting system may be
further classified as local or general. In the former the luminaires
are placed close to the work and illuminate a very limited area;
in the latter they are installed overhead in such a way as to
illuminate the whole room area as well as the limited area upon
which the work is done. An inclosed luminaire is one in which the
light source is completely surrounded by the globe and holder.
Some luminaires (sometimes termed semi-inclosing) having open or
clear glass spaces in conjunction with diffusing glass, opaque re-
flecting surfaces, etc., may be considered from the standpoint of
lighting to belong to the direct-lighting class.

A semi-indirect system is one in which an appreciable portion of
the light reaches the work place directly from the luminaire, but in
which more than half of the light is directed to the ceiling and upper

Ve Crenr GLASS

-
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GLASS

Fi1e. 6.—Semi-indirect luminaire ‘Fi1g. 7.—Inclosed diffusing-glass direct-
(inclosed) lighting luminaire whose shape is a com-
posite of several commercial shapes

walls and thence reflected to illuminate the work places. A semsi-
indirect luminaire usually consists of a lamp equipped with a diffus-
ing bowl or inverted glass reflector, as illustrated in Figs. 6 and
8. The relation between the relative amounts of light above and
below the horizontal through the light center of such a unit depends
largely upon the character of the transmission of the bowl. en
the glass bowl or inverted reflector of the semi-indirect luminaire
has a high transmission, the illumination approaches that of direct
lighting, and when of low transmission the effect approaches that
of indirect Lighting. '

A totally indirect-lighting system is one in which all of the light
reaches the work indirectly after reflection from the ceilings and
walls. The luminaire usually consists of a light source equipped
with an opaque bowl or inverted reflector, as i%lustrated in Fig. 9.

Direct-lighting systems. The open-bottom luminaire is subject
to criticism even th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>