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VIA FEDERAL EXPRESS

g'r‘f.'ﬁ‘,‘w’r”]
Catherine Garypie, Esq. AU
Assistant Regional Counsel i

U.S. Environmental Protection Agency Juy 27 1488
Office of Regional Counsel, Region II

290 Broadway, 17th Floor

New York, NY 10007-1866
Re: Hoboken, NJ, Mercury Site ~
Dear Catherine:

Following up on our telephone conversation this
morning, enclosed is a copy of the loose leaf "Treatise on
Industrial Illumination with Mercury Vapor Lamps," which Mr.
Warren Millar recently loaned to me from his personal files. 1In
the lower right hand corner of the outside cover is embossed
“"General Electric Vapor Lamp Company" and inside the cover is an
address label identifying the manual as "PROPERTY OF WARREN G.
MILLAR, YEAR 1940." The manual obviously is at least 56 years
old, and portions of it may not have copied very well. I will
bring it to Mr. Millar's deposition in Cincinnati next Monday so
you may review it before we return it to Mr. Millar. He also
sent along a small hardcover book called Modern Glass Working and
Laboratory Technigue, M.C. Nokes (1937), which also came from his

personal library. I have not reviewed this book, and only
enclose a copy of page 123, which purports to include a schematic
diagram of "an early design of diffusion pump by I. Langmuir.®”
This design presumably is similar to at least some of the vacuum
pumps used in the Hoboken lampmaking operations.

Thanks again for pulling together your files for
production to us under our FOIA request. Please let me know when
we can send someone by your office to review them. I know there
are Section 104 (e) responses from other PRPs and deposition
transcripts, among other things, which we do not have and which
we will want to arrange to have copied.
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Margaret N. Strand, Esq.
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Page 2

I look forward to seeing you Monday morning in
Cincinnati. Jane Gardner may also attend, if her travel schedule
permits, but that is still up in the air. I will be there for
certain to represent GE in any event.

Sincere ,7

~ &l,\/ /

LangYey K. Shook

Enclosure

0008148.01 June 27, 1996 (11:00am)
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{ODERN GLASS WORKING

»our stream and are carried along with it.
mixed with the gasis then condensed, but the
ream of vapour presents an impenetrable
e gas, preventing its diffusion back into the
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F16. 69. Diagram illustrating
the mode of working of a
diffusion pump.

apour issuing at the jet will itself tend to
into C to some extent. This backward
ninished by increasing the speed of the
1 above a certain critical value, by efficient
neighbourhood of the jet, and by choosing
stance which has a low vapour pressure at

1

DIFFUSION PUMPS 123
the temperature of the condensing jacket. Itis prqbable =
also that the design of the jet may affect the pumping. o

The lower end of the tube B is connected to a fore-
pump which removes the accumulated gas from C.
Diffusion pumps of somewhat complicated design can
be made to work with a fore-pump pressure of 20 mm.
of mercury, but a simple design can be.employed for
pumps which will give the highest vacua, if a fore-pump
pressure of 0.1 mm. can be obtained.

JET DESIGN. -
Convergent, parallel and divergent jets have all been

tried, and can all be made to work, but the speed of the

vapour stream seems to be more important than the

—

To for® -pomP

S

F16. 70. An early design of diffusion pump by I. Langmuir.
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This material is written for manufacturers, salesmen, prac-
tical plant engineers, and busy executives. It is & treatise on a
most pertinent subject explaining, illustrating, tabulating and
sketching in as simple a way as possible the fundamental and
practical application of industrial illumination.

The COOPER HEWITT slogan "better than daylight' will
ring forever in the annals of industrial lighting and will continue
to ring with widespread resonance as long as we depend upon
light for sight.

Quality of mercury vapor light is not dependent upon
human endeavor for perfectness—it is an inherent characteristic
provided by nature and applied for the general benefit of
humanity.

Aggressiveness and progressiveness are keywords for
business success and go hand in hand with honesty and integrity.
Only those who abide by these fundametal principles will endure
the severity of present day competition. In this respect the
General Elactric Vapor Lamp Company have an enivable
reputation.
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A MESSAGE FROM THE GENERAL SALES MANAGER

As one acquires wisdom, a fuller apgreciation of the
element of time tecomes apparent. Time must elapse, not only
for the purpose of education and the moulding of opinion, but
for the human mind to develop a conception and acceptance of
anything that will take one out of the deep groove of an old
estabtlished habit -~ a difficult barrier to surmount.

The General Electric Vapor Lamp Company, formerly the
Cooper Hewitt Electric Company, has for 30 years been preaching
the gospel!l of humanitarian lighting.

It is only necessary to review the history of important
inventions to understand the time required to enlighten and
change opinion. The passage of thirty to forty years from
invention to acceptance of a useful appliance is common.

The COOPER HEWITT lamp was invented in 1902, It has teen
actively promoted by our organization for 30 years and during
that long period, the effort to perfect the lamp through
technical research has continued unabated, with the result
that the changes wrought in the lamp | knew a quarter of a
century ago, are truly marvelous and a great tritute to the
powers of intelligent research.

The fine quality of light generated from mercury vapor is
just teginning to be appreciated after three decades and |
predict it will come into general use, yes even in the educa-
tional institutions of the young people, tecause it is a great
factor in saving the eyes. Conserving the eyes of our future
generation is a task of which we may be justly proud and
COOPER HEWITT mercury vapor light is a boon to mankind,

Ehns 9%47

June 24th, 1935,
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Previous to the twentieth century there was but one kind
of light in use for the regular purpose of illumination. Sunlight
was the standard, and all artificial sources produced light of the
same type, tut varying somewhat in general effect. All the highly
complex |light was characterized by a continuous spectrum, the
differences consisting of the comparatively slight variation in
the relative amounts of the different colors contained. All
artificial light was produced from glowing (incandescent) solids
and contained all the colors of the sunlight, but with orange and
yeltow rays in larger proportion to the other primary colors.

EARLY LIGHT SOURCES
Artificial means of producing light may be said to date back
as far as 5000 B.C. At this early stage no doubt the chief form

of lighting was by means of the Torch. Other popular forms of
flame sources are given below:

I. Stone Lamp . . . . . . . . 3000 B.C.
2. Metal Ltamp . . . . . . . . 400 A.D.
3. OilLtamp . . . .. .. . . 1600
4, Candle . . . .. . .. . . 1800
5. Camphene Lamp. . . . . . . i850
6. Kerosene Lamp. . . . . . . 1870
7. Gas Flame, . . . . . . . . 1880

8., Gas Mantle . . . . . . . . 1305

It must be realized that each type of light producing apparatus
possessed some definite advantage over its predecessor. The most
noted change in wick flame lighting units was brought about by the
kerosene lamp and the gas mantle was the first real unit developed
for artificial lighting with an open flame.
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In 1879 the most promising of all types of lamps was intro-
duced by Thomas A. Edison -- the flectric Lamp. The filament of
this lamp was given considerable study with the following results:

I. Carbonized Bamboo (I873) . . . . 1.4 lumens per watt
2. Metalizea Carbon (1905) . . . . 4.0 ' ' '
3. Drawn Tungsten (I1911). . . . . .10 ' ' '

4, Gas Filled (1913). . . . . .. .20 ‘ ' '

In addition to the types of lamps mentioned above the following
comprises a list of light producing units commonly used:

. Carton Arc

a. Open
b. Enclosed
¢c. Flame

2. Magnetite Arc
3. Nernst Lamp
4, Neon Tute

5. Mercury Vapor Lamp

The COOPER HEWITT mercury vapor lamp is the only survivor and
successfully applied industrial unit of the above group of lamps.

OUTSTANDING AMERICAN PATENTS

Worid's Work, issue of January, 19832, contains an interesting
article entitled 'Patent Injustice.*® |t discusses the intricacy and
delay in the operation of the U.S. Patent System and tells how it
has passed a hundred million dollar buck to American industry.
*Mercury Vapor Light' is included among the fifty-five outstanding
inventions, patented between the years 1791 and 1330. The list
is as follows: .
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INVENT [ON

Steamboat

Cotton Gin

Duplicating Lathe
Reaper

Revolver

Telegraph

Vulcanized Rubter
Sewing Machine

Vaive Gear

Show Sewing Machine
Machine Gun

Typewriter

Air Brake

Celluloid

Shoe Welt Machine
Automatic Train Coupler
Barbed Wire

Telephone

Phonograph

Reenforced Concrete
Arc Light

Carbon Filament

Cash Register

Expanded Metal

Trolley Car

Electric Welding
Split-Phase Induction Motor
Recording Adding Machine
Atuminum Reduction
Linotype

Sulphur Mining Wells
Transmitter
Case-hardened Steel
Dial Telephone
Kinetoscope
Cartorundum

Monotype

Autoplate

High-speed Steel
Safety Razor
Bottle-making Machine
Radio Yiave Production
Radio Crystal Detector
Airplane

Radio Grid

Electric Precipitation
Bakelite

MERCURY VAPOR LIGHT
Pressure Oil Cracking
Radio Regenerative Circuit
Gyro Compass

Ethyl Gasoline

A.C. Electric Timing
Teletypesetter

Quick Freezing

INYENTOR

Fitch

Whitney
Blanchard
McCormick
Colt

Morse
Goodyear

Howe

Corliss

McKay

Gatling
Sholes & Glidden
Westinghouse
Hyatt
Goodyear
Janney
Glidden

Bel |

Edison

Beams & Hyatt
Brush

Edison

Ritty & Birch
Golding

Van Depeele & Sprague
Thomson

Tesla
Burroughs
Hall
Mergenthaler
Frasch
Berliner
Harvey
Strowger
Edison
Acheson
Lanston

Wood

Taylor & White
Gillette
QOwens
Fessenden
Dunwoodé
Wright Bros.
Deforest
Cottrell
Baekeland
HEWITT
Burton
Armstrong
Sperry
Midgeley
Warren
Kleinschmidt & Morey
Rirdseye

18TRQJLUCTIQ0

YEAR ISSUED

173 |
1734
(520
1R34
1835
843
1544
1845
1843
1262
1862
1868
1863
1870
1871
1873
1874
1876
1878
1873
1879
1880
I8€3
1884
1884*
1886
I8€8
188e
1829
1830
1830*
1891
18ei*
1892
1893
1886
1836
1898*
180 |
1804
1504
1904
1906
1906
1907
1907*
1333
1912
1912*
1914
1918
IG21*
1916*

1925*
1930

* Year Invented
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TWO CLASSES OF LIGHTING

There are actually two classes of lighting that we use in our
everyday life:

I. Social lighting
2. Industrial lighting
Industrial lighting includes all cases in which light is used

in order to carry on manual labor. Social lighting includes such
cases as home, decorative and general interior lighting,

With social light it is desirable to suppress or soften details,
such as facial wrinkles, blemishes and defects of complexion, while
with industrial light exactly the opposite is desirable; all details

must be revealed as sharply and clearly as possible.

The preponderance of red, orange and yellow colors of incande-
scent light subdues just those points that are desired to be sut-
dued in our occupation of leisure and social intercourse, while
affording ample visual clarity for all requirements under the
circumstances. On the other hand, the light of mercury vapor has
a revealing power that surpasses even sunlight at its best. Fine
details can be discerned only with difficulty, or not at all, under
continuous spectra light, but are readily distinguished under the
simple spectra light of mercury vapor. The increase in visual
acuity produced by COOPER HEWITT mercury vapor light is equivalent
to a very perceptible magnification.

LIGHTING SPECIALISTS

The general policy of selling illumination in industrial areas
ty calculating a given number of foot-candles which appear on
published tables, has never been practiced by the COOPER HEWITT
organization., Careful study and planning have characterized the
installation and application of mercury light in every plant.
Representatives very often take the place of operators to te
certain that light is reaching the point where seeing is actually

taking place.
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Unfortunately, all manufacturing operations are not alike
and consequently, lighting cannot possibly te the same. Even
the same operation in different plants requires special atten-
tion. Reflection factors of machines, walls and materials all
have a bearing on lighting. Theoretical calculations of inten-
sity cannot be relied upon; only long experience by competent
lighting specialists can solve illumination protlems correctly.

New problems of lighting are constantly coming to the front.
There are times when mercury vapor lighting is not suited to the
job; without hesitation, such conditions are explained and the
proper class of lighting recommended. Sometimes incandescent
lighting or some special form of incandescent lighting is recom-
mended; other times a combination of mercury vapor and incandes-
cent lighting is recommended.

Other problems usually overlooked by illuminating engineers,
but carefulily considered by the entire COOPER HEWITT organization
are labor turnover, scrap, seconds, rejects and other factors
upon which lighting may have a bearing.

For more than 30 years we have been
successfully serving industry in

the interest of Better Lighting.

Our position in the trade is unique,

in that we are selling illumination
tailored to produce results to the
purchaser., We are not just lamp
salesmen or illuminating engineers,

tut more notably - Lighting Specialists.

In any branch of science there is usually one type of equip-
ment best suited for its needs, and so in the important branch of
industrial iltumination, it is believed that the particular equip-
ment most satisfactory is the COOPER HEWITTT mercury vapor lamp.
There may be a few exceptions where mercury vapor light is un-
desirable, but these exceptions are so rare that they may be dis-
regarded when considering industrial illumination in general.
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MAINTAINING A HIGH STANDARD OF ILLUMINATION

The Teneral Electric Vagor Lamp Company is proud of its
reputation in the field of industrial illumination. More than
3000 prominent manufacturing plant executives verify the state-
ment that one can sec better by mercury vapor light. This large
clientele of COOPER HEWITT users continue to use this light after
years of experience and when new additions are added existing lamp
installations are enlarged.

The ¢haracter of clients served by COOPER HEWITT light in
every branch of industry is one that might well be the envy of any
organization of high standing.

COOPER HEWITT light is used ty more than
60 different industries.

The Ford Motor Company is among the oldest
and longest users of COOPER HEWITT light.
Several of their plants in foreign countries
also use the light.

The Government Bureau of Printing have used
COOPER HEWITT lighting for more than 26 years.

The Stehli Silks Corporation, the premier
maker of fine silks, a client for almost 30

years.

The great U.S. Aluminum Company, ever watchful
of the quality of their aluminum products, use
well over 1000 lamps in one plant alone.

The American Sheet & Tin Plate Company, makers
of the finest tin plate, must pass the final
critical tests under COOPER HEWITT light.

The Viscose Company, the oldest, largest and
most famous makers of Rayon, process and inspect
their goods under COOPER HEWITT [ight before it
reaches the market.
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The Real Silk Hosiery Mills, famous in the realm of
silk hosiery are large users and btoosters of COCPER
HEWITT light.

The Sanford Mills, with their nation-wide reputation
for 'Velmo' products, spend doutle the sum of any
competitor to light a loom. They depend upon COOPER
HEWITT 1light to maintain high quality merchandise.

The Erwin Cotton Mills, market their blue denims all
over the worid. COOPER HEWITTS have lighted their
looms for a quarter century.

The New Departure Mfg. Co., greatest producer of ball
bearings in the world, select COOPER HEWITT light in
departments requiring a high degree of accuracy.

Mr. C. E. Johannson, creator of gages for making most
accurate measurements, long ago adopted COOPER HEWITTS
to the exclusion of daylight for the delicate, pains-
taking work in his latoratory.

The Hood Rutber Company, of nation-wide repute for
rutber footwear, place dependence on COOPER HEWITT
light to help maintain their fine reputation.

The iInternational Harvester Company, with their market
for agricultural machinery in practically every country
on the globe, use acres® of COOPER HEWITT lamps.

The Continental Can Company, in the foremost ranks of
can manufacturers, have COOPER HEWITT lighted plants
spread over the country.

The Pittsburgh Plate Glass Co., with their undisputed
position in the production of plate glass, make their
final tests for quality under COOPER HEWITT light.

The great Tennessee Eastman Corp., makers of the finest
acetate yarn in the world, inspect their fine product
under the better light of COOPER HEWITTS.
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The huran eye is indeed a very complicated mec z2nism. In
general it consists of three distinct elements:
I. Optical apparatus or eyetall.

2. Projection apparatus, which
consists of a special arrangement
of nerves in certain parts of the
brain.

3. Cable of nerve fitres, which connect
the eyeball and brain nerves.

THE PHOTOGRAPHIC FILM OF THE EYE-CAMERA

A very trief description, covering only the most essential

elements of seeing will te here attempted. The eye is similar
to the camera in the action of taking pictures.
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The photographic film of the eye is called the retina. It is
a transparent tissue, corresponding to the gelatine of photographic
emulsion, through which is distributed a great number of
microscopically small nerve cells containing chemical substances
that are acted upon by light. The nerve cells are of two different
kinds and are named according to their general shape.

I. Cones - - these are distributed
most thickly over the central
part of the retina, occupying a
small area in this region
exclusively,

2. Rods - - these are distributed
sparsely at the center, increase
in numbers towards the periphera
and occupy the outer part of the
retina exclusively.

The retina thus comprises two different photographic films,

I. Cone-film - - adapted to taking
pictures where sharpness of detail
and full representation of all colors
is required;as in color photography
the cone-film is relatively slow,
requiring a fairly high intensity of
illumination to produce a visible
picture,.

2. Rod-film - - is extremely rapid, but
incapable of producing sharp definition,
or of showing colors. It supplies
the visual picture when the fight
is dim,
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THE FOVEA

Just off the optical axis is a slight depression in the
retina where exist only cones tightly packed together and are
smaller than the cones in the surrounding area. This so-called
depression is known as the fovea.

Covering the fovea and a littie surface around it is a thin,
transparent, yellow tissue. This yellow color screen partially
filters out the blue rays, and so reduces the chromatic '
aberration of the eye-lens on this part of the image.

The fovea is especlally adapted to prodocing pictures in
which the utmost sharpness of definition and discrimination of
small objects is required. All of the field within our visual
range which we see distinctly at any one instant is the part of
the image which falls upon this little dent in the retina, which
could be covered with the head of a pin!

THE EYE AS A MOTION PICTURE CAMERA

How is it that we seem to see a large picture clearly
defined? The explanation is, that we really see a motion picture
instead of a set photograph. The moving picture depends upon a
physiological effect known as persistence of vision. The
impression produced by light falling upon the retina does not
cease when the image is removed, but gradually fades out. Thus,
if different images fall upon the retina in rapid succession,
the new image is seen before the last one has faded out, and a
continuous impression is produced.

The eyeball is in constant motion through very small angles,
changing slightly the direction of the line of vision about ten
times a second. The result is on the same principle as the
motion picture, but reversed; instead of seeing objects moving,
we see objects in different positions blended into a single

picture.
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The comparatively large picture which we see plainly is
produced by seeing it in very small parts in such rapid
succession that we are unconscious of the process. The eye
motion picture camera takes about 10 pictures a second. The
eye thus remains fixed on one point about 1/10th of a second,
which measures the time of exposure for that particular
picture.

In dark or very dim light the rod-film becomes extremely
sensitive and does the picture taking; the cone-film is
insensitive. In very bright light, the cone-film does the
work and the rod-film is insensitive. In average |ight both
films act together.

The change in film sensitivity known as adaptation, takes
place very slowly from light to darkness, as much as two or
three hours being required to produce maximum sensitivity in the
rod-film. The reverse process takes place much more quickly,
from five to fifteen minutes being sufficient,

THE HUMAN TELEVISION APPARATUS

Seeing is an act of the mind; it is the conciousness of our
environment produced through the agency of light.

The action of light upon the rod or cone produces a nerve-
current, which passes through the trunk nerve-iine to the cell
in the brain, where it is transformed into the mental sensation
of light. This sensation corresponds in intensity or brightness,
and quality or color, to the intensity and cotor of the light
falling upon the rod or cone. There is thus produced upon the
visual screen a pattern of mental sensations exactly corresponding
to the pattern of brightness and color which constitutes the
light-image on the retina, The total sensation produced by this

is called seeing.
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There are atout 5 million rods and 12) million cones on
the retina, and a somewhat less numbter of nerve-lines in the
cptic tract; so that the picture actually seen is made up of
some hundred millions of points of varying intensities and
colors formed by the nerve-cells in the brain.

When fight falls upon the retina, it thereupon ceases to
be light in the physical sense of ether waves, or radiant energy.
It is first transformed into heat and electro-chemical energy,
then into nerve-currents, and finatly into mental sensations.
Of the ultimate nature of the last two forms of energy, we have
no positive knowledge. The actual process of seeing is directly
concerned only with the last transformation, in which physical
light has no existence.

The fact to be emphasized is that the process of seeing begins
where the [ight ceases to exist; namely, at the retina.

DEFECTS OF THE EYE LENS

Since all eyes are not normal the same condition of seeing
does not exist., Various forms of eye defects are known - - the
most common perhaps is that known as chromatic aberration., A
simple demonstration of chromatic aberration may be accomplished
by holding a card before the eye so as to obstruct half the

aperature of the pupil. When this is done the eye will be
thrown slightly out of focus and the obtjects which formerly had
sharp clear outlines will now appear to have colored borders and

look blurred.

Chromatic aberration is caused by the refractive media of
the eye breaking the white light from the object into its
component colors. Depending on the difference in refrangibility
of the colored light, the refractive system of the eye focuses
the colored images of an object at different positions in the
eye. The violet image is formed closest to the lens while the
red is farthest away. This may be effectively demonstrated
by diagrams.
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By passing white iight through

a prism it iy glviced into color

bands enich is expliained by the

theory of refraction,

-
i
|
N /3&
o
N White A b a2 The conves leng is simiiar to the
. eye iens and 83ain there s »
¥ 2 -
X = e—Y .
< = & separstion of white light Inte
P Wome A7 d colors.

COMMON EYE DEFECTS

A few of the more common eye defects are capable of being
illustrated by diagrams.

The EMMETROPIC (normal) eye focuses the yellow |ight

J— N sharply on the retina., The green focus fslle in

front of the retine and the red focus behingd

the retina.

n_
- ——
o —

The MYQPIC eye (nesrsightedness !
is an eotongstion of the eyedbali.
The retina is close to the focus

— of the red, while the yeliow ang

groen focl fall in front of the

retine. This condition may

be corrected with a minus lens

8s shown at right.
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The ~YPEROPIC dye [frrsijhtedness]

#ith the shortensd eyedsil cavses '
~ - > ‘\
N the reting 1o fcocus sidse to the oy b ——
R S A — T
,l& —+—~—+— —_ - — |
\ U IO . Qreen arg the red snd yelioe fail \“‘J’/u“ .,!'
jlee
\_/ benhind the retina, <Correction s /
. ;
RrG accompiished «lith a plus lens, R~ G

Astigmatism is quite a common eye defect. The most
common form is due to unequal curvature of the cornea.
In this case the rays of iight will nct focus at a definite

point on the retina.
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Light and Lighting

In géneral light is thought of as a certain degree of
Erightness. While this is true in one sense of the word there
are other factors of extreme importance that must be considered.

Fecause of thisylighting as applied to industrial illumination
requires very careful study. Existing conditions of every
department of a mill or factory, as related to color of machines,

materials and general surroundings, have a direct bearing on
lighting.

FACTORS OF SEEING RELATED TO LIGHTING

When referring to an object in terms of seeing that object,
four variables are considered:

. Size
2. Contrast
2. Brightness

Exposure time

E -

SI1ZE

When comparing one lighting system with another by using the
same test object the size naturally remains the same. However,
Dr. Louis Bel!l reports the following in a carefully conducted
set of experiments:

"There was & wmarked sense of sharper definition
on the slide of the mercury tube and severs! of
the observers covid only de persvaded by
careful inspection that the type oA this side
was not sctually larger than that on the other,
There wos also a perceptivie sdded strain on the
accommodation on the stde of the tungsten laap In
saking these judgments of acuity, the comparstively

siight difference in focus balng st once odvious.”
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CONTRAST

The ratio of the brightness - difference tetween otjec:

and background is known as contrast,

A contrast of

100% is

attained when a perfectiy black object has a perfectly white

background.

COOPER HEWITT light increases light-and-shade contrast
by 50% compared with ordinary light and has the same effect
upon objects in shadow as increasing the general surface
brightness by 50%. Dr. Luckiesh explains contrast due to

intensity of light as follows:

°1f one deslres 20 foot-—candles for resding dlack print on white
paper, he shouléd demand at lesst 200 foot-candles If the paper
were dyed a dark gray which reflects adout one-tsnth a3 much
11ght as the white paper. This demand Is based solely upon the
need for ten times more |light to make the gray paper as bright

as the white one. When the paper I3 dyed it is seen that the

contrest between print and dackground has been greatly diminished,

The effect of this lowered contrast can aiso de counteracted by
more llght, A3 & consequence, much more than 200 foot-candles i
necessary for the same ease of seeling as In the case of

20 foot-candies on the white paper.®

The above statement holds true for continuous spectra light

only. COOPER HEWITT light tends to promote maximum contrast at
all intensities. An example is illustrated below:
e
COOPER HEWITIT light gives cwe L T ... =T -
printed matter the appear- - 4 A sut T R
ance of steel plate engrave L 5,4',",_ AT
ing, standing out with such [PPf,0ss thru thdqQ - . =27 - . -3-,7 0
vividness as to make objects| High Costs of im-~ o LT -
appear MAGNIFIED. e e Tl
Ob '.'N :.-:" - :w—"“ ’
8 1.oss — because Com-Jli =+~ " "_ .- PO
M petitors have modern-} s

% ized manufacturing
A\ methods. . . . 4
- Obsolescence A"
lescent waste

\: 4‘
\\\\\fd resu

Crdinery light makes
printed matter appear
flet with a dull gray
background or poor
cortrast

,,,,,
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Common type printing stands out with all the distinctness
and sharpness of steel plate engraving; one almost unconciously
runs a finger over the surface to feel! for the relief or
emtossed effect which is characteristic of plate pgrinting.

The ratio of the energy of visitle radiation to the energy
of the total radiation expresses a true efficiency. This ratio
is comparable to the ratio of availatlie current to wattless
current produced by A.C. generators called power factor and by
analogy might be called visual power factor of radiation.
Bearing this in mind, Elliott states:

*The visual powar factor of certain species of
fire-flles Is 10083 of tha Incandescent loemp,

%%; and of the mgrcury tube, 0%.°

From these figures it is apparent that 10 times as much
radiant energy falls upon the exposed surface of the eyeball,
at a given photometric intensity, with incandescent light as
with mercury light. COOPER HEWITT {ight has the same effect
on a dark gray background as incandescent light has on a white
background. In iadustrial production areas this is a very
important factor since contrast is usually very low and so is
the reflection-factor of the background.

BRIGHTNESS

All visua! phenomena may be traced to variations in a single
mental sensation, which is familiarly known as seeing light.
This sensation varies in two ways:

I. By change in vividness,
or intensity
(brightness)

2. By change in nature,
' or quality
(color)

706995
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Brightness must be dividea into two classifications:

e’
l. Visual brightness
2. Physical brightness
The first refers to the intensity of the mental sensaticn
of light or the effect as distinguished from the second which
is the cause. Visual brightness does not vary with physical
brightness according to any simple mathematical law., It is
different for light of different wave-lengths, and for light of
different mixtures of wave-lengths.
E.L. Elliott compares the respective ratios of visuyal to
physical brightness of different light sources:
®The groenish-yellow dand may de teken us light of 100% efficluncy,
since It 13 known that 1ight of this wave length produces theo
saslmum vigual brightness for s glven physical drightness, at the
common intensitios of Iliumination, On this basls, mercury light
Is sround 60% officlent) Incandescant 1ight, uround 15% efficlient,
and standard white light about %5% efficlent. These flgures ere ~
only rough epprosimations representing average conditions) dut the
differances are sufficlontly Jarge to give thes signiflicance.*®
The visual efficiencies of the various light sources may be
set down as follows:
COOPER HEWITT. . . . . . 60%
Daylight . . . . . . . . 45%
Iincandescent . . . . . . 5%
EXPOSURE TIME
The eye must focus a certain length of time upon an object
before a definite image is apparent. Three very important things

7064996



3

LISKRT a8D LignTiag

rave a direct bearing upon the sharpness with which the eye
perceives such an image in a given length of time:

task the easier it is for the eyes to perform their duty.

2.

3.

Cuantity of light.

Quality of light.

Retinal sensitivity.

QUANTITY OF LIGHT

Ordinarily the more light that is available for a given

Cuality is, of course, very important in this connection, but
for the purpose of this discussion let it be neglected.

RELATIVE TIME

RELATIVE TIME

100

Time and Light Required for Discrimination

Astigmatie vs. Normal Eyes
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The foregoing curves ty well known authors require no

getailed explanation except that in the case of the \,
astigmatic eye more benefit is derived from higher levels

of illumination, than the normal eye, while the lower levels

of illumination handicap the astigmatic eye to a greater

extent than the normal eye. In the case of the fatigue curves

the astigmatic eye is handicapped even more than the normal

eye by insufficient illumination,

When quality of light, in terms of diffusion not spectral
composition, is introduced, results of visual response are

somewhat improved. Later it will be shown how spectral
composition will improve this condition to an even greater
extent.

Ltuckiesh, Taylor, and Linden present the curves telow
indicating the time required to read Old English type, for
various intensities of light, on white and gray background.

32

: | . . i
| 5 ! < ! ! , 1
2 - :
o B A TIME = LIGHT .
g-, ‘ \ +- READMG OLD (WGLE TYPE —— Ny
¢ 1

g T~ | f |

= GRAr BacKGA e ! 1

x, ! ‘ i ! ;

¥ ] ! 1

waT RSO~ N

J) i€

g !

3 !

© 8

\ad

1]
' i |
‘ I l . u‘ll.:‘::\‘."- aotn

[+] 4 8 1 18 20 24 28

FOOT- CANDLES > KLUMINATION
Time and Light Required for Reading Old English Type

It takes I8 seconds at 20 foot-candles to read 100 words
on a gray background and the same results are attained with
| foot-candle on a white background. In factories where scales,
micrometers, machined surfaces, etc., are actually gray,
COOPER HEWITT light gives better contlrast at | foot-candle
than ordinary light at 20 foot-candles.
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QUALITY

The quality of light depends chiefly upon its spectral
or color composition. The best way to study this is ty
referring to the spectral analysis or spectrum of the
light under consideration. On the following page the
spectrum of daylight and COOPER HEWITT light are shown.

The incandescent spectrum is similar to daylight except for
a notable deficiency of blue rays and a predominence of
orange and red rays. Neither of the latter are needed for
seeing and are considered as heat or chemical rays -- the
rays which Dr. Steihmetz explained as being irritating to
the eyes.

Caylight is composed of a continuous band of blending
colors while COOPER HEWITT light consists of four colored
lines, each in the same relative position as the colors in
the solar spectrum. The colored lines predominant are
yellow, green, blue and violet, which may be considered as
the rays by which we see best. The dark spaces show the
absence of rays which are not needed for good vision.

The absence of the entire red and orange end of the
full spectrum is indeed an advantage since these are the
rays that contain most of the heat.

On the following page there are also shown diagrammatic
illustrations of the effect produced when daylight and
COOPER HEWITT light passes through a simple lens such as
that in the human eye. Daylight is split into various colors
only one of which can be sharply focused. The other colors
being slightly out of focus tend to make images hazy.

COOPER HEWITT light is practically monochromatic, producing
a sharp, distinct image. The small amount of blue and
violet have very low visual power compared with the high
visual power of the yellow and yellow-green light,

The net result is a light of high yellow content and
practically that of a single color so far as the optical
action of the eye is concerned. In other words, with
mercury vapor light the lens of the eye forms a sharply
focused image on the retina.
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COOPER HEWITT light through a lens
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CHARTING THE MERCURY SPECTRUM

Since the mercury spectrum contains only those rays needed
for test vision
of energy ana lumen distribution of the three primary colors of

it will

te interesting to show relative values

< any

the light.

Wavelength Group Energy Relative Lumen

Angstroms Distribution Visibility Distribution
57350 Golden
5769 Yellow 14.8% 0.890 23. 1%

¢ Greenish
54860 Yellow 43.3% 0.990 75.4%
4358 Blue 41.9% 0.020 1.5%

While the relative energy of the

high it adds very little to the lumen output because of the low
relative visibility.

VALTES OF RELATIVE VISIBILITY
(TNITY AT WAVE-LENGTH OF MAXIMUM VISIBILITY)

Wavelaghin | Relative visbility || iy (my) | Reladve visbllity
400 0 0004 600 0.631
10 0.0012 10 0.503
20 0.0040 20 0.381
30 0.0116 0 0.265
40 0.023 40 0.175
450 0.038 650 0.107 *
0 0.060 0 0.061
70 0.091 70 0.032
80 0.139 80 0.017
%0 0.208 90 0.0082
500 0.323 700 0.0041
10 0.503 10 0.0021
20 0.710 20 0.0010$ .
30 0.862 K’y 0.00052 10
0 0.954 40 0.00025 10 " 1%0
140 t <ty 140
550 0.995 750 0.00012 130 p I
60 0.995 0 0.00006 2 120
70 0.952 Approved Decamber 19, 1952 & N
b7 0
80 0.870 by - o
90 0.757 American Standards Association = e ARV4 ™~ »
) f= / 3 ®
”» ‘,\“\‘ 7 —\‘» 0
“ £ | 4 s ‘
<, [ ]
7 ! \%
0 V. 50
“ 4 v [ _ \ ©
A i A »
20 3 3 AN %0
ot 2 A
R _‘/ 10
0 A5 40 N 59 AS, Jo °
Uhrs Violm Vinle Biue Creen Ylow Orange Rel
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The greenish-yellow band of light has a higher energy content
than any of the other bands and has by far the greater lumen
output. The brightness sensation of luminosity of the golden-
yellow and greenish-yellow, which is more commonly expressed as
yellow-green, comprises 98.5% of the total light output. The
relative visibility values may be taken from the American Standard
(1.E.S.) published values or from the curve which is a result of
these values. Relative energy distributions of sunlight,
incandescent and mercury light are included on the curve sheet,

GENERAL CHARACTERISTICS OF GASEOUS LAMPS

The table below is of particular interest since it gives the
general characteristics of several well known gaseous conduction
lamps. These values are up to date and many interesting
comparisons in terms of wattage distribution, efficiency, brilliancy,
etc., can be made.

TABLE III—GeNERaL CHARACTERISTICS OF Vamious Gaseous ConpuctioN Lawrs

: I ; p

R ; ; £ g

LI 5’5 | = | g ‘5 T 1w |8
; 3 L | 9 < X =
Sources Method of Operaticn e E lnj %.32 3 5’ o :i
E12 |5 42 32l 3|58 gi i 5
{3 |3 |e=| 2|37 & |3 1)éx |8
H. V.NeoB..oooneeneeraennenn. React. Trans. 5| 4 360 450 03] 100 2050 024 58| 1300145
H.V.Neon...................... React. Trans. 58 5, S00 ﬂ)s() 055 100| 2000 0. 30 7.2 1200130
H . V.Mercury ................... React. Trans. 58 Sl 450.450.03 100j 2300, 0 20 1.6 0.36{ 3.2
RAV.Mercury................... React. Trans. 58 10, 850 00:0.05{ 100! 2100[ 0.S§ 1.9 032(20
L.V-LP-Hg .................. 110V.D.C. — {135 250!! w]J 5 50 71 4.1 120 0/ 12.2 .16 0
LV-LP-Hg .................. A, C. Rect. Res. Bal. 90 | 175, 2751003 7 50| 74 46| 1350/ 13.6 |15.0
LV-LP-Hg .................. A. C. Rect. Res. Bal. 90 | 100; 1501 003 7 22l 40 4.6 13501 13.6 120
LV-LP-Hg .................. A. C. Rect. Res. Bal. 90 125I 1750 75‘2 s5: 3§ 70| 4.2 115 0] 15 4 '13.§

U
L.V.H C-Neon................. A. C. Rect. Res. Bal. 90 | 200, 3001 003 5 18 70 11.7 275 0 27.8 {10.0
oo
H.P.QuartaHg ................. Uviare-D. C. —_ 250{ 6500 704 0 6| 160.100 0 | 3600 0{520.0 24 .0
HighInt. Hg.®................... Full Wave A. C. Ind. Bal. |68 ' 25 4001.302.9 6| 160! 63.0 | 2250.0/175.0 32.0
| ! 1 . i
L R UL '

Sodium—10,000*. ................. Full Wave A. C. Ind. Bal. G5 I 25. 2003 006.6 i 9| 25/ 15.5 | 1100.0{ 37 O |45.0
Sodium—6,000%. . ................ Full Wave A. C. Ind. Bal. . 65 { 15. 1502.505.0 ‘ 7 ZOI 14.3 | 85.0{ 34 5 36.0

* Tentative data based on a depreciation of about 15 per ceat, for each successive one thousand hour interval of operation, from
a rated rather than actual initial output. Intrinsic brilliancy based on total emitting surface area of tube or bulb
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ENERGY DISTRIBUTION AND EFFICIENCY

TABLE I—Rriative ENercy, UrrLizatioN, anNp Erriciexcy

I ! ® ey | o o Cop .
er |y
Souree ] | Zor il g Lypers Reais
‘ Visible ! ton ' ER. ‘ Wast Effic.
| .
White 380-700 only . 00 l 100 00 35 350 220 '100 0
Monochrome S5 only. ... .. ... .. 00'1000 100 1000 620 280 0
Sunlight... ... /600, 400 40 ;160 100 ' 450
Inc. Lamp. (500-watt) ....|860] 140 23| 32 20, 90
Neon (Ind. Bal. 400-watt)........... 920 80 32| 26| 16 7.25
Hg. (G. E. High Intensity Ind. Bal. J
400-watt). . .............. ... 910| 90/ S8| 52| 32 145
Hg. (C. H. Low Pressure Res. Bal. |
450-watt). .. ... 46| sS4 43 230 15! 67
Sodium Arc (Ind. Bal. 225-watt). .. .. 890| 11.0, 76 | 7.3 1 45 ! 20.0
Helium (Ind. Bal. 500-watt)......... 98.9| 1.1 8| 065 4| 1.8

The ruled areas or luminosities of
each kind of light represented, on
the adjacent charts, are made equal
to each other so the total areas

j{ [ 0 represent graphically the theoretical

_MER CURY visible energy. The ratio, in each
L e case, of the luminosity area to the

éjf- L R total energy area will then be a

- - visual utilization factor characteristic
S | of the light distribution and unrelated

up— to the source.

.
[
I

4
pisy
|
-+

If all the energy were concentrated at
the wavelength to which the eye is most
sensitive, about 555 mitlimicrons,

j ; its utilization might be rated as 100%
N (Col. d above Table) in comparison
F‘“’ with the lower utilization factors

et

determined graphically.
From the Table it will be observed that the visual utilization

factor of COOPER HEWITT light is aimost twice that of cncandescent
light and slightly above sunlight.
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PROBLEMS OF SEEING AND LIGHTING
FORMULAS FOR VISION & &« ¢ « + &
REACTION TIME . . . « . .

LIGHT AND VISION

THE ELLIOTT TESTS & o o « o o &
THE ELLIOTT TESTS - GRAPHICALLY

.

MEANING OF EYE SENSITIVITY « GRAPHICALLY,

THE SEE'NG'METER- e e & e o
TOOLS OF INDUSTRY . . « . .
GOOD LIGHTING IS GOOD BUSINESS.
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— A e e e et ——

707004



i

LionT anl

Light and Vision

There i1s little doubt that our knowledge of physiologicatl,
psychological anc esthetic foundations of illuminating engineering
is not as fully developed as our technical knowledge. illuminating
engineering i1s not be treated merely from a physical and
mathematical point of view, since the eye is the receiver of
visual impressions and the brain transforms these into the
sensations of perceiving otjects and colors. These sensations
are largely depe~dent upon the kind or quality of light used.
Light for seeing must therefore possess quality and such rays
as are not needed for seeing should te eliminated in work areas.
Such a light has already been termed Work-Light or COOPER HEWITT

light.
PROBLEMS OF SEEING AND LIGHTING

Seeing is an act of the mind; this fact is the basis upon
which all considerations of lighting problems rest. Sharpness
of vision depends upon:

1. The eye
2. The lighting

As far as the eye itself is concerned, nothing much can be

done to improve visual sharpness. Of course, if the eye has

some defect it can be remedied by the application of lenses,
provided the defect is not too serious.

Artificial lighting is controllable in every respect,
particularly as it affects the eyes. The important factors to

observe are:

t. Quality 3. Distribution
2. Quantity 4, Direction
5. Diffusion

707005

[ SE] |



-

LIGHT amD vjs10m

The diagrammatic sketch telow very ably illustrates the
conditions of vision and lighting.

vISION l L' GHTING

AN ZONTROL I CCMP_ETL CONTRO(

QUALITY QUANTITY

p T 8 DImEET
S “"fb,; FFUSTON

v“' T
BRICHTNESS ~ 04 BACKCROYND
INTENSITY : ~

ﬁ-_ s CLRYER OF kymitATIQN :*D. coxcr
e e ' UNPREVENTABLE | of SEEN
oY Tre ;

QPTOMLTRISY BY THE LIGHTING SPECIALIST H

The optometrist and the lighting specialist are partners for
improving seeing and conserving eyesight.

COOPER HEWITT light because of its QUALITY is glarefess - -
it is pleasing to the eye and transmits only those rays used
for seeing; all other undesirable rays are absent. Consequently
neither direct nor reflected glare need be considered, with the
absolute assurance that the eyes will perform their visual task

at maximum efficiency.

FORMULAS FOR VISION

Clear and accurate seeing depends upon two basic effects:
I. Light - brightness or intensity

2. Sight - visual perception or retinal
sensitivity '

The first effect as far as seeing is concerned, is an
external condition and is one which can be arranged by illuminating

engineers as required.
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The second effect depends upon the first to some extent, put
primarily upon the eye. Various formulas can be arranged for
fight and sight:

Better light = Better sight
No light = No sight
Normal eyesight 4+ Darkness = Total blindness
Normal eyesight 4 Poor lighting = Slow seeing, Danger
Defective eyesight 4+ Poor lighting = Accidents
Defective eyesight 4 Good lighting = Slow seeing, Danger

Norma! eyesight<4 Good lighting = Quick easy vision,
increased production

REACTION TIME

To simply see light is an elementary act of the brain, but
to see an object and recognize it, that is, distinguish it from
all other objects, requires an act of the mind which is a more
or less complex process. This complex process is named
cognition. Like all other mental processes, it requires a
certain length of time for its completion. When.the process
of visual cognition is completed by the brain, impulses are
sent out through the nerves to the proper muscles, which cause
them to contract or relax, thus producing the desired motion
of the member, such as reaching for an otject. This motion
is muscular reaction and the time elapsing between the
formation of the image on the retina and the actual motion
of the muscle is known as reaction time.

THE ELLIOTT TESTS

The test way to determine which light is most effective as
an aid to seeing and production is by some direct means of
comparison. The Elliott tests do this. The experimental set-up
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will not be given here - - space permits only the results of
these important tests which take into account cognitive
reaction-time with lights 5f different character and at

different

intensities of ilfumination. Three different

observers were vused making 26,700 observations. The average
results are shown by the curves below.

Curves SHowING Reactions IN Uxrt Tive Unper DirrereNt Kinps or LicEHT
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2 FOOT CANDLES 30

A close study of the curves reveal many interesting points,

which have a direct and important bearing on industrial lighting.

Some of these are:

COOPER HEWITT light at 6 ft.c.
surpasses daylight at its best,
i.e., 50 ft.c.

COOPER HEWITT light at 4.5 ft.c,
equals daylight at 10 ft.c.

COOPER HEWITT light at 3.5 ft.c.

equals tungsten light at its
best, i.e., 20 ft.c.
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4, The curves are substantially
paraltel which means that the
gifference between the three
kinds of light is the same at
all the different intensities.

a., Tunpgsten light shows
that 50 ft.c. is not
as good as 20 ft.c.

b. COOPER HEWITT and
daylight indicate that
anything above 20 ft.c.
is practically wasted.

c. There is so little gain
for intensities above
10 ft.c. that this may
be taken as the practical
minimum intensity.

Naturally the Elliott tests are laboratory tests and the
conditions for seeing were the best possible and all external
hindrances to vision were eliminated. There is reason to
believe, however, that practical shop tests would follow the
same general conditions. The normal intensities shown on the
curve sheet might be somewhat increased but the differences
due to the different lights would remain the same.

THE ELLIOTT TESTS - GRAPHICALLY

A graphic representation of the effect on production due
to various forms of lighting is of particular interest. The
results shown were derived from the Elfiott tests and relate
to the quickness of response of the hand to the eye. The
graphs show how this is affected ty the quality of light at
an intensity of 10 foot-candles.
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At this intensity the following values of motions per
unit time are read:

SOURCE

Mercury » L] L] . L]

MOT IONS

10

6.6

Sunlight. « . . . . « . . . . 100.0

Incandescent. . . . .« e o o g7.0
g 13 o Nize=—
CANDLE LIGHT INCANDESCENT LIGKHT OAY LIGHT COOPER HEWITT LiENT
60%
so% 50% 53% =
41 %
e —= h%i&. 35%
§ § 5% 25% g 5 WORK 3 5 WORK ; Iolgl.:
F z DONE DONS o] N
33 oy |srowase ;3 % 3o 8% ég 57
SPOWASE i POILAGE x wm&k

COOPER HEWITT vs Daylight

a. 7% increase in work done

b. 3% decrease in spailage

COOPER HEWITT vs Incandescent light

a. 10% increase in work done

b. 4% decrease in spoilage

Work can be carried on by candle light or dim light but the
risk to man, material and machine is too great a chance in any

factory.

Light must serve to sharpen the visual .tool, thereby
protecting human life and machinery investment.

Thousands of practical comparative tests in various departments

in almost every branch in industry have verified the authenticity of
the above graphically represented reaction tests.

-
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MEANING OF EYE SENSITIVITY - GRAPHICALLY

, EFFICIENCY
[ ULTRA=-VIOLET [ T Suntigat= o vigion (Short eygvelenjtn:
VIOLET 2%, L i iains Accounts for lIncreased retinal
sensitivity., also tends to
BLUE [ R feduce glare
GREER $0%. et esinn Good visuel value., fasy On the eyas
YELLOW=GRE LN ev s §0%, , 0y 000aves Ercellent visval value
YELLOW 100%, ...000u0een nighest visual efficlency. Briliiant
CAANGE L1l I Tendency to be glaring., Tires the eyes
REO L} TN marsh undesirable for vision.
irritates the eyes
I RFRA=RE D emmmmsr———— 04 s o0 s ssv0ess Meat rays = 00 vialon,
(Long wavelengths!

Nue to the sensitizing effect of the violet and blue rays
on the retina and the visual results of yellow and yellow-green
rays and the soothing effect on the eyes by the green rays, it
is reasonable to expect that COOPER HEWITT light promotes
eye sensitivity far in excess of any other form of light source,
not exclucing daylight.

It may be of incterest to know that navy surgeons have
found that the acuity of night vision of naval officers is
improved by giving the comparatively rested eye srall doses
of light in the blue and violet region of the spectrum; the
eye becomes sensitized and sharpness of vision is greatdlv
improved in perceiving distant and dimly lighted objects.

COGFE HEWITT contains 90% visual rays in the yellow and
yellow-green portion of the spectrum and 10% sensitizing rays
in the blue and violet portion.

This broader understanding of visual efficiency explains why

mere foot-candle readings must be replaced by some measure of
light in terms of actual seeing.
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Many executives who have lighted their factories with
foot-candles are now changing the lighting systems so that
the workers can SEE. Their experience is responsitle for
the expression:

‘Don't light your mill with
foot-candles;

Light it so your workers can

SEE!"

The era of average foot-candle lighting is being replaced
by specific lighting at the point of vision. [In lighting a
factory or shop the first job is to determine the point of work
and then get as much VISION = - NOT LIGHT - - as possible at
that point.

Here are a few things of which vision is not a measure:

Checkerboard lamp layouts

2. Hanging height of lamps

3. Watts

4, Candlepower

5. Lumens

6. Foot-candles

7. Lumens per watt

8. Watts per square foot

9, Ffoot-candles per watt per square foot
1I0. Uniform intensity on a working plane
Il, Hot spot light at the working point
12. Reflectors
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THE SEEING-METER

Scientists believe it will be difficult to devise a meter
that will measure seeing-power because of the many factors
envolved, such as quality, quantity and distribution of light,
glare, contrast, speed and comfort. Since there is no such meter
avatlable, a suggestion showing a scale with comparative
seeing-power values is reproduced telow.

26 COOPER HEWITT

Accomplished work is the result of seeing at the point of
work., Seeing cannot be measured in terms of candlepower or
foot-candles, but must be measured as seeing power. The
illuminometer scale is not a direct reading scale of seeing
power, but must be transformed by means of a visual function
curve. The above scale has been prepared from the Elliott
tests, which clearly illustrates seeing power against foot-
candles.

The word *vis-light® is arbitrarily assigned as a unit of
measure for seeing power. A vis-light meter would, of course,
have but one scale - - the four scales are drawn merely to show
what values of vis-light are obtained for COOPER HEWITT,
Daylight, and Incandescent light at various foot-candle
readings. A few definitions may make it more clear as to what
vis-light really means by comparison with cand!epower:

CANDLEPOWER is the Intensity of a bveam of iight, ;;;,.g-ggv‘u Is & function of the mind,
Lo - is the 1iilumination vig-tight Is the cleer vision
produced by o tight of one produced by mind due to a
candlepover at a ¢listance quailty of 1light,

of one foot,
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TOOLS OF INDUSTRY

Master Tool

LIGHT PAYS FOR {ITSELF THROUGH EYES

Mechanical Tools

COOPER-MEMITT light is a precision light of extreme accuracy.
|8 gives the eye a micrometer setting for seeing.
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GOOD LIGHTING IS GOOD BUSINESS et ano viseos

Does good ligbting bharve real
dollars and cents value> The

figures belou say “YES!”

propucTion | (-
CAPACY

(The percentages refer only to this test and are for purposes of comparison only.) These figures are
from the results of a 15-month investigation conducted in a metal-working plant. The original lighting
sysiem produced an average illumination intensity of 1.2 footcandles and made possible a production
capacity equal to only 48 per cent of that attained with illumination intensity raised to 14 foot-candles. As
indic~+e4, four levels of illumination were tried out with the results as shown. The maximum in.

crease in cost of electricity was 48 per cent—equivalent to only 2 per cent of the payroll. Savings in de-
creased spoilage and accdents easily paid for the extra current. (From “Light and Work”—Luckiesh.)

LOW PRODUCTION
CAPACITY

HIGH SPOILAGE
HIGH INSPECTION COSTS

INCREASED ACCIDENTS

HICH PRODUCTION
CAVAC\TY

LOW SPOILAGEF
LOW INSPECTION COSTS -
DECREASED ACCIDENTS

7

Good lighting often effects savings equal to the difference between net loss and net profit. Buying the
benefits of good lighting for your plant is equivalent to buying additional net profit—and increasing

your competitive ability for years to come. .
| 70701¢
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The term visual acuity is too broad to define in a few
words with any degree of accuracy. Since the word visual
refers to seeing and acuity means sharpness the most simple
definition: *Sharpness of seeing® is the most effective as
far as general comprehension is concerned.

RESOLVING POWER

Technical literature has referred to visual acuity as the
equivalent of resolving power. This is indeed a !imited meaning
of resolving power but is being used because of the fact that it
is susceptible of physical measurement. The true interpretation,
however, is complicated by certain psychophysical factors
relating particularly to visual contrast or the effects of
sharpness of delineation. Thus, visual acuity is a measure of
the optical sharpness of an image, and the degree of visual
contrast. The often overlooked fact is that both of these factors
are affected by the spectral composition of light.

SEEING MEASUREMENTS

The ordinary method of visual acuity measurement is illustrated
below. The size of the angle is all important in such measurements;
normal vision is given at | minute (one sixtieth of a degree) and
best vision at 40 seconds (one ninetieth of a degree).

" METWODS USED
By OPTICIANS

VISUAL ACUITY MEASURED BY Ui
MINIMUM $I2E SCEN - -

NORMAL VISION, | MINUTE SNELLEN
BEST VGION, 40 SECONDS .
- o INTEANATIONAL

A

e . .
$12¢ DENOTED BY VISUAL ANGLE
VISUAL ANGLE IN MINUTES SIZE OF OBJECT AT 14 INCHES
' s 0 0.0041  ©0.0203  0.0407 INCMES)

TEST-0BJECT ULED FOR CHARTING
” FUNDAMENTAL FACTORS IN SEEING
SLEING MEASUALD BY VARYING ~
3120~ CONTRAST — BRIGHTNESS — EXPOSURE TIME
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Orainarily only four variatles of an object are considereqd -
size, contrast, brightness and exposure time. Cne other very
important factor must te included, namely, the sensitivity of the
eye. These conditions are analogous to photography in which size,
contrast, and trightness has a direct bearing upon time of
exposure. The remaining factor in getting a good picture is
sensitivity of the film, The analogy is closer if motion picture
photoyraphy is taken, in which the time of exposure is invariable.
The sensitivity of the film (retina) then determines the success
of the results with any given lighting condition.

CHROMATIC ABERRATION
The lens of the eye is a simple convex lens having several

inherent defects or limitations ~ - one in particular is its
inability to bring different colored rays to a focus on the same

surface. If red rays are focused, the blue will be out of focus,
and other rays to a less extent. 1If blue rays are focused then
red rays will be decidedly out of focus. When the eye must

handle light containing all the colors of the visible spectrum
it makes a compromise by focusing on the yellow, which is a
mean between red and blue,

The eye has always used this compromise in focusing with

natural light; therefore it has become much more sensitive to the
middie range of colors - - yellow and yellow-green - - than to the
other portions. It takes less energy in the form of yellow light

to produce a given visual effect than it does for any other color.
The inability of the eye to focus all colors at once is called

chromatic aberration.

So in considering the choice of an illuminant for industrial
lighting it is without doubt, that one possessing a monochromatic
yellow-green ray is to be preferred. Naturally, with such a
characteristic light the eye is properly focused making it
unnecessary for a compromise as explained above. COOPER HEWITT
light is composed almost entirely of yellow-green rays of fight;
it therefore sharpens vision with the same effect as that of
providing glasses for defective eyesight.
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SHARPNESS OF VISION

Sharpness of vision depends upon retinal brightness and
kind (quality) of light, Since the structure of the eye
cannot be changed the light must be of such a quality as to
produce this sharpness. By using a light containing only
one color the lens of the eye can produce a perfectly sharp
image on the retina. This is represented pictorially by the
' two photographic cuts.
If the eye were unable to
compromise for a single
color a blurred image
would result with an
effect even worse than
shown by the picture

sharp lmage Slurred lasge since it shows an out-

' of-focus condition in
one dimension; whereas the actual image would actuaily be in
every direction, horizontally as well as vertically and
through the various intermediate angles.

v e

COOPER HEW!TT light has only four color bands and almost
Q9% of the light is in the yellow and yellow-green region - -
the rays which are responsible for ease and sharpness of vision.

RETINAL SENSITIVITY

|f the eye were subjected to the task of seeing it could
best do this with a light of monochromatic yellow, as indicated
by the eye sensitivity curve, However, the structure of the
retina is such that if exposed to pure yellow light for long
periods-of time it becomes fatigued.

The basis of continued superior seeing power of COOPER
HEWITT light is its enhancement of retinal sensitivity and this
is due primarily to the violet and blue action on the retina,
This is technically known as reflex retinal action.
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"The analogy btetween the eye and an electric battery is the
best possible means of explaining the part that reflex retinal
action plays in seeing. Each retina contains something more —
than a hunared million electric batteries, each one connected
with the seeing projector in the brain.

Electric energy

Generator Sattery Lemp trangformed

! Into 1ight
A% .

1 ‘ Light energy

Light Eye §raln  transforaed

into seeing

If the generator terminals were disconnected from the battery
the lamp would naturally burn, but if continued to burn the
tattery would slowly lose energy and eventually the light from
the lamp would be very dim.

in the case of the eye, yellow light has a tendency to run
down the many million batteries of the eye. Under continued use,
the eye becomes fatigued and vision is somewhat dimmed or
indistinct. Just as the generator is used in the above circuit,
so are the blue and violet rays used in COOPER HEWITT light to
keep the retinal batteries at full charge preventing fatigue.

Although the tuminosity of the blue and violet amounts to
only 15% and add little to the apparent brightness of illumination,
these rays have considerable energy and have a powerful action in
maintaining a high level of retinal sensitivity, restoring the
exhaustion caused by yellow and other visually effective rays.

This explains the higher seeing-power of COOPER HEWITT light
and accounts for the increase in contrast perception as shown
experimentally:

I. ©60% increase over daylight
2. 100% increase over incandescent light
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MERCURY LIGHT ENHANCES VISION

The superiority of COOPER HEWITT light for industrial
use consists in its greater power to:

. Light up dark spots
2. Increase visual discrimination

The low spots in illumination are the spots where {ight
is more cr less cut off by obstructions, that is, where shadows
falt. The same proportion of light will be cut off whatever the
kind or position of light sources. But the portion of light that
reaches the spot from the COOPER HEWITT lamp, by increasing
retinal sensitivity 100%, increases the seeing-power of the light
by just that much, and so has the same visuval effect as increasing
the intensity of incandescent light by the same amount. This is
another reason for the shadowless effect of mercury light,

Some time ago Dr. Luckiesh said:

®1t has long been hnown that visual aculty under aonochromatlic (ight
of cortaln wavelongth s superlor to 1ight of extended or
heterogeneous spectral character. Furtheresore, this advantage

Is generally greater at low drightness leveis then at Aigher ones.®

Contrast sensitivity produced on the retina of the eye
together with brightness of the image is the measure of visual

acuity. Contrast does not vary alone with photometric brightness,

but depends also upon the spectral composition of light.

Contrary to the general concensus of opinion, mercury light
and ordinary light cannot be measured or compared in terms of
seeing-pov:r by ordinary photometric means.

. .. . mercury vapor light appears to magnify de-
tails and ﬁroduces visual results considerably greater

than its photometric intensity would indicate.”
Dr. Louis BetL, PH. D.
Author of ' Art of lllumination”

707021
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Three independent sources have proven this experimentally,

i. Elliott shows the results in percentages,
using daylight as the standard:

a. Daylight . . . . . . .. . 100%
b. Incandescent . . . . . . . B82%
¢. COOPER HEWITT. . . . . . . I13%

2. Bell in his report on Visual Acuity shows
the ratio of mercury to incandescent |ight

of:

| l
-— to — or | to 1.6
1.5 1.75

3. The average hue sensitivity of daylight and
mercury light as derived from the areas:
a. Daylight . . . ... .. . 4.3
b. COOPER HEWITT. . . . . . . 5.9

This gives a ratio of | to 1.4
Bell comparing the visual discrimination of light states:

'~ - - the seeing-power of mercury light is
equal to that of incandescent light of twice
the photometric intensity.*

Never has anyone disputed the value of COOPER HEWITT light as
the best and most desirable for industrial areas. Many large
concerns in this country when confronted with a lighting problem
turn toward COOPER HEWITT LIGHTING as a solution - - they have
standardized on one type of lighting.
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THE PRACTICAL SEEING TEST

While the laboratory test must be relied upon for accurate
results in any branch of science, the practical test is more
often important. Several tests of various natures have been
conducted in the field and proved conclusively that:

COOPER HEWITT
light is
BETTER THAN DAYLIGHT

One of these field tests is reproduced below in the form of
a picture story.

,,,,,

One Manufacturer Made

o The plant—big. The employer—{amous, producing a uwai

e veqully accepted substitute for slk. The average distaace
the men could count the threads oo the blackboard under
ordisary light was 10 feet—under Work-Light, 20 feet.
the sumber of threads of course being chaaged. 'h;q aow
uvse Work-Lighu

Another field test quite as interesting as the atove was
conducted at a well known Cotton Mill in the cotton spinner room.
Twenty operators stood at one end of the spinner, and a careful
record was made of the distance they could observe and count the
threads on the spinning frame. The average results were
tabulated as follows:

oarLiIGaT:
Average Intenslty o« o o« o o o o ¢ o ¢ o o o s o o a s o o ¢ o s o 10,8 ft.c.

Distance at which throads were dlstinguishedle. « « o o o o o & o 17,% fogt

COOPER nEwITT:
AV.'.'.'“"HI",-Ananoo.oc-o'coocu.ooot- ,0,'(0‘.

Olstance at which thrends were distinguishable. « o « ¢ o o « o o 29.8 foot

707023



3

VISUAL ACUITY

There is almost a 43% increase in the distance of vision
with a 70% decrease in the intensity of light., Manufacturers
are invited to make similar tests to satisfy themselves that
all the claims made for COOPER HEWITTS are quite conservative
rather than over-emphasized.

These tests indicate the practical conception of visual
acuity. When the opportunity arises try the following as a
simple experiment under different kinds of light.

Read the smallest line discernible under COOPER HEWITT
light - then repeat under any other kind of light. Allow
10 to 15 minutes between readings.

NEAR TEST CARD

COPVRIONT 1983
av

THE EYESIGHT CONSERVATION COUNCIL
NATIONAL PRESS BUILDING

WASHINGTON. O. C.

ELZOTTPT 72°
CFDLPO 60"
FZOELL?P 48°
DpLcors 36
Tratser 28°
sesrsrew 24°

sersnerse 20°
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A VISIBILITY INDICATOR

LER INEYORN SOF R

The indicator below presents a series of visual tasks

which increase uniformly in difficulty.

By means of these

visual tasts it is possible to demonstrate the influences
of light, lighting, eyesight, eye-glasses and other factors

upon seeing.

1

MELATIVE FODTCARDLES 1 OR EOUAL (AST OF SERING

>0

Visibility and Ease of Secing
are closely related

Visibilits increases as the intensity of tlumination incraises.
So does case of sceing. Read the printed matrer below under
different intensities of illumination and note the putatat which
reading becomes dithcult or impossible.

- ‘2 s A e 1
" ) - SRS Y
& Mt Tar, AwT o RmI.L L Nl e R R -~
Yoo i et ml Salaa @ Pt RO A o
bt N Ctiesdmetht N N L8 S0 T T WA €D

LI W U, I i L el

ticbt o enanial (3 B G2 Dye e Al rowmnave wene Seuag -
u & perinrdhy o lighnag aad rohe, theresare, e pambibnes o Sghe o
and vy wn agfincwd Jung whi cre ad Sace. The ~patwewr J-
troc cach apmsdl ctmee vha w8 Coagt wwaly gy B bamas wew W

VISIBILITY INDICATOR

LGt NG FCSEARCH L aBORSTORY
NELA Pa®e (NUINCER NG DEPSRTaENT
CENCRAL (L LC° 80 L OuPANY

CLEvELaND omQ
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A WARNING

In the *April 1935* issue of the |.E.S. Transactions,
Mr, #ard Harrison has voiced the hazard in relying upon the
foot-cancle meter as a measure of good lighting. Mr, Harrison

says in part:

'I have just one misgiving in connection with a
great deal of what is being done under the head
of Better Light - Better Sight. It avoids so
much hard work just to depend entirely on the
sight meter for your illuminating engineering
judgments, and to say to a customer - 'you are
all right because you have 25 foot-candles' -
or 'you are all wrong because you have only 5',
If we are not careful we will be in danger of
an epidemic of bad lighting simply tecause it
is so easy to concentrate on quantity and
forget all about quality.*

A foot-candle has no more significance in measuring the
irmportant factor of seeing-power than pounds have in expressing
a kind of steel or yards have in revealing the quality of a

material.

707026



VISUAL FATIGUE
PAGE
RESULT OF USING THE EYES ¢ ¢ o ¢ ¢ ¢ o o o « o o & !
EFFECT OF AGE ONEYES o ¢ v ¢ ¢ ¢ ¢ ¢ ¢ o o o o o |
RESULT OF INTENSITY. ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o « o o

IR P S

FACTORS OF GLARE & & & ¢ o o ¢ ¢ ¢ o o o ¢ o o o @
MINIMIZING OBJECTIONABLE SHADOWS . . . « « . ¢ « .
HARM PRODUCED BY GLARE &« ¢ ¢ ¢ ¢ ¢ ¢ ¢ & ¢ o o o &
NECESSITY OF PROPER LIGHTING. ¢« ¢ « o & v o o o

—

O U = W W mn

HUMAN WELFARE. . L] L] L] [ [ ] L] [ ] [ ] . L] ] [ ] [ ] L] [ ] [ ] ]




) cl.Sll(l[ &(:nge

The atility of the eye to detect small objects and fine
details distinctly, without effort, is known as visual
acuity. Anything of serious consequence in interfering with
ease, comfort, certainty and satisfaction of vision is known
as visual fatigue. There are an unlimited amount of things
which cause visual fatigue and the conditions of these '
causes are quite variable. The eye itself is perhaps the
most variable, since it depends wholly upon the individual.

RESULT OF USING THE EYES

The age of a person has a great deal to do with the process
of seeing. Examinations have revealed that the eyes of an
infant are naturally far sighted (hyperopic); that is, the
eyes have evolved to function best for distant vision. As
the child grows older, the eyes are used more and more for
close work tending to cause near sightedness (myopia).

The progressive character of myopia with age as given by
M. Luckiesh is as follows:

Number Emmetropic Myopic

Examined (Normal) (Nearsighted)
Infants . « . v & ¢ ¢ ¢ o . 1,534 6.2 2.5
Pre-school children . . . . . 356 10.4 7.9
Elementary school children., . 13,920 63.6 1.4
Intermediate school children. 42,283 37.4 27.5
College students. . . . . . . 4,207 37.9 52.5

The figures are given as a percentage of the eyes tested.-
The data indicates that myopia increases steadily with
advancing age and use of the eyes.

EFFECT OF AGE ON EYES

In connection with increasing age Luckiesh has also shown
that *as the eyes grow older the pupils gradually undergo a

707028
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reduction in size and consequently the trightness of tre retinal
images decrease, although the level of illumination upon the
otjects to te seen remains the same.® The variation in pupil
diameter was shown to te in daylight as follows:

Age. Pupil dia. Relative Brightnesses Foot-candles for
in mmn. of Retinal Images, equal effectiveness,
20 4.7 100 20
0 4.3 84 24
40 3.9 A9 29
50 3.5 55 36
60 3.1 43 46
70 2.7 33 60
80 2.3 24 83

The figures indicate that the older eyes require a higher
level of illumination if the same brightness of retinal image
is to be maintained. For factory lighting then it is difficult to
say just how much light is actually required. |If the level of
illumination is to be ideal for all involved, the intensity should
be such that it satisfied the poorest seeing condition of any one
man's eyes. An average intensity of light would normally result
in average rate of production, or specifically, increased
illumination gives increased production. From the standpoint of
the individual, increased illumination improves visibility,
permitting the eye muscles to function with less strain ar
contraction, thereby reducing ocular fatigue.

RESULT OF INTENSITY

Luckiesh has shown in his experiments that if the intensity
of light is increased the distance at which an object can be seen
is greater. The result of such an experiment is as follows:

Foot-ceandlas Dlstance for oqual
vislollity (inches)

3 18,0

? 19.)

b] 17.%

10 19.1

20 20.8

50 23.2

100 2§, ¢
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FACTORS OF GLARE

Since the eye differs in many respects due to the
individual let us proceed to explain how various factors
produce eye fatigue. Here again it must be remembered that
such factors are also variable, such that the normal eye may
withstand a greater strain than the eye suffering from myopia
or the like.

Visual fatigue was explained as anything interfering with
the ease or comfort of the eye in its ability to see. Any
such interference causes the eye to make certain adjustments which
tax or strain the eye. This straining of the eye, or eye strain,
if continued for any length of time tires the muscles of the eye,
just as over exercise tires the muscles of the body, causing the
eye to become fatigued. A tired or fatigued eye hinders vision
and when such is the case both physical and mental conditions of
the body suffer the effects. Visual fatigue is therefore
detrimental to mind and body and may result in physical injury

to a worker, :

The most common factors causing visual fatigue from
industrial lighting systems are:

I. Objectionable shadows
2. Dangerous glare

3. Insufficient light

MINIMIZING OBJECTIONABLE SHADOWS

Objectionable shadows are shadows that obscure vision,
Shadows, of course, are necessary to clear vision but when a
shadow is improperly placed and too dense or dark the eye has
difficulty in functioning properly. |n other words, the eye
views an object until it is perfectly clear or defined, so
when a shadow interferes with this clear vision the eye
readjusts itself until clear vision is again attained. However,
this readjustment is in the form of muscular reaction which

results in eye strain.
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Realizing that shadows actually cause eye strain we may
summarize the points essential to minimizing objectionable
shadows and eye strain,

I. Shacow must te correctly placed.
2. Must be of proper density.

3. Heavy and dark shadows are reduced
when the lighting unit is large in
proportion to the area lighted.

4. High visual acuity essential (in
shadows) at low intensities.

HARM PRODUCED BY GLARE

The problem of devising general rules for the avoidance of
glare is greatly complicated by the personal equation. Not only
is the condition and age of the eye to be considered but also the
color of the eye. People with gray or blue eyes are particularly
annoyed by exposure to glare. The muscles of the light colored
eye has difficulty in controiling the pupil aperature since there
is less protection against the heat and infra-red rays, which may
therefore have a tiring effect. Dark colored eyes, of course, are
also affected by the presence of [ight units emitting red rays,
but with less tiring effect, Below an excerpt from Dr. Steinmetz.

“Radiarion is a2 form of energy, and when inter.
cepted and absotbed, disappears as radiation by con-
version into another form of energy, usually hear.
Thus, the light which enters the eye is converted into
heat, and if its power is considerable is may be harmful
or even destructive, causing inflammation ot burns.
This harmful effect of excessive radiation is not inci-
dent to any particular frequency, but inherent in radia-
tion as a form of energy. It is, therefore, greatest for
the physiological effect, that is, the same amount of
visibility, for those frequencies of light which have the
lowest visibility or highest power equivalent, that is,
for the red and the violet and least for green and the
yellow, which for the same amount of vision represent
least power. Hence, green and greenish yelow light
are che most harmless, the least irritating to the eye, as
they represent the least power. We feel this effect and
express it by speaking of the green lighe as ‘cold light’
and of the red and orange light as ‘hot’ or ‘warm.’
The harmful effect of working very much under arti-
ficial illumination is largely due to this energy effect,
incident to the large amount of orange, red, and
especially ultra-red in the radiation of the incandescent
bodies used for illuminants and thus does not exist
with ‘cold light," as the light of the mercury lamp.”
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From Steinmetz' remarks it is apparent that the hot rays
of red light are irritating to the eye, causing unpleasantness
and eye strain. This fact together with the reasons given
under the section of *Glare®, gives evidence that glare is a
very undesirable factor in an industrial lighting system.

NECESSITY OF PROPER LIGHTING

Recently there has been a great deal of discussion about
sufficient quantities of light. Scientific considerations of
seeing are being more thoroughly studied now than ever before
and more attention is given to the behavior and welfare of
human beings as human seeing machines. A few years ago
M. Luckiesh and Frank K. Moss developed a very interesting
diagram of the human seeing-machine at work. The results are
not entirely supported by quantitative data, but they are
based on many years of research. The diagram has plotted
along the horizontal axis intensity of illumination, As the
intensity of illumination is increased the rate of production

~ naturally increases.

The shape of this curve depends upon the class of work to
be performed. (f rough tasks are involved low intensities of
iltumination suffice for vision and the production curve tends
to reach a maximum, |f the work is complicated the visual
task is more difficult, thus, for maximum production higher
intensities are required.

BoMAXIMUM EXPENDABSLE ENERGY {

MPROVED VISIBILITY
é;o:caus:o NERVOUS LOSSES
€-DECREASED OCULAR STRAIN "g’,’_”

{
Jor SAFETY
LLU ’
~47'Io~
“ t TA sn
Sltg

MANY PSYCHO~PHYSIOLOGICAL
FACTORS OF THE HUMAN MACHINE

D ' LIMIT PRODUCTION OF WORK
\

ENERGY FOR USEFUL WORK
NF

ENERGY EXPENDED IN WORKING

LOwW MEDUM HIGH
INTENSITY OF (LLUMINATION
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vISuAL FATIGUC

HUMAN WELFARE

Although the production curve spoken of is valuable,
inasmuch as production efficiency is concerned, it does not
take into account the welfare of the worker. The upper part
of the diagram is designed to account for human energy expanded,
and from the curves shown the measure of efficiency of a human
being as a seeing machine might be derived as far as the ratio
of the useful work done to the total useful and useless work
done. Luckiesh states: *from pure reasoning and meager data a
broken-line curve is drawn so as to represent pictorially the
decrease in useless internal work done by the human seeing-machine
as the intensity of illumination is improved far beyond the point
where production ceased to increase appreciably owing to other
limitations of the worker.? The clear area or extreme upper
part of the diagram is given as the reserve energy capacity of
a human being, it teing different for different individuals.
The intensity of illumination has much to do with this reserve
energy in every case. Foot-candle intensities far greater than
the so-called productive intensities create a continuous
partial rest period which is operative even while workers are
working. This partial rest period thus aids the worker and

adas to his reserve energy.

Insufficient light is, therefore, very much involved and the
part it plays in industrial lighting is of great importance. If
a job is properly lighted the expenditure of energy is greatly
reduced; the nervous muscular tension, which is a combination of
tense nerves and muscles, or body fatigue, is reduced by means
of improved visibility. Improved visibility is attained only
with improved illumination; high intensities of illumination
improves the productivity curve, as well as the behavior and
wel fare of human beings.
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There are many available technical definitions of glare.
Whatever the phraseclogy may be it is an established fact that
glare is objectionable in industrial lighting systems. Even
the expression of a lifeless stone statue is changed as shown
below, due to the glare of floodlighting.

Change of expression due to different
conditions of Floodlighting

GLARE 1S OBJECTIONABLE

Actually glare is objectionable because of a great many
reasons. A few of the more important ones may be |listed as:

. Sensation of discomfort

May result in permanent eye injury
Fatigues the eye and body

Reduces speed of vision

Reduces effective illumination intensity
Prevents discrimination of detail

DOV e W N -
L]
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TWO KINDS OF GLARE

Glare is produced in two ways, both of which are a hindrance

to a worker's efficiency.

Direct Glare is the maost frequent and serious cause
of bed lighting. It results other things from
unshaded or inadequately -hnmt sources located
vithintheﬁdddvidon.orﬁomloogutoouhut
between the bright light source and a dark beckground or

adjacent surfeces. Glare should be svoided by the use

of proper reflecting and diffusing equipment.

Reflected Glare blr:: pom working ;u‘facu is
particularly anno use necesaity of directing
the eyes J-w“&m.m snd further because the
eyes are by nature especially sensitive to light rays from

. The barmful effects of this specular reflection can
g.mmnmnd by properly shielding from below or diffusing
source.

A few typical instances of direct glare are sketched below.

Bare Lamps Tin Shades Light Bources ia

Line of Vision

Spotty Light

These are also apparent as reflected or specular glare from
shiny surfaces. Even with properly designed reflectors specular
glare is still unavoidable if the source itself is inclined to be

glaring, as noted by the high spots on the machines below.
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FACTORS OF GLARE

tn industrial lighting the degree to which glare is
experienced depends upon five principal factors:

I. Intrinsic brilliancy of the source

2. Contrast between source and background
3. Total volume of light entering eye

4, Location in field of view

5. Time of exposure

INTRINSIC BRILLIANCY OF SOURCE

The intrinsic brilliancy or brightness of the filament
of an incandescent tungsten lamp is extremely high, being above
1000 candlepower per square inch. In terms of brilliancy
Table | reveals that a COOPER HEWITT lamp is only about 15
candlepower or less than a 25-watt inside frosted Mazda B lamp.

~ TABLE 1-- BRIGHTNESS OF LIGHT SOURCES

Candlepower

SOURCE Per Sq. Ia.

Sun as observed at earth's surface 1,084,800
Crater, carbon arc 84,000
1000~watt Mazda C lamp (clear bulb) 7,900
Nerst glower 2,010
Tungstea (1.25 watts per candle) 1,080
Carbon (3.5 watts per candle) 400
50-watt Matda C lamp (inside frostea) 29
26-watt Mazda B lemp ( * s ) 16
COOPER HEWITT 16
Kerosens flane $
Candle 3
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LOCATION IN FIELD OF VISION

“r. Henry Schroeder (Edison Lamp Works) states:

“In the case of clear “azda lanps the drightness s very

high, 2speclally that of Mazea C lamps,

If such lampe

are In the direct Iine of vision, they shouid Ve usSed

with ¢1ffusing medla to Increase the surface fron which

the 11ght comes In order to reduce the drightness,”®

EVOLUTION OF INCANDESCENT LAMPS

The evolution of incandescent lamps would require quite a

lengthy discussion,

to efficiency are interesting.

&
8
g

80-watt
carbon
filsment

lasp

Vacuve

tungsten

A few of the marked improvements relating

ssee 290 cp per sq. In,

.......... 14 @atts/cPp cocvsvses 900 cp per sq. In.

filament

| omgp

fitrogen

gos=fliied ceevsecoee @ watts/cp cesenn

| smp

Latest

{Argon)

esacsesces B WOLU/EP ccceaas

gas~filied

lamp

eeer 3OO0 cp pur sqe in,

8000 cp per ogq. In,

Thus the development of the incandescent lamp brought with it

a constant increase in glare.

This made necessary the development

and use of diffusing media in order to combat the glare that

seriously impaired vision.

COOPER HEWITT light requires no difusing

media, consequently no light is absorbed at the source -- less
kilowatt energy is required to provide the same illumination at
the point of seeing.
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VOLUME OF LIGHT ENTERING EYE

The volume of light does not hurt or affect the eye if
the light is of proper quality. Concentrating a given amount
of 'ight to a small source lends itself to high trilliancy.
Radiators, registers and other heating equipment are designed
with large surfaces to reduce the heat given off per square
inch, |f this equipment were required to give off an equal
quantity of heat from a very small source, such a source might
become red hot and it would be difficult to withstand heat at
distances of several feet.

Lerge radlating ’ Concentrating

surfaces perait heat to a smailt

comfort at closse j0urce would

range and also result in discomfory

distrisute heat st a distance of

aore efficientiy. several feat.

The above analojy applies to illumination in a somewhat

similar manner. Comparing three of the most widely used sources
for industrial illumination clearly shows this to be a fact.

@————ucuocsc:n—-—.—p 4000 cp per sq. In,
eye

COOPER NEW! T ———fiae b 1% ¢cp por sq. in.

NOATH Win00w =@ P % cp per sq. In.

North daylight from side windows is quite unsatisfactory
since intensity falls off rapidly - 20 feet away light is
inadequate for fine work.
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VOLUME OF LIGHT FROM BLUE SKY

That the volume of proper quality of light does not hurt
the eyes is illustrated on the golf course. It is quite
possitie to clearly see a fast moving golf ball without eyestrain.

The condition of illumination may
be as high as 10,000 foot-candles,
However, the brilliancy against a

blue sky is only about 4 candlepower
per square inch. COOPER HEWITT lamps
are only four times this value. Thus,
in a uniformly or well lighted shop
COOPER HEWITT light is glareless.

PIN TEST

Looking directly at mercury vapor
light for several minutes, one might
turn directly away without an after
image and clearly see to pick up
ordinary pins scattered about the
floor. This in itself is positive
proof of the glareless feature of
COOPER HEWITT light,

QUALITY OF LIGHT

Quality of light has a direct bearing
Cloar vision sgalnst o siue sky. on glare insofar as the rate at which
the eye becomes fatigued or irritated.
it is evident that best vision resuits from a source with predominance
of energy in the yellow-green wave band and entirely lacking in red
and infra-red. These rays are heat rays and do not aid vision, as
a matter of fact they are a great hindrance because they irritate

the eye.

.. ..green and greenish-yellow light are the
most harmless, the least irritating to the eye . . . the
harmful effect of working very much under artificial
illumination . . does not exist with cold light such as
the light of the mercury lamp.”

DR. CHARLES P. STEINMETZ
Autbor of ‘‘Radiation, Light and

lllumination’'
707041
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E.L. Elliott has this to say about quality of light:

Ordinary electric light is strongest in yellow and
red; and as these rays contain more energy, they
are the most effective in producing glare. The
first impression on encountering light of this
quality is, that it is “bright.”” Cooper Hewitt
light consists of yellow, mixed with green and
blue; these rays are practically pure ligh!, being
free from the heat accompanying the orange and
red rays. Cooper Hewitt light is therefore glare-
less under all conditions found in actual practice.
The first impression of illumination by such light
is, that it is “mild""—not “bright.”

DIFFUSE REFLECTION FOR VISION

Scientific investigations have found that diffuse reflection
alone is serviceable to vision. The eye sees objects only by
light that is diffusely reflected, not by the light that is
specularly reflected. Due to the absence of glare from
COOPER HEWITT lamps 100% vision is obtained.

Because of this glareless feature no intensity is too great
for eye comfort with mercury vapor light. Intensities up to
1600 foot-candles or more are used for various classes of
inspection.

Photogruph shows how Plate (lass for rear 1iew mirrors is inspected under
Wourk.-Light at the Dayton Plunt of the Chrysler Corporation.
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SCIENTIFIC ANALYSIS OF REFLEX ACTION

After many years of investigation Prof. Frank Allen,
(University of Manitoba) concluded that:

When light of one color (wave-length) falls upon the retina
~f one eye, both eyes being light adapted, the sensitivity of the
retina of that eye for that color is reduced, while the sensitivity
of the other eye for all colors, but predominantly for the com-
piementary color, is increased. The same action also takes place
with respect to the two lateral halves of the retina of each eye.
Action of one set of nerves induced by the action of another set
is called reflex action.

The amount of reflex retinal action is different for each
different wave-length, or spectral color, of light, but is the least
with yellow, and the greatest with violet, the reflex sensitizing
effect of violet being 700 times as great as that of yellow,

Simply statea the addition of blue and violet have a
balancing effect which reacts upon the retinal organisms in such
a way as to sensitize or adjust the eye for highest visual
efficiency obtainable from the yellow rays of light and in such
a manner as to subdue the normal glaring condition of these yellow
rays. This increased sensitivity means a higher degree of contrast
perception, which in turn means increased visual acuity or seeing
power,

EFFECT OF GLARE

The effect of glare is readily
appreciated by referring to the
adjoining picture. Assuming the
intensity of illumination to be

100% when the glare-source is
absent, the effective intensity of
iltlumination decreases to 58% when
the glare-source is 40 degrees above
the horizontal line of vision. The
effective foot-candles continue to
decrease as this angle decreases.

In other words, the wasted |ight,
when the glare-source is at an angle
of 40 degrees, is 42%. (Luckiesh
and Moss).

Loss of 1ight due to glare
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EVALUATION OF GLARE

An evaluation of glare in terms of Mazda lamps was
presented at the 22nd Annual Convention (I1.E.S.) in 1928,
(Report of Committee on Lighting Legislation - Mr. Ward
Harrison, Chairman). Grading was determined by comparative
measures, viewing two light sources against the same
background. A classification of Grade A can be placed
almost anywhere in the field of vision without causing
discomfort. The results are tabulated in Tables 2, 3 and 4.

Table 4 may be condensed in a comparative manner:

I. A bare COOPER HEWITT tube is equivalent to:

Bright southern sky
b. 32 cp carbon filament lamp
c. 40 W tungsten filament |amp

d. 200 W tungsten lamp in a 12°
diffusing opal globe

2. A standard COOPER HEWITT lamp is:

a. Four grades less than 300 W dome reflectors
b. Six grades less than 500 W dome reflectors
¢. Five grades less than a 500 W Glasstee!

Table 3 shows that at normal mounting heights, 9 to |1 feet
and above, COOPER HEWITT lamps satisfy all conditions of glare,
even with bare tubes exposed to the eyes at the working plane.

TABLE 2
GRADE WATTS STASDARD

A 10 Tungsten Fllament lasp In 6° frosted dall glode
’ 13 . . e o o . . .
¢ 28 . . « o . . .
° .0 . . « o » - . .
€ 50 . . s s s . . .
r 60 L] [ ] L] L] [ ] L] [ ] .
Py 100 . . L . . .
™ 150 . . s o o . . .
[ oo frosted lamp

J ’oo L] [ ]

X 2000 . .
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TABLE 3

LIMITING GRADES OF LIGHT SOURCES PERMISSIBLE FOR VARICUS CONDITIONS

felgnt ct llgnc A L ' tinetats. CTaliing &
floor in feet Fooms Foons Toons rosss
6.5 or less D D C C
6.5 - 7.5 F F E E
7.5 -9 H a ¢4 F
9 - 11 I H H ¢
11 - 13 J I I H
13 - 16 J 1 I H
16 - 20 K J J I
20 snd up K K K J
TABLE 4

SPECIFIC CLASSIFICATION OF COMMON
LIGHT SOURCES FROM THE STANDPOINT OF GLARE AS DERIVED FROM TABLE 2

Natural Light Sources COOPER HEWITT Carbon Jocandescent
{as seen through windows) Laaps
K| DRt siiie el | e conare pomer | F
Bright Southern Sky (¢
Northern Sky c ‘(‘t:ger;éteﬁ:?ole) A 32 candle power 4
Tungsten Filament Lamps
Watts 40 60 100 150-200 300 500-1000
Bare Lamps G H I J J K
Dome ;iim:‘ G H 1 J J K
Reflectors
Not Visivie| B B D D E ¢
g" C E F - - -
Diftuse
Opal 12" - - E G H
Clobes 16" _ _ ~ 7 a 2
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LIGHTING AND THE PUPIL OF THE EYE

The pupil of the eye has a greater effect upon the efficiency
of the worker than is generally realized. It has teen found that
the pupil varies in diameter from 2 to B mm., depending upon the
trightness to which the eye is adapted or exposed., It has also
been found that the ability to see fine detail is arproximately
constant from a range of pupillary diameter from 2.5 mm. to 5.5 mm.
The pupil contracts very much when it is exposed to glaring light
sources, but the practical effect of this contraction is too
generally overlooked.

g R

The contraction of the pupli of the eye
to protect the senslitive retina from
piinaging glare tekes place In one

tecond -= dut it takes 40 times tonger

to evpand agaln for normal seeing.

Let it be assumed that a
Eves with contracted pupils are clow-secing eyes—ilow to grasp workman has o) foo t-candles
details or cath rapid motion. Images af moving ohjects are blarred. upon his work , but that the
lighting is so glaring that
his pupils are contracted to
a diameter of 3 mm. Ffor the
sake of comparison let it be
further assumed that the

6 & g second workman also has 5
oo e foot-candles upon his work,

Papils wide open are fat.secing eyes—as sharp to but that the lighting units
rigrster quick actios s the motion picture camera. are of the proper design and
the tight of proper quality.
In this case the absence of
glare, it will be assumed,
causes his pupils to expand to 44 mm. The brightness of the
retinal image being proportional to the square of the diameter of
the pupil, the retinal images of the second workman will be twice
as bright as those of the first workman.

-
-

Even though the intensity of illumination is exactiy the same
in both cases, the second workman is really enjoying the advantage
of twice as much light. His visual doorway is open one hundred
percent (100%) more than that of the first workman exposed to glare.
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With the present knowledge of increase in production resulting
from an increase in illumination intensity, this aspect of glare
is of much interest. There are other beneficial 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 or effectiveness of illumination.

Strictly speaking, glare is very much misunderstood when
referred to the human eye. It is difficult to accurately discuss
glare in practical terms since the physiological explanation must
be included and not only the physical as is usuaily the case.

In other words, three things must be considered:

1. Intensity
2. Diffraction
3. Spherical aberration

All three are controlled by the automatic adjustment of the
eye until a definite balance is obtained,

COOPER HEWITT light aids the eye in this balancing effect
because:

l. No intensity is too great for
general eye comfort.

2. Shorter wave lengths reduce
diffraction.

3. Spherical aberration, chromatic

' aberration and other forms of
aberration are practicaily
absent.
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SHADOVS

CE}Zculouﬁ

The most important consideration when dealing with shadows
is the fact that they are necessary for proper vision. Shadows
produce the effects in perspective which are commonly called
roundness and depth. Thus, we distinguish the forms of objects
by their outlines, and by differences in light and shade.

DIFFUSION OF SHADOWS

Diffuse light is desirable since it tends to cut down the
harshness of shadows. Diffusion is indicated by the biending
of f of the edges of shadow. Where diffusion is 100% there are
no shadows.

N0 Shadow Narsh Shadow Proper Shadow

(Flat) (Odecure ) (Clear detalls)

Where shadows are missing, objects appear flat and indistinct.
If they are intense the line of demarkation between the object
and the shadow is hidden. Deep or harsh shadows may appear to be
part of the object, which is very undesirable. An object is
most clearly seen when the shadow is sufficient to fully bring
out the relief without being so dark or sharp as to obscure the
details of the subject in any place. Diffusion is the result of
proper distribution of lighting units provided such units are not
over glaring. COOPER HEWITT light has the distinct advantage of
being practically glareless due to low intrinsic brilliancy and
possesses a characteristic quality of light that is ideal from the
standpoint of diffusion.
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OBJECTIONABLE SHADOWS

Shadows are formed in many ways and if the quality of light
is not proper they usually are sources of annoyances to workers.

Shadows. that is, diferences in brightness of surfaces,
are essential in observing ohjects in their three dimensions,
i but are of little or no value in the cbeervation of flat

- surfaces. Wbhere shadows are desirable, they should be
' soft and luminous, not so sharp and dense as to confuse
the object with its shadow.

Shadows on work %orking i own light To windows for sesing Derk corners

Heavy shadows cast on the work are dangerous shadows - - they
slow down production, are the cause of spoiling materials and
endanger limb and life of man.

Where insufficient light prevails due to shadows, it is
possible for a workman to go to windows or raise instruments to
light sources; but the work being machined cannot be so moved,- -
eliminating shadows from the production means removing seconds
from the product.

The luminous source of a COOPER HEWITT lamp being four feet
long it can be hung near enough to the operator to shine around
his head and so cast no shadows on his work. Placing two
incandescent lamps four feet apart will avoid the obstructive
shadow of the workman, but will form double shadows, both formative
and obstructive, which are highly objectionable - - with COOPER
HEWITTS a workman cannot stand in his own light.

707090



(s

$ss000}
FORMATION OF SHADOWS

The formation of a shadow is caused when an object is in
the path of light rays produced by a light source. In general
practice there are three classes of shadow formation:

I. When the light is smaller
than the obstruction.

2. When the luminous surface is the
same size as the obstruction.

3. When the luminous surface is
targer than the obstruction,

The formation of shadows due to various sizes of sources
may be graphically represented.

'/////////

Polint Source Source saallier Source and obstruction Source larger
than odstruction samo size than obstruction
In the case of a point source the obstruction will cause the

formation of a total shadow. This is a theoretical condition and
rarely, if ever, exists in practice since reflectors are used for
transmission or distribution of {ight and the total surface is
considered as the luminous source, as noted below. Therefore,
the usual condition will give rise to a region of partial shadow
which is known as penumbra and total shadow which is known as

The °®shadow of an ,} ..
F Tho Sgclipse of & sheadow
A Sttt A A ' // shouing how ertended sovrce

eltflculty of avolaing of T tight
; COOPER mEWLY []
, Mheavy shadows with makes ob jectionsdle shadoms
. light coaing from o Tmpossinle.
- ‘\eonnn"nu source.
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ELIMINATION OF HARSH SHADOWS

Mcdern industrial illumination demands the elimination of
deep, heavy shadows which zre present in some types of general

lighting systems.

In order to properly serve its purpose as an

essential element of vision, the shadow must conform to two
specifications: it must be (a) rightly placed and (b) of proper

density.

The position of a lighting unit governs the position of a
shadow, while the quality of light and the size of source
determines the density of a shadow.

2.

COOPER HEWITT lamps fit the specifications in every detail -

The position of a lighting unit
is easily controlled.

The size of the unit depends upon
the type of illuminant and is
restricted to some form of gaseous
discharge.

The quality depends upon the spectral
value of the light which must be of
such a characteristic as to promote
ease of vision with least effort.

no other factory illuminant can boast of ail these remarkable
features. FEven daylight falls short of accomplishing the ideal as

voiced by E.L. Elliott:

“In order to eliminate heavy shadows,
the size of the light source must be large
in proportion to its distance from the
working plane. This may be seen readily
by observing the shadows cast by direct
sunlight and by diffuse daylight coming
through window openings which are com-
paratively small in proportion to the area
which they light. Either of these sources,
while large in themselves, are too far away
from the working plane to eliminate deep
shadows.
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THE EFFECT OF QUALITY LIGHT

The light from a COOPER HEWITT lamp is of superior quality
for visual purposes. With such a lighting system it is possible
to obtain an even intensity of light on all working surfaces.
The few shadows which may be present are luminous and permit
accurate vision because of the high visual acuity even at low -
intensities.

Another peculiar effect of COOPER HEWITT light that adds to
the ability of the eye to see in shadows is the fact that the
light increases contrast by at least 50% above that of ordinary
light.

Objects become indistinguishable when the difference
between |ight and shade disappears. Conversely, the greater
the difference between light and shade the more boldly the
objects stand out. Shadows reduce this contrast, which entirely
disappears when all light is shut off and proportionately when
a part is cut off.

COOPER HEWITT light by increasing the light and shade
contrast 50% has the same visual effect upon objects in shadow
as increasing the general surface brightness by 50% with ordinary

light.

THE TWILIGHT EYE

Due to the structure of the eye the resultant composite
picture projected on the retina is more perfect in all the
details that lie in the regions of lower intensity, which includes
all shadows. Vision under lower intensities is sometimes termed
as vision with the twilight eye. High intensities activate the

daylight eye.

There are many instances when it is necessary to look into
cavities and covered spaces, to see under as well as over,
within as well as without.
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The fact that the eye can see in low intensities of
COOPER HEWITT light where ordinary fight fails is a valuable
asset to the conditions stated in the foregoing statement.

COOPER MEWITT Jight with Jts
penetrative effect wilil put
tight into these cavitles
making accurete vision
possivie,

- e

The high visual yellow-green rays literally wrap themselves
around an object and penetrate into cavities and covered spaces.

Ordinary light throws darkness into spaces where light is
needed. COOPER HEWITT by actual test gave a reading of 2.25
foot-candles in a cylinder, as against .75 foot-candles under
incandescent lighting. These readings were taken in a shop where
Mercury and RLM lamps were on trial; the result - - COOPER HEWITTS
installed throughout the shop.
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DOWN AMONG THE GEARS

There is no doubt that no matter what type of lighting is
used, the light down among the gears, on the cutting edges
between the dies, or in the depths of any machine, is lower
than the surface intensity. These are vital points where work
actually is done. Unless there is seeing power there, light is
not serving its purpose. Failure to light these close work spaces
properly, explains why so many lighting installations that look
good do not provide the workman with the kind of help he needs.

DEEP, DARK, HARSH SHADCWS
OBSTRUCTIVE, OBJECTIONABLE SHADOWS
SOFT, LUMINOUS SHADOWS - DETA!IL WELL DEFINED

COOPER HEWITT ftight with its soft luminous shadows and high
visual acuity at low intensities will give operators sufficient
light where light is needed. Drop lights will not be necessary
which give high lights or hot-spots as indicated below.

Gear Cutting Keavy Outy Mltiing Cuttor

note harsh shadows Sote adsence of detald
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COMPARATIVE LIGHTING

SBelcw are two lighting installations, one using incancdescent
"amps and the other COOPER HEWITTS. Note particularly the
shadows, clearness of detail and tendency to glare in toth
photographs - - both are printed reproductions. After careful
or casual study, choose the one which is known to pay profits
bty increasing production and reducing seconds. Remember, also,
there is more light from COOPER HEWITTS for the same wattage.
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It has been pointed out by a prominent engineer that we use
our eyes twenty times as much for close reading as did our
ancestors. This does not merely imply reading books and
literature tut also includes the reading of instruments and fine
details of workmanship in manufacturing areas. The use of our
eyes in industrial circles becomes very important from the
standpoint of safety or accident prevention.

S aFETY

WARNING OF APPROACHING DANGER

An accident, is an unexpected event which may happen regard-
less of the care or precaution exercised by human beings. When
danger threatens the body from an external source a system of
elaborate controls are caused to function. These controls are
cartly automatic and partly operated by the conscious action of
willpower, Warning of approaching danger is usually received
through one or more of the several common senses. These senses
are known as taste, smell, siqght, hearing, and touch. We are
warned of the presence of gas by smell; poison and impalatable
food is readily detected by taste. High temperatures are
realized by the sense of touch, while various approaching
dangers are denoted by hearing.

CONTROL OF ACCIDENTS THROUGH HUMAN SENSES

The combined action of the four senses given above is
responsible for only 13 percent of our muscular activities. The
remaining 87 percent of our muscular movements are governed by
sight. It would appear that
27 percent of industrial accidents
could be charged up to sight, tut
this cannot be so simply classified
since an accident is usually the
result of a combination of causes.

In the first place, the mental
~ ‘ faculties must be seriously
™~ considered. Vision cannot be

p e
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charged with casualties resulting from the failure of the mingd

to act uron the warning given, The sate may bte said cf the other
senses mentioned. Protective action ty the body, in response to
ganger signals given by the senses, depends upon the acuteness of
the senses, and the efficiency with which the body responds to the
signals., The efficiency of the control system of a human being
cepends upon general health and mental attitude. Therefore, the
percentage of the senses given merely furnish an incentive for
providing all the facilities necessary to cause the body to respond
to certain signals.

The conditions of maximum safety or minimum liability to
accidental injury has been Qiven by E.L. Elliott as follows:

I. When the immediate source of danger is
surrounded to the utmost with physical
means of protection.,

2. When the operative has full knowledge
of all sources of danger.

3. When all his senses function normally.
4. When he is hatitually careful.

5. When his body and mind ‘are in a condition
to act with maximum efficiency.

In industry, many accidents that occur are avoidable, tut the
reason they are not avoided is simply tecause none of the sense
organs warn the victim of the impending danger quickly enough to
allow him to take precautionary measures to get away from the zone
of danger. The sense of sight is the agent by which 87 percent of
these warnings are transmitted to the brain and a delay of even a
fraction of a second is often the margin between safety and danger.
To secure the highest degree of efficiency in the prevention of
accidents, the visibility of human beings must be as nearly perfect
as possible. The perfectness of vision depends first upon the eye;
the defective eye is the result of defective vision. Proper
illumination is the other dependable factor for perfect vision.
t{lumination is, of course, merely an aid to the eye as a seeing
mechanism, but the better the illumination the more accurately does

the eye function.
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SURVEY OF LIGHTING CONDITIONS IN THIS CCUNTRY

The value of jood illuminaticn has teen reccinized for
some time. Many factories have acopted satisfactory lighting
installations in the past ten years. Many are operating with
old, otsolete installations which may be considered as definite
sources of accidents. The Eyesight Conservation Council in
cocperation with the Federated Engineering Societies investigated
445 plants with reference to lighting conditions, and give the
following results:

Excellent . . . . . . . . v v o o . . 8.7%
Good., + v v v e e e e e e e e e e e .. 32.0%
Fair. © & v v i i et e h e e e B9
POOr. & v v e e e e e e e e e e e . . IB.8%
Very POOr &« + v v 4+ v « v 4 4+ o o o o« +» 3.5%
Partly good, partly poor. . . . . . . . 7.8%

The above results show that only atout 40 percent of the
investigated plants are suitably lighted. This is indeed a very
poor showing when considering the development of the lighting
art. Perhaps the managers of the remaining 60 percent of these
plants are not actually aware of the importance of lighting as
a safety measure and of the fact that proper lighting removes a
very definite and now well recognized hazard of industry. It
certainly must be clear to most everyone that employees should be
able to see clearly and distinctly, in performing their duties
and moving about the plant, if the hazards of accidents are to
be removed. Mr. Luckiesh in his book entitled *Light and Work®
states that by properly improving illumination in our industrial
plants, a 10 percent increase in production could te obtained,
and this would have a net value to the country as a whole, of
over two and one-half billion dollars per year, exclusive of the
cost of spoilage, labor turnover, -and accidents. This is a
stupendous sum but relates only a value in doltars. Life and
limb are of prime consideration when expressing the real value
of lighting. If this could be expressed in dollars we would
find that the economic saving through the accident prevention
influence of proper illumination, would represent an even greater

sum than the first one cited.
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At an 1.E.S. Convention in Baltimore, %ard Harrison
declared:

*A survey of industrial plants showed 30%

of them to te under-wired as well as
under-lighted. For such plants the recent
development of new, high-efficiency mercury
and sodium lamps will prove a boon by making
possible double the illumination without any
increase in wiring.,"

VALUE OF GOOD LIGHTING

Mr. Guy A. Henry, director-general of the Eye Sight
Conservation Council, recently estimated that a yearly saving
of four hundred and sixty million dollars could be made ty this
country if only the eyes were given the proper help by correction
of defect and proper illumination, Of this total sum, accidents
resulting from poor lighting annually amount to $300,000,000 and
$30,000,000 of industrial waste is charged directly to poor
lighting. These figures alone tend to show that good lighting
should be of prime importance in industry regardless of cost.
Yet the cost for providing adequate illumination for the entire
industry of the country would only amount to one-half to one per

cent of the wages.

The total cost of an accident, to manufacturers, is usually
underestimated. That this is true, has teen brought out by
W.D. Keefer, (Director Industrial Division, National Safety Council).

®It is genarsally agreed that mory than 1) milbtion 11,567,000) workers wure killed or
saciously injured in the United States in 1921, On thg other hand, comparatively

few poople realize that, on an aversge, cach of these dissdiiitios cost the empiloyer
$20N0.00 in cold hard cash. This reprasents the sum pald for compensation, for doctor
bills and for hospital faes.

mor is that all, That is simply the ovt-of-pocket ezpense that is accounted for oy
company book keepers and auditors, For in addition to that sum recent studies mads

by the Travalers Insurance Company indicets that there Is an indirect and indefinite
cost thet nevar appears on the books, but shich, nevertholanss, sust be pald by the
company. This indirect cost Includes the valve of fos production, of labor turnover,
of camaged machinery ano materials and other ltems which sfter careful study are
calculated to smount to at least four times the direct cOost. tn Other words, on the
average, the company loses about $1000.00 every time » worker suffers disabling Injury,
Thus, the total cost of accidents in American industry each yesr asounts to more than
14 vitlion dollars {$1,567,000,2001, (f it could be seic that 15% of this amount woule
Bbe savad by good lighting the saving would amount to approzimately & querter of aditiion
dollars ¢$23%,780,000)., On & %% besis the saving would be 378,2%0,000."
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There are numerous other data available which clearly
indicate that improved lighting decreases accidents considerably,
in manufacturing areas. Savings of thousands of dollars to
manufacturers, who invest only a few hundred dollars for
improved lighting, is covered by many substantial reports.

Artificial lighting for factories is, therefore, important
not only because it decreases accidents but because it is
profitably to the manufacturer. The hazards of accidents are
materially decreased if the artificial lighting system has the
following qualities:

I. Shadowless - avoiding the possibility
of confusing objects with shadows.

2. Glareless - preventing temporary blindness
which would incapacitate the eyes in
rendering warning of danger.

3. Sufficient light - enabling the worker
to see his work clearly.,

The combination of these three important qualities
naturally tend to prevent eyestrain or fatigue, thus keeping the
body physically and mentally fit.

The accompanying
photograph gives
significant indica-
tion of the effect

of COOPER HEWITT
illumination in
reducing accident
hazards. The shadows
and glare which
traditionally compli-
cate punch press
operation are not to
be seen, a condition
which contributes
measurably to quantity
and quality of
production,
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LIGHT ON THE TRAFFIC ACCIDENT PROBLEM

While industrial lighting and road lighting are two
different problems they bear a close relationship as far as
accidents are concerned. Recently H.S. Beagle presented a
complete report on traffic accidents which is given in
outline form as follows:

I. 3100 people killed, 1,000,000 injured, on New York hjghways
in 1933.

2. Economic loss in wages, medical expense and associated
property damage - $2,500, 000, 000,

3. If all night traffic accidents could be eliminated, the
economic saving each year would pay the salaries of all
teachers, supervisors and principals of all elementary
and secondary public schools in this country.

4. Night accidents increasing at faster rate than day accidents.

5. Chas. A, Harnett, Commissioner of Motor Vehicles for New York
State:

a. 83,344 accidents, 2,709 deaths, in N.,Y, -1933

b. 88,443 accidents, 2,785 deaths, - 1932

c. Of the 2,709 fatal accidents, 117 occurred
during dusk; 1,308 during dark hours.

d. Of the 2,785 fatal accidents, 141 during dusk,
1,270 during dark hours.

6. More than 1/2 the fatal accidents on New York State roads
occur during dusk and darkness.

7. Unusual large proportion of accidents since less than 1/5
highway traffic occurs during hours of darkness.

8, Chas. A, Harnett:

a. 6 year test - 3 years poor road lighting -
3 years improved lighting. (6 miles of the
Schenectady-Troy and Schenectady-Albany highway).
b. Day accidents increased 21.4%
c. Night accidents decreased 32.6%
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ACCIDENT RATE LOWERED BY BETTER LIGHTING

Modern machinery and shop conditions are designec for
utmost safety. To warrant the added expenditure for such
cenditions, lighting must te adequate as far as intensity
is concerned and of proper quality if considered as an
accident prevention measure,

Extensive studies by casualty insurance companies show
conclusively that good lighting is an aid in the prevention
of accidents. COOPER HEWITT light aids materially in
reducing industrial accidents because of its power to create
fast and accurate vision. Workers are far less likely to be
injured by contact with moving parts on machines or by
accidental falling, if they can see clearly and distinctly,

The following report is convincing evidence that poor
lighting in industrial sections is hazardous.

Tilk, RELATIONSHIP OF ILLUMINA-
TION TO INDUSTRIAL SAFETY

A lecture given by AztHur C CamruTHIRS,
Editor Safety Engineermg

Herewith are what eleven leading casualty in-
surance compaties writing workmen’s compensa-
tion insurance have to say on the subject of
defective illumination, as a cause of industrial
accidents.

1. “We have made a very careful analysis of
the data entering into our statistics, resulting from
inadequate and poor lighting in industrial estab-
lishments. We estimate that from 13 to 209 of
all industrial accidents are caused directly or in-
directly by poor lighting.”

2. “l feel safe and comservative in estimating
that at least 15 per cent of all accidents occurring
in industrial plants and construction work which are
covered by this company for compensation insur-
ance are due either directly or indirectly to poor
llumination.”

J. “Some industrial concerns have definitely
shown a reduction in accident frequency over pre-
ceding years and increased efficiency after adequate
lighting units have been installed.”

4. “In our inspection work we find that it is
quite necessary many times to request proper
lighting for employes knowing that it is going to
decrease the number of accidents and also increase
production. We are entirely in sympathy with

proper lighting and often find it necessary to dis-
cuss this very item with plant managers and
superintendents.”

5. "I think you will find safety engineers agrec
that poor lighting is a prolific cause of accidents in
industrial plants.”

6. "We are firmly convinced that inadequate
lighting and defective vision constitute an im-
portant factor in our industrial accident record.”

7. “We know that a large percentage of acci-
dents in the industries are directly and indirectly
caused by poor lighting. This is, no doubt, alsc
true in reference to a great many accidents that
«ccur under our Public Liability coverage due to
falling and tripping on floors and stairs.”

8. “In the past twenty-five years I have been
called upon in a great many instances to inspect
plants which were having a high accident fre-
quency and in the majority of cases 1 found that
the accidents were caused by poor lighting. In one
special plant in Buffalo, we recommended the
changing of the lighting equipment, with the result
that the machine accidents were reduced to a
minimum.”

9. “Good lighting is an accident prevention aid.™

10. “Our impression of good lighting as a
Safety Factor is beyond question am that poor

Lighting is unquestionably a hazard which should
he safely guarded against in all industrial plants ”

11. “We have a very definite impression that
poor lighting is an important industrial hazard.”

707064
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"o further prove that the accident rate increases as
fighting fails is shown graphically telow.
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Not only are accidents the result of insufficient lighting
alone, but quality of light as well. Glaring light sources and
harsh shadows on the work are contributary factors in causing
accidents. A. Paulas (Westinghouse Lamp Co.) states:

*Every time a person glances from a brightly
lighted area to a dark area, the muscles of
the eye must act to change the size of the
pupils. This continued change results in
eyestrain, fatigue, headaches and finally
accidents.®

COOPER HEWITT light is composed of rays which promote
maximum visual acuity with the greatest of ease, thereby reducing

eyestrain, fatigue and accidents.

Obviously, the primary purpose of industrial lighting is to
enable workers to see. Yet simply increasing the quantity of light does
not necessarily result in a corresponding increase in seeing power.
Improperly applied increased intensity of light may actually be more
of a hindrance than a help. Nor can best results be obtained without

careful attention to the guality of illumination.
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PREVENTION OF ACCIDENTS

In general, accidents are preventatle to a larje extent
if the following conditions prevail.

I. Proper lighting.
2. Good eyesight.
3. Good health.

The first condition is simply a combination of the qualities
listed on page 5, namely: Shadowless - Glareless - Sufficient
light. The second depends upon the individual. 1f a worker has
defective eyes he should be required to visit an eye specialist
in order to remedy the defect present. Many concerns are
rendering services to the employees for the care and correction
of their eyes. Such practice is indeed to be encouraged.

Sanford DeHart (Director of Hospital - R.K. LeBlond Machine Tool

Co.) writes:

NDUSTRIAL eve injuries are costing industry a
Iprodigious sum each year. Eye injuries cost New

York State in one vear $1.000.000 for compensation,
and Pennsylvania has not fared much better. as this state
paid out 3800.000 for the loss of evesight due to industrial
injuries in one vear, and more than $8.000.000 since the
enactment of the State Workmen's Compensation Act.
Pennsylvania. and of course this means the employers of
the state, has paid out more money as compensation for
loss of eves than for al! other accidents combined. Three
hundred and five eve losses cost the state of Pennsyl-
vania in compensation as much as it would cost to com-
pensate for 133 lives. The National Committee for the
Prevention of Blindness found as a result of its recent
survey, covering practically every industry and state n
the Union, that the annual loss to industrv through eve
accidents -exceeds $23.000.000.

He also conveys the following important information in
regard to light as an aid to seeing:

*paychologists tell us that dlue Ilghts are best fc- closc work; rod s
proferrad for distent objects, and ordinsry white for ali-iround work,
Nur own experience has been that many obstinaty inflammatory oye
conditions smony our empioyees actunlly Improve ehlle working under
COOPER MEWITY lights. There is rcason for this in that a grewn Or bdlue
light rolaszas the cye, rather than strulning it.*
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The lact corditicon is, of course, very important. The

healthy perscn is stronger anc can endure the harcships cf
life more successfully than an unhealthy person. Healtthy
peccle are content and happy, which has a direct tearing
upcn industrial efficiency.

The Traveler's Insurance Company issued the following

statement:

*Adequate illumination decreases the
frequency as well as the cost of
industrial accidents. 1t helps to
conserve the health and promote the
comfort of industrial workers.®
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The rapid progress of modern industrial lighting considers
not only itllumination but also certain health rays teneficial to
human teings. These health rays are identified as sun rays or
ultra-violet rays. The medical profession warns the putlic to
avoid the use of ultra-violet light treatment for certain
diseases. The advice of a physician is absolutely necessary in
the case of the treatment of diseases, since the manner of
application must be thoroughly understood. These are extreme
cases only. The value of ultra-violet light received in
moderate dosage, as in the case of sunlight, is of a health-protect-
ing and health-building nature.

DUAL PURPOSE LIGHT

Sunlight, of course, is composed of various wavelengths as
given by its spectrum., The lower wavelengths in the region of
the violet part of the spectrum are known as ultra-violet rays
of light. The wavelengths in the region of the yellow ang
green bands are the visible rays of light. Since the ultra-viclet
are health rays and the yellow-green are visible rays, both are
important considerations of an industrial lighting system. The
term generally applied to this consideration is known as
dual purpose light,

It is definitely known that the ultra-violet rays of sunlight
are health giving rays. As a matter of fact, these rays have
been shown to be tied in with the production of that food
constituent, known as vitamin D, so valuable to the building up
of the human body. The present generation seems to have
changed its diet, mode of living, and general habits to such an
extent that a sufficient supply of vitamin D is lacking. Perhaps
this is a broad statement, yet we have been admonished to live
more outdoors, thriving on fresh air and sunshine. Consider the
amount of sickness, such as acute coryza, bronchitis, la grippe,
rhinitis, influenza, incipient tonsilitis, in the winter as
compared with the summer, The reason illness is more pronouncea
in the winter is due to the fact that most people are not
exposed to the sun's rays in sufficient amounts, thereby lacking
the required supply of vitamin D necessary to the body.
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PRODUCTION OF ULTRA-VIOLET RAYS

The most common sources of producing ultra-violet rays
artificially are with the carbon arc and the mercury arc. The

carbon arc will not be discussed since it is not a dual purpose

lighting source. The mercury arc, in producing ultra-violet
rays, gives wavelengths far lower than those of direct sunlight.

The mercury arc spectrum cdiffers somewhat from that of the
sun as shown by the chart below. The spectrum of the mercury
arc is non-continuous or a line spectrum, while the sun forms a
continuous spectrum, from deepest red to deepest violet.

m«;rﬂc Catfin |TI |z»|rmTlunlmnTn||l|ll|T|mllummhummhummb“wthnhhT»l P L :Z.N"
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R T IR ERRER T EY T'luii‘n‘;ul!chmvhm"mrl. Locd g pda i gd ol fe oo o - Sweammmel Aty

Specira of Sun and of Cooper Hewitt Lamp
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Jltra-violet rays are not transmitted through all kinds
of glass. As a matter of fact, ordinary window glass transmits
ultra-violet down to the wavelength of only 315 millimicrons,
Hausser and Vahle show that the erythematic effect at this
wavelength is of no practical value. The ultra-violet given by
direct sun is about 230 millimicrons at the lower limit. The
erythematic effect is a maximum tetween the limits of 220 and
200 millimicrons.

Special glasses are made to transmit ultra-violet to the
extreme limits of the so-called vital spectrum, down to
wavelengths shorter than 200 millimicrons. Referring to the
spectrum chart, bright lines indicate spectral value (quality
not quantity) of ultra-violet. To utilize the mercury arc
radiation to the fullest extent a glass known as quartz is
used. The various lines of importance may be read as follows:
253, 265, 209, 296, 302 and 313 millimicrons. There are
actually many more arc lines than shown but they are appreciably
weaker than the six here listed. These lines lie entirely
outside the range of human visibility., The other lines shown
by the mercury arc spectrum are, of course, within the range
of human visibility. When working with the mercury arc in a
quartz tube, such as are used in the COOPER HEWITT UVIARC lamps,
extreme care must be taken to protect the eyes from the
invisible but injurious ultra-violet radiation. Goggles using
ordinary window glass would serve to filter out these
injurious rays.

ULTRA-VIOLET TRANSMISSION THROUGH GLASS

it would naturally be dangerous to use quartz glass for
ordinary industrial areas. It is possible, however, to vary
the amount of ultra-violet transmitted, by using special
materials in the manufacture of glass. The special hygienic
glass tube now used in COOPER HEWITT lamps transmits ultra-
violet in an amount and an intensity of about one-twentieth of
that tranesmitted by quartz glass of considerably smaller size,
such as used in sun-bath lamps. The appreciable lines on the
spectrum chart are 289, 296, 303 ana 213 millimicrons, for this
hygienic glass tube.
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Traasmission of Lamp Tube Glasses.

RELATIVE ENERGY - COOPER HEW!ITT AND DAYLIGHT

The relative energy of
:: pe :: 1 direct suntight, under
. w0 ; ideal conditions is given
i ™ , in graphical form, and
o * : ! shows that there is no
R . L radiation shorter than
u u L+ | 290 millimicrons. When
sof—— " T passing through window
i ° ] glass the ultra-violet
0 3% 30 0 30 W0 % 0 - E) . .
| mmame = LI ————— energy is considerably
w — — reduced as shown by the
" T I graph. The erythematic
I I effect of direct sunlight
&'%2.,.’;‘ NSRS s s and when passing through
S E————— T window glass is also
represented in the graphs.
So small is the erythematic effect when sunlight passes through

ordinary glass windows that it may be considered of atsolutely no
value as far as health rays are concerned.

The glass used in a standard COOPER HEWITT lamp produces only
slight erythema. Some benefit might result in cases of
exceptionally lon)y exposure. During the past b or & years, many
experiments with the standard COOPER HEWITT tamp have been
conducted, using animals as subjects to determine the health

giving effect.
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However, best results for
‘ transmission of beneficial
228 : ; health rays as well as
: visible light, is obtained
by using the hygienic
glass tubte, the ccst of
which is only slightly
higher than the standard
glass tube. The ulitra-
A T violet transmitted compares
T e S T L with that of average
= ——T T « - } outdoor June sunlight and
n ‘ ri T " will not harm the eyes.

s ! s
|

IBEE | B EEpEEEER o ]| Wavelength alone does not
e AT TRE e e T oS determine the value of
TR mh——— TR m— vital rays of a light
source. The intensity
or energy of a wave
is very important when considering hygienic effect. The intensity
or energy of a wave is greater when the trightness of line is
greater, as shown by the spectrum chart. Ffor instance, the amount
of energy in the 310 line spectral region, of the COOPER HEWITT
lamp, is greater than that in the 235 to 300 region. This is
shown by the fact that the 310 line is brighter than those
represented by the 205 to 300 lines. The graphs above give a
quantity comparison of the energy in different wavelengths and show
the hygienic effect of each. The waves of 310 millimicrons possess
much more energy than those between 235 and 300 millimicrons, tut

the hygienic effect resulting is considerably less.
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It 1s, therefore, interesting to ncte that tte waves in thre
210 line spectral region have a large amount of energy to make
up for its weaker erythematic effect. The waves within the
region 235 to 200 miliimicrons, while comparatively weak in
intensity are very strong in erythematic effect. This is also
true of the sane wavelengths in sunlight,

To provide for a health-promoting system of illumination,
the illuminant must possess the characteristic of producing
ultra-violet rays and a glass to transmit a given quantity and
quality of these rays. The COOPER HEWITT HYGIENIC lamp produces
an effect like that of average mid-summer sunlight with the same

exposure time,
NATURAL AND ARTIFICIAL ULTRA-VIOLET SOURCES

Intensities of illumination necessary to deliver equal
total amounts of erythema-producing radiation throughout four
different periods of exposure, have been determined by
Dr. Luckiesh, and is presented in tabular form as follows:

SOURCE FOOT-CARDLES
One Teo four Eight
Hour Hours Hours Hours

Suntight plus Shylight

l. Mldday sigsuamyr 3000 1900 1%0 318
2, Midday equinox 1900 3500 1750 ars
Migheprcssury mercury arcs
Y. Quartz myrcury arc [Aew! 5 3 2 1
W, Quartz murcury arc (2000 hours) 12 [ 3 2
Corex O fllitar, 0.8 ma 21 11 [ 3
with 888 fliter, 0.6 mm 23 12 s 3
With 690 fliter, 0.9 mam 38 28 14 ?
LO® prossurc mercury arcs
5. Tuve of a8 glass 96 “8 2 12
With porcalaln roflector 18% 93 LY 23
6., Tube of 690 glass 150 7% pL 19
with porcelaln roflactor 29) 1%é 13 3?7
Sunlight (Type S=1) lamps, oxidized
sluminue rvfiector,
7, Aavarage Corex O bulds 67 13 17 9
8, Average 690 suids 106 53 27 13
Tungsten=filamont lamps, 310 deg. K,
9. Buls of 888 glass 2400 1200 400 100
10, Cores D buld 1680 840 .20 210
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VARIATION IN SUNSHINE THROUGHOUT THE YEAR

The average variation in hours of sunshine and darkness
during the 24 hour period throughout the year is shown bty the
following graph,
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Mr. F. Paul Anderson prepared an interesting chart entitled
Suns and Skulls. Note the variation in rate of mortality as
sunshine diminishes. |t almost follows the darkness curve on the
atove chart.
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VITAL RAYS A HEALTH MEASURE

Since mcdern mode of living has changed somewhat, as
comparea to times prior to our machine age, most people are
rotbed of ultra-violet radiations required to sustain good
health, because they live in smoky and dusty cities and factory
towns. Smoke and dust filter out the vital rays of the sun to
a great extent. Even those who live away from these conditions
are usually no better off since they work in offices and buildings.
Here again the vital rays of the sun are lacking even though many
windows may bte at hand. Thus, a great proportion of people,
particularly factory workers, have reached a point where a
continued lack of exposure to ultra-violet radiation may affect
their health,

Many factories have installed dual purpose lighting in the
past few years and report astonishing results. Sanford DeHart,
director of the hospital department for a large machine too!
company, pointed out several interesting facts recently in regard
to electrical therapeutics in industrial plants. He tells of an
economic study of colds made in Boston, Massachusetts, where it
was estimated that colds cost more than $20.00 per person.
Another survey made by competent authorities showed that ordinary
colds cause a direct money loss to wage earners in this country
amounting to $72,000,000 a year. The United States Public Health
Service made a recent survey and found that colds caused a time
loss equivalent to 1.4 days per year for every man on the payroll
and 2.1 days for every female emgloyee. Colds were responsible
for 33 per cent of all absences among men and 3| per cent among
women,

PROVING THE VALUE OF VITAL RAYS

The efficiency of ultra-violet treatment in the prevention
of colds is illustrated by the work carried on at the Cornell
University, where, many experiments have been conducted by
Dr. Dean F. Smiley and Dr. George H. Maughan, for more than
three years., The test was conducted by segregating the entire
male student body into various groups, dependent upon their
susceptibility to colds. Twenty-five per cent of each group
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were exposed to ultra-violet rays at definite intervals of
time cduring a week, Of each group treated, a recduction in
cclos of 42 per cent was ncted as compared with similar
susceptitie groups not treated. Other research work of
importance has teen done by the Basic Science Research
Latoratories of the University of Cincinnati, under the
direction of Prof. George Sperti; and ty Dean F, Paul Anderson
at the University of Kentucky.

Many other experiments of a similar nature to those stated
atove have teen carried out and are at present being conducted
to show the actual value of ultra-violet as an aid to health,
Sanford DeHart covers the entire situation of dual purpose
lighting in a single paragraph as fcllows:

'for the past two years we have been experiment-
ing in the shop with a new COOPER HEWITT light
tube which has a glass tube transmitting 2650
Argstroms (265 millimicrons) or the same registra-
tion as June sunlight. Tests made in our shop
over a period of several months show that the
ultra-violet emanated from these lamps has caused
an appreciable decrease in the number of atsences
due to minor illnesses, in aadition to furnishing
excellent illumination. Because the industrial
worker is confined at his work during the entire
period when he might otherwise receive the sun's
rays, we consider this an ideal combination, in
which the vital health quality is aaoed to
industrial lighting.®*

This health~promoting system of illumination can be
easily and economically installed in any industrial plant.
In plants already illuminated by stancard COCPER HEWITT
famps the change to this modern system of hygienic lighting
can te made overnight., The COOPER HEWITT system is, indeed,
the only il{lumination system that can be changed on short
order to provide hygienic lighting.
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THE COOPER HEWITT HYGIENIC LAWP

In factories, mills and workshops all over the couniry
ang atrcaa, COOPER HEWITT light has long been recognized as
BETTER THAN DAYLIGHT as a light to see ty. There are two
reasons for this; one tecause of its superior quality and the
other because of its steady light output 24 hours a day.

COOPER HEWITT is now becoming recognized as BETTER THAN
SUNLIGHT because of its health giving rays through the use of
special glass tubes. It is better than sunlight tecause ot
its ease of instaltation in factories, and greater vital ray
effect than sunlight passing through windows. It is available
whenever needed during the 24 hours of the day.
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Distribution—Visual aad Vil Ultrsviolet.

The COOPER HEWITT HYGIENIC lamp is not an experiment.
Qeveral thousand lamps have been installed both industrially and

commercially with gratifying results. Even schools and educa-
tional institutions have set up solariums as an aid to students.
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The expression BETTER THAN DAYLIGHT has long teen used as a
slogan for COOPER HEWITT lighting. Actually any artificial
lighting system is better than daylight when considering the
fact that daylight as a source of illumination is restricted to
a certain numter of hours in a 24 hour day. HYowever, the
expression refers to quality of light rather than the time or
numter of hours available.

WAVELENGTH - A UNIT OF MEASURE

The measure of efficiency of any light for seeing depends
upon its wavelength., Daylight is considered as light contained
within a range of wavelengths by which the eye can see. This
is sometimes referred to as the visible spectrum and has a range
of wavelengths between 400 and 700 angstrom units or .40 to .70
microns. The micron is a scientific unit of length ecual to one
one-thousandth (.001) of a millimeter. The angstrom unit s,
therefore, one ten-millionth (.0000001) of a millimeter.

Day!light, with its range of wavelengths between .40 and .73

microns, consists of seven primary colors, Making up the solar
spectrum:

COLOR WAVELENSTH

Violet 0.39 to J.42
Blue 0.43 to J.47
Green 0.47 to 0.53
Yel low J0.83 to 0.53
QOrange 0.52 to 0.%82
Red 0.62 to 0.77
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Some ccnception of the wide range of wavelengths used in
cresent day activities is given bty the sketch telow:
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VISIBILITY OF LIGHT WAVES

As previously expressed the eye is sensitive to certain rays
in the visible spectrum. Mr. Henry Schroeder (Incandescent Lamp
Cepartment) very clearly explains this as follows:

*Tho amount of anerjy within the visibie spectrum Is not nccossarily N
indicative of the candiepower of tho tight, as the eye Is Aot cquailly
sensitive to the varfous wevalengths within the range 0,4 to 0,76
alcrons, A givan amount of cAcrgy at the wavelength 0.%56 microns
(a yollow—graen color) affects the eye morc than the samo amount of
encrqy at elthar the wavelength 0,510 sicrons (& d»lue-grecn coior)
or 9.41C microns (an orange colori, Thus tha candiapower of teo
1ight sources, having rolatively diffurant dlistrivutions of energy at
various -lzolan;\hl, will not nocessarily ve In proportion to thair
total anergy within the visidbie spectrum, A 1lght source emitting
pregondarance of GREER ARD TELLOW light Jives much more cnndlcpércr
than light sources of the ssme smount of radiant enerjy within the

visible spactrum whlich eaits a prepondarence of bilue or red fight,*

COOPER HEWITT light has a preponderance of green and yellow
light, almost 99% ty candlepower measurement. A sufficient amount
of blue is present to keep the eye well balanced or sensitized for

keen vision.
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COOPER HEWITT light is the ideal light tecause of this
perfect balance. It permits workers to focus on detail with
greater ease, thereby increasing sharpness of vision with the
desired outcome of improved quality of merchandise and
increased production. No other light, not even daylight, wilt
illuminate vertical surfaces and penetrate into niches and cavities
with the detail revealing effect as will mercury light. Nor will
any other light produce maximum visual acuity and conserve the
energy of workers with the same degree of efficiency as

COOPER HEWITT light.

WHITENESS OF MERCURY LIGHT

The fact that the color of mercury light is distinctly bluish
affords an impressive demonstration of the difference between the
brightness effect of monochromatic light and its coloring power.
The 14 percent of blue and violet is sufficient to over-balance
the 883 percent of yellow-green in coloring power. The colors
of the four bands constitute two pairs of complementaries; blue
and yellow, violet and greenish-yellow. So nearly are these
.matched. that the color of the light is very nearly visual white.
The general effect by mercury light is therefore one of cool
w'iiteness.

This mental sensation of visual white is, likewise, important
because of the excellent way in which mercury light blends
with daylight. When COOPER HEWITT light is used with daylight
one scarcely realizes the waning of daylight - workers keep race
with production requirements day or night.

CONTIMUOUS PRODUCTION RESTS ON UNIFORM LIGHTING

COOPER HEWITT light is the only industrial illuminant that
can furnish an unvarying intensity every hour of the twenty-four.
Here are a few reasons why this is true and several prominent
users who have found it to be true,.
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Because— it blends perfectly with daylight

Sundown neser means sl wdowa na Conger few it

ngtted riant The sirnev o vesal aeliowes r3as
serve ~en d mratalvres, Wien 2.0
s Cownodnd the Batts come oan, wothmen 0 met

Antice tre ttans o, Their seeing powces oo noowsy
dimiintymed. And at mant when Cowrer Hew 113 mave
the Se'd all te themseives, oth quaty anz guantty
of production are as gocd as, or better than, the daviieht
production.

Boo-mTe Because—u throws an even light over, around and
inside the machine

Men workine inder Cooper Hewitts do n~t ancw what
it is to have "ty much” light in cne plaze and "ot
ennugh™ in ancther. The dlluminaticn from the ne
tubes bathes every machine and gets down inside com-
rlex working mechanisms just as evenly. Eves are able
to hold their focus: pupils do not have to expand and
contract constantly. This one advantage alone ef-
fectively reduces evestrain.

A TUDDAY LeCk

Because—- its detail-revealing quality ﬁer‘mits uniform
inspection — day and night
This is the feature which usuaily has the strongest
appeal to manufacturers making their first acquain-
tance with Cooper Hewitt. They quickly find that
Cooper Hewitts automatically “tighten up” their in-
spection, and notice that this holds gnod on night as
well as day shifts. The pecubar ability of Cooper
Hewitt light to magnify small detail makes defects
which are usually invisible stand out sharp and clear.

CHRYSIFR
P A

Because— it eliminates all eye-strain and removes the
chief cause of defective workmanship

Everybody knows that “green is good for the eves.”

but Cooper Hewirtt has more than color in its faver.

The complete freedom of strain that Cooper Hewitt

provides is the combined product of several other dis-

tinctive features—such as perfect diffusion, absolute

- . glarciessness and total absence of the hot, fatizuing

AC 3P\RK PILLG red rays found in all other light. FISHER RODY

Sew:ng tanies

JpCaLmicier sarem. By

Thousands of COOPER HEWITTS are used in every department of
the great automobile industry. In no other manufacturing branch
is competition so keen and production tolerances so important.
Because of this, leading automobile
concerns must use the best of
everything, be it machinery or light.
They must have a light of sure
seeing-power, one that enables their
workmen to put the trim along the
inside tops of closed car bodies
with no auxiliary light.
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DAYLIGHT VARIATIONS

Caylight intensities are somewhat variable throughout the
day as shown graphically on the next page. These graphs were
taken at the Georgia School of Technology and are the results
of daylight intensities from 5 A.M. to 6 P.M, on three
different days with conditions as follows:

i. Normal clear day
2. Cloudy day
3. Dull day

On clear days with a proper arrangement of windows,
intensities within a plant may be suitable to carry on work,
When the day is cloudy and the clouds frequently pass by the
sun, intensities are so variable in such short spaces of time
that it is quite difficult for workmen to see clearly. On very
dul! days artificial lighting is necessary.

Many of the larger cities in the United States have
accumulated and compiled data in tabular form showing the
number of clear, cloudy, and dull days in each month of the
year. The average number of clear sunshiny days is in the
neighborhood of 50%. The remaining days are cloudy and dull,
making intensities on the working plane either objectionable
or insufficient.

Since COOPER HEW!ITT tight blends so perfectly with daylight
it can be used to straighten out the sudden dips of daylight
intensities on cloudy days and provide sufficient well balanced
light on dull days. Herbert Chase remarks:

“t1 Is characteristic of the Fore organization, es of many other progressive
concerns, that it does not sllow such variablies as weather or time of day to
interfere with the stendy march of production. Daylight, for exemple,
though smployed when avaitadbte and where its use flts In eith tne production
progrem, is not a primary conslderation. There Is no crampling of the progras
to make It conform to the vageries of seather. Ford dulidings are designed to
confore to production requirements, and provision then is made to assure
sdequate and good-seeing 1ight without regerd to weather, ssason, or tlee of
dey. The perfection of modern {ighting systems has made this pollcy possinie

707084
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THE DAYLIGHT BUILDING

The daylight building or one having wincows to furnish
light in working areas requires special attention. Best
daylight is obtained with overhead windows which add
considerably to the expense of a tuilding anc are either
restricted to top floors or single-story construction,

When planning on daylight for production, many important
factors must be considered and its reliability and economy
thoroughly checked. These factors are:

{. Geographic location.

2. Atmospheric.conditions.

3. Cost of skylights and side windows.
4., Skylight and window maintenance.

5. Heat loss through glass and sash.

Such a check will reveal that daylight is not free but
has its operating costs just as any other lighting system,

The maintenance cost of washing windows varies in amounis
from 4 to |4 cents per square foot of window area. A
superintendent of a large motor truck company reports that the
average window bill in his plant, teing cleaned on a year's
contract basis of 5/8 cents per square foot, amounts to an
average of $2200.00 a month,

L.L. Holladay (National Lamp Wcrks)

made a very careful study of the
cost of lighting industrial
tuildings and finds that a monitor
top building costs $5.42 per

1 ’ 100 square feet of floor area to
neat loss through windows heat. Thus a bui Idan 200 feet
square would cost a total of

$2168.00 for heat losses due to windows.
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DAYLIGHT VALUES {N BUILDINGS

T2 time ago the |, E.S, Transactions published data
o trhe typical falling off of daylight values in buildings
w1t~ varicus heights and with a monitor top.
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Curing daylight hours ample light may be provided near windows,
but the intensity rapidly falls off toward the center of the

tuilding.




-
J

DETTEN Taag i

A well known architect made a test on the intensity cf
daylight in a modern multiple story tuilding and founc that
sufficient daylight for gocd work was availatle onl; 14 feet
from the windows on each sice of the building. He stated
that:

A BUILDING MORE THAN 20 FEET
Wi1DE WAS NOT WELL DAYLIGHTED

Unless good lighting is used in the center of the building it
it only good for storage space - - the rental value is only
worth one-half to one-fourth that of well lighted sections.

H.S. Jacoby (H.K. Ferguson Co.) remarks:

"700 much dopengance shouid not be placed upon slde mait! sindoms
for lighting wide buiidings. The jlare from s targe srea of
ginss cauvses eyesstrain ana fatijue, Additionst light through
vae-tooth or monitor windows must supplement sidevall {llumination
30 that thy ratio between saximum lllvmination at the side of the

bullding and minimum illuvaination in the interlior shall rot excyed

3 to 1.°

whatever may be said about daylight, as far as lighting
derartments of manafacturing plants, it is only availatle
atcut 25% of a 24 hour day. The charts below show how little

daylight is available over a period of a year.

N
e HRS. Y . 8. RS
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FIVE-FOOT SKYLIGHTS

Many attempts have been made to rzach the ideal of daylight
illumination within buildings by installing glass ih the roof.
This method cf illumination, however, presents many handicaps
and limitations. In the first place, it is adaptable only to
top floors and single-story buildings. It is wholly dependent
upon weather conditions and of course limited to daylight hours.
Skylights result in higher fuel costs due to tremendous heat loss.
The maintenance of such a lighting system also presents a problem,
due to the great amount of dust and dirt which collects on both
sides of the glass. Thus, the skylight is not an ideal form of
lighting.

Through long experience and practice it has been found that
one COOPER HEW!ITT lamp will provide illumination equal to the best
results obtained from a FIVE-FOOT SKYLIGHT. Therg dre many
advantages in favor of COOPER HEWITT illumination in comparison
with skylight illumination,

Several large manufacturers after discovering the advantages
of COOPER HEWITT light, have changed construction plans of new
buildings. These changes eliminated contempiated skyiights and
specified COOPER HEWITT tight 24 hours a day. These executives
state that savings in heating costs by eliminating skylights
more than pay for 24 hours of artificial light and that the
artificial fight was eminently satisfactory,

Davlight is variable. You can’t count on it. Daylight -
suffers alsoby comparisononitemsof last costand upkeep.
Windows and skyvlights cost money. They are practical
only where conditions are favorable. Theyv are fixed,
not movable. With them, there is no escape from exces-
sive heat loss; and you must pay to keep them spotless

or suffer the far greater expense of depreciation 4h
seeing power.

Cooper Hewite light is better than daylight not oaly
because it is of constant intensity at any bour but
because it is composed almost eatirely of yellow-

green (the best-seeing) rays of light It has none of .‘}.
the glare producing qualities which are hard on the ~1=
eyes. =
As a result, every detail becomes sharp and clearas "
if magnified, vision is more acute and the response ‘i
of brain and hand is more rapid. o
-
Lo
'
i o g

l
|
|
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COOPER HEWITT SKYLIGHTING

Comparing the two photographs telow shows how COOPER
HEWITT light provides skylight illumination at its best.
The daylight conditions are obtained from strictly moaern
saw-tooth skylights in a single-story tuilding while the
artificial lighting is obtained from a modern installation
of COOPER HEWITT lamps.

Two other photographs show how ideal skylight illumination
has teen provided to supplant daylight. The wood-working shop is

in a tasement - - the lighting has been put where it is needed
and the workers are not dependent upon the weather for lighting.
The silk weave room has uniform illumination throughout -~ - the

fack of harsh shadows on the looms and the atility to see each
thread clearly make greater production and better quality
possible,

707030



!

BETTER YImip DaviLtseT

o

ADVANTAGES OVER DAYLIGHT

A few of the more important acdvantages of COOPER HEWITT
Ivzht over daylight may te listed as follows:

No heat loss.

duch easier to clean.

Uniform light 24 hours a day.

Dust and dirt accumulation much slower.

Can be installed when and where needed.

Better visual value at low intensities.

EVERY LAMP EQUAL TC A FIVE-FCOT SKYLIGHT.

Reveal ing power surpasses daylight at its btest.

Can be installed anywhere in any kind of a pfant.

Can be moved to different lccations if occasion demands.
ti1. Always of constant value, evenly and uniformly diffused.
12. Direction of light always under control andg very flexitle.
13. Uniform production regardless of fog, cloudy days or

.C)(DCD\JO)U‘bu)(\)——

twilight.

t4, Detail revealing quality permits uniform inspgection day
or night.

15. At an intensity of 5 foot~canoles surpasses caylight
at its best.

5. At 4.5 foot-candles equals daylight at 10 foot-candles.
ADVANTAGES OF COOPER HEWITT LIGHT WHEN USED WITH DAYLIGHT

Reinforces daylight.

Increases eye sensitivity.

Blends with standard daylight.

Adds considerably to the seeing-power.

Provides higher visibility at point of seeinj.

Blends perfectly with daylight at twilight.

Helps appreciably to increase visual discrimination.
Makes scribe marks on scales and machines more distinct.
Permits clear vision in recesses and shielded places.
Blends so perfectly with daylight that there is no
_contrast either in intensity or quality.

.

OO OUNIIPODO B WN —
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ARTIFICIAL DAYLIGHT

There are few instances when true daylight or ncrth
gaylight is required for accurate color matching purposes.
when such is the case special lighting equipment is required.
There are some instances aiso, when colors must show up with
approximate true values. In this case, lighting may be such
that it is approximately the same or as near daylight as
possible.

Two methods of approximating the color value of daylight
are known:

|. Subtractive method
2. Additive method

The subtractive method is accomplished with incandescent
lamps using a blue glass bulb. When glare is objectionablie by
this method the clear incandescent bulb may be used with a blue
glass diffuser. |In both cases the blue colored glass absorbs
a greater amount of light toward the red than toward the violet
end of the spectrum, so as to balance more equally the amount
of radiant energy at all wavelengths within the spectrum. The
bl_z bulb or diffuser absorbs one-third or more of the total
light emitted by the filament of the lamp.

The additive method uses a combination of mercury vapor
and incandescent light. The mercury vapor being deficient in
the red and the incandescent in the blue end of the spectrum
balance to give a white light. Various degrees of color
effect can be obtained depending upon the amount of mercury
vapor and incandescent light used. Various fixtures of this
nature are available for both industrial and commercial
application.

It is quite apparent that the additive method is to te
preferred from the efficiency standpoint since both light
sources cperate under normal conditions while the suttractive
method requires a filter which atsorts light.

707092
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COST OF LIGHTING INDUSTRIAL BUILDINGS

The report given by L.L. Holladay contains so much
valuatle information that a table containing all the important
features has been prepared for ready reference. This tatle is
set up in simple form btut should nevertheless be carefully
studied so that it is thoroughly understood.

An example of the method of determining the annual cost
per 100 square feet of floor area for artificial lighting,
(Building A), is given as follows:

Uniform intensity on working plane. . . . ... 13 ftlc.

RIM reflectors - 200 watt W.B,lamps- total of . . . 108

Cost of wiring at %$8.65 per outlet. . . . ... 382400
" Cost of lighting units installed at %$4.05 each . . 437,00

Total investment cost for artificial lighting . . .1,371.9C

Total cost per 100 sq. ft. of floor area. . . . . . 12.7C

Based on the above figures the items of annual cost of
artificial lighting used to supplement natural lighting in
maintaining the prescrited minimum of 13 foot-candlies upon the
working plane are:

Interest, depreciation, repairs, taxes, etc. on

wiring, $934.00 x 122 . . . . .« . o v e v e o v . 211200
Iinterest, depreciation, repairs, taxes, etc. on

bighting units, %$437.00 x 212 . . . . . . . « . . . @1.30
Cleaning tighting units six times 102 x 6 x .07 . . 45,348
Lamp renewals, 106 x 651 x $.87/1000. . . . . . . . 47, 10
Electric energy at two cents per kw=hr.,

108 x 851 x 200/1000 x $.02 . . . . . . . . . . .. 22l.24

Total . . . « « « « « « o . . %377.50
Therefore, the total annual cost of artificial lighting s

$577.50 or an annual cost of 35.3% per 102 square feet of flcor
area.
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The following is a list of most important features containec
in the Summary of the report:

[. *#hen the minimum intensity of illuminaticn desired upon
the work-plane is less than about 12 ft.c. or more than 7%,
artificial illumination is the more economical one. Retween
these limits, usually at about 38 ft.c. the combined cost
of natural and artificial illumination per ft.c. per hour
attains a minimum.*

2. 'The investment cost of heating equipment to supply heat
losses incident to windows varies from $.32 to $.45 per sq.
ft. of window surface for buildings having side windows
only, and from $.41 to $.59 for buildings having windows
in the roof also.®

w

'The annual cost of maintaining and operating the heating
system to supply heat losses incident to windows varies
from a minimum of 7 cents per sq.ft. of window surface in
Building A, to a maximum of 12.3 cents in Building C."

4, ‘*Under average conditions the ratio of the initial costs
of matural lighting to electric lighting equipment varies
from 2.25 for a single-story flat roof building to £.2
for a sawtooth building.*

5. *Under the same conditions the ratio of the annual cost of
natural lighting to the annual cost of electric lighting
varies from 1.09 for a single~-story, flat roof building,
to 4.03 for a sawtooth building.®

6. "1t appears that a practice of washing windows less
frequently than twice a year is uneconomical excepting
when the minimum intensity of iltlumination upon the work-
plane is maintained at less than 10 ft.c.®

7. ‘*When determired merely by the cost of lighting, it apgpears
from these results that for any type of stancard btuilaging
investigated and operating under average conditicns that
no appreciable expenditure for natural ligrting equigment
is justifiatle when electric Pnergy can be purchased as
low as 1.4 cents per «w.-hr,
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WINDOWLESS FACTORY

In many cases wirgows are a menace to btoth enmployses ang
erplover. The employee does rot terefit materially from the
fact that windows are present., Neither light, heat, ncr
ventilatiocn are properly obtained from them, moreover, sunlight
is atsolutely of no benefit to workers coming through the glass
windows.

The windowless factory is by no means a dream. The
photograph telow of the Blandin Paper Company's mill, (Grand
Rapids, Minn.) is only one of many windowless buildings now ir
existence. Heating, ventilating, and lighting systems are
scientifically engineered and controlled. |In addition to this,
COOPER HEWITT lamps are equipped with special glass tutes
which emit health-promoting ultra-violet rays equivalent to the
ultra-violet radiation of average June sunlight. All this may
te considered as improvements on Nature and further, proves
that:

Cooper Hewitt
is
“better than daylight”

" NO WINDOWS HERE :

= ..YET EMPLOYEES :
ENJOY BETTER

THAN  DAYLIGHT

-. T!’lun' l'r'/li(':l,' o

B N P Y R
i

s
N
ey e

C - At ‘.A ot
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At Fitchturg, Mass., stands the mighty wincowless factory
of the Simonds Saw and Steel Company. Its austere teauty has
attracted many thousanda pecple and ail proclaim that the light
within the enclosing brick walls, matches that of sunlight.
There are 720 fixtures in which mercury vapor tubes are combined
with incandescent lamps. Mr. Gifford Simonds desired lighting
units that would give the nearest approach to daylight in order
to remove from the minds of the workers the consciousness that
they were working without the benefit of daylight. Here then,
is a 'contrglled-conditions' plant which relies not upon Nature
in any way -- not even daylight,

The Wallingford Steel Company, to avoid the suspended dirt
and gas that filters into office space through windows, have
moved into their new office tuilding where glass plays no part
in the side wall or overhead construction. Not only is the
interior immaculately clean and temperature under better control,
but the partitions are thoroughly insulated against external
noises. Again the system of artificial tighting that would
simulate daylight in effect was demanded, namely, a combination
of Mercury-Mazda.

The famous Hershey Chocolate Company have tuilt a windowless
structure for their new office tuilding. Standard COOPER HEWITT
tubes again are combined with Mazda to produce daylight iltlumina-
tion. A total of 150 fixtures provide office workers with light
that eliminates eye-strain and fatigue.

The trend toward windowless buildings will gain impetus as
the pioneers like Blandin, Simonds Saw, Wallingford, Hershey and
others, prove their value. The above examples are strictly
modern conceptions of lighting and the ®*plant of the future®.
Within this 'plant' is assured a definite quantity of fresh humid
air, the temperature always constant, health rays in just sufficient

quantities and light that will never vary throughout the day. These
are truly humanitarian aspects in wrich the mercury vapor lamp
will be a most essential element tc the health and well=being

of future genaraticrs,
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COOPER HEWITTS are usec exclusively ir the latcrator,
where the world's most accurate gages are made. Sc accurate
are these gages that
they measure one one-
millionth cf an inch.
For many years COOPER
HEWITT lamps have been
used exclusively by
C.E.Johansson, inc., in
the Gage Department in
Ford's Laboratory
Building (Deartorn).
This laboratory is in
an isolated section
where caylight is not
available and where temperature is held constant throughout

the day.

The Johansson Gage Department is just another typical
example of the "better than daylight®' quality of COOPER HEWITTS.
The very qualities that make mercury vapor light so satisfactory
for this exacting "gage® work, make it ideal for all types of
manufacturing operations -- even where windows are excluded
and daylight is not available or desired.
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There are only two types of incustrial lighting availatie
at present, whicn can be consicerec competitive ---

. Mercury
2. lIncancescent

Nct many years ago there were other forms of light populariy
used, such as carton arcs, glow lamps, carton incandescent lamps,
and many others. COOPER HEWITT lamps have competed with all
these light sources which are now practically forgotten. As a
matter of fact, vacuum, gas and nitrogen filled tungsten lamps
may te includea with this list; even daylight is less thought
cf, by virtue of the fact that fewer windows, as well as windowless

factories are tecoming more common,

THE PASSING OF LIGHT SOURCES

A few of the most popular lighting units employed in American
industry are shown telow,

SUTpe

1784 /1820 1886 8BS0

AZ \ [ N L\
,9/0 19/6 9/8 920 825
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All tut the last two have passed into oblivion, Fricr tc
1220, toth incancescent lamps and reflectors were reiatively
inefficient. In order to control the design anc efficiency of
reflector eauipment the "Reflectcr and Lamp Manufacturers®
drew up a set of specifications recommending a specific shape
for enamelea stee! reflectors for low bay mounting. These
units have since been known as RLM reflectors.

The demand for higher intensities of illumination in the
next few years found the RLM refliectcr to be too dbrilliant fou
comfort and otjectionable shadows were cast on vital points
where seeing was required.

In 1625 the RLM Dome was modified to include a diffusing
glass globe around the incandescent famp, in an attempt to
reduce the intrinsic brilliancy and soften shadows.

MODERN INCANDESCENT REFLECTORS

RLM Standard Dome

ARJ~-100 watt |amp.

{2 inch diameter

14 ' ' - - - - 150 ' '
16 ' ' - - - - <00 ' '
IR ' ' - - - - 300-500 ' '
20 ' ' - - - - 750-1500 '

Standard Glassteel Diffuser

I8 inch diameter - - = - (50-200 watt lamp
20 ' ' - - - - 300-500 . .
24 ‘ ' - - - = 750-1500 * .

Prismatic Glass Reflectors

Furnished in various sizes and styles
depending upon area to be lighted.

Silvered Glass Reflectors

Furnished in various sizes and styles
depending upon area to be lighted.
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Marufacturers of refiectors have mage chanjes in desijn
of eauipment frequently, to keep up with the change in jeneral
ccrstructicn cf the incandescent lamp. Fadical chanjes tcok
piace atout every = years since I835.

CCOPER HEWITT lamps in the past 30 years have unaerjone
slight changes in reflector cesign and refinement of auxiliary
parts. The principle of light emission, however, has never
changed. It has maintained its high efficiency throughout t-e
many years and still remains unchallenged as the most desiratie
light from the stancdpoint of:

Being glareless

Being shadowless

Promoting maximum contrast

Providing greater seeing-power
Highest visibility at point of seeing
Reducing fatigue

Increasing eye sensitivity

Feing easy on the eyes

MM N A WD —

110 V AND 220 V INCANDESCENT LAMPS

The 110 volt incandescent lamp is considered as standard
for ti, ting circuits. Very often 220 volts is preferred with a
substantial saving in wiring costs. Recently R.L. Zahour,
(Westinghouse) stated in an article published in the Electrical
Record, the advantages of the 110 volt lamp over the 220 volt
lamp. These are briefly outiined as follows:
|. Decreased lamp cost (20% less for same wattage).
2. Higher light output (23% higher for same wattage).

3. Better performance (filament approximately twice
diameter of 220 volt lamp).

4, Filament more rugged (less likely to be troken).

5. Ease of ottaining replacements.
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Bhile the incancescent lamp is a comparatively simple
gevice, there are many precautions that must te observed in

seiag wtem incustrially,

folicws:

COCPER HEWITT

10.

11.

12,

13.

14,

Don'ts for Mazda Lamps

. Don’t use lamps in reflectors designed for

smaller lamps.

. Don’t expose ordinary lamps to severe vibra-

tion or heavy shocks.

. Don't use lamps rated at a higher voltage than

the circuit.

Don’'t use unprotected lamps where breakage
may cause an explosion.

. Don't use gas-filled lamps (60 watts upward)

exposed to rain or snow.

. Don’t use ordinary lamps for color matching

without an auxiliary filter.

. Don't use 220-volt service for extension cords.

. Don’t use 220-volt service for lighting when

120 volts can be used.

. Don't use the special mill-type lamp for vibra-

tion service in other than the base-up position.
Don’t use any white-bowl lamp base-down.

Don’t expect a regular PS-bulb lamp to give as
good service base-down as base-up.

Don't unscrew a large-wartage lamp from its
socket while burning.

Don't immerse a lamp bulb in water when
washing it.

Don’t keep a blackened lamp in service.

[

lamps operate on 110 voit or

Some of these have teen listed as

220 volt circuits

with the same characteristic of high efficiency and operating
performance in either case. There is no filament to burn out or
tecome broken and the replacement tutes are the same on either 110
or 2220 volt service, since an auto-transformer supplies same
voltage values to the tube terminals. Point 14 is the only serious

‘acon't"' to observe

with COOPER HEWITTS.
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PROGRESS OF LIGHT

perating cost of various lighting units tased on the
eg is indicated telow.

cwer rating

12C Tallow candles giving

130 ¢c.o. for 1000 hours
would cost. . . . . . $1530.0C

Original Edison Lamps would jJive
120 c.p. for 100C hours
at a cost of. . . . . FZ.78

Modern 100 w Mazda Lamp giving*
130 c.p. for 1020 hours
would cost. . . . . . 2o

Modern COOPER HEWITT producing **

120 c.p. on the tasis of 1200 hours
would cost. . . . . . .50

100 watts x 100D hours = 100 kw, @ 2¢ = $2.00
plus 20t renewal = $2,20

Standard 450 watt COOPER MEWITT produces 89) Cepoy
approximately 1/7 of a lamp, then would jive the

120 ¢c.p. in the above calculation.
1/7 x 480 watts x 1000 hours = Au,l ke, ® 2¢ = 31,230

Renewat, 1/7 of one tuve for 1020 hours = $0.29
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COOPER HEWITT VS INCANDESCENT LAMPS

Data has teen mace availatle in tabular form showing average
foot-cancle intensities for various spacings and mcunting heights
for toth CCCPER HEWITT and incandescent lamps. From these Tatles
reliatle comparisons of efficiency can reacdily te mace. PRelow is
a section of a rocm showing incandescent lighting units on 10" x [2!
spacings with COOPER HEWITTS superimposed on alternate spacings

that will give the same or higher average intensities.

—
o _EP ouiun @) ] O
—10'
14’ ZO’
-< ;— OT === O |
o’ 20"
i_ |
gz—:o' |o-EP .-ﬁt:__ﬁ__.zo___*+
R MAZDA to:uo:.oourr_c.n. I0'x20' = 200 SQ.FT

O =mazpa ©Q =columN == =COOPER HEWITT

Typical section of shop = = = - - - - - 1200 sq.ft.

INCANDESCENT

16 - 300 watt Glassteel lamps.
10" x 10' centers - - - 100 sq.ft.

3 watts per saq.ft.
I3 - I8 ft.c. (Franklin Specifications)

i5.5 ft.c. average.
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Ic - 200 watt White Sow! RLV lamps.
IC' x 10" centers - - - 120 sq.ft

3 watts per saq.ft.

15 - 21 ft.c. (Frank!in Specificaticns).
2.5 ft.c. average.

COOPER HEWITT

8 - 450 watt standard 50" lamps

14 x 14 ft. centers (staggered 20' x 13' centers)- 200 sq.ft.
2.3 watts per sq.ft.

21 ft.c. average (G.E. tables).

One half the number of outlets.

One half the initial wiring cost.

Better distribution, diffusion and quality of light.
15% to 35% more light.

3% less wattage.

PRACTICAL COMPARATIVE TESTS

Thousands of practical tests in almost every branch of industry
have +een conducted during the past 30 years, proving that COOPER
HEWITT lamps are not only the most suitable and ideal industrial
lighting units, but also the most efficient. Many examples could
be cited but space does not permit more than two. Both tests
prove conclusively the validity of the comparative figures given
above.

EXAMPLE NO. |

International Harvester Co. (McCormick Works).

Section of Shop = = = = = = = = - - 1220 saq.ft.
16 - 300 watt Glassteel lamps
{2 - 450 watt COOPER HEWITT lamps

COOPER HEWITT INCANDESCENT
5400 watts 4800 watts

4,2 watts/sq.ft. 3.8 watts/sq. ft.
47 foot-candles 2| foot-candles
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EXAMPLE NO. 2

Tennessee Sastman Zorporation

One ¢cf the most extensive tests of a most practical nature
was conductecd at the above concern in the presence of the
Executive-Director, Chief Engineer, Electrical Engineer,
Superintendent and heads of all rayon departments; as a matter
of fact, these men conducted the tests themselves on recommended
installations consisting of Holophane, Benjamin (Glassteel Diffusers
with aaylight lamps), Abolite (Glasstee!l Diffusers with clear {amps)
and COOPER HEWITT lamps.

All lamps were installed side ty side on I0' x 10' centers.

Every conceivatle phase of each type of lighting was care-
fully studied until after midnight.

Results of the tests were approved with the following average
intensities:

. COOPER HEWITT = = = = = = = = - - - 450 watts - - 3 ft.c.
2. Holophane (special) = = = = = = - - 750 ' - - 18 ft.c.
3. Avtolite (Glassteel Diffuser})- - - =500 * - - 16 ft.c.
4, Benjamin (Daylight Diffuser)- - - =500 * - - 10 ft.c.

The COOPER HEWITT watts per square foot were lower than any of
the other systems, yet the intensity in foot-candles was practically
twice that of the best competing system and three times that of the

lowest system.

Everyone unanimously agreed that the seeing qualities of
COOPER HEWITTS were by far superior to that produced by the other
fixtures.

Orders for more than 1000 lamps resuited from these~tests.
Other manufacturers will save time and expense if they accept
the findings of the Tennessee Eastman Corporation.
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DOWNWARD LUMEN COMPARI|SON

L very, interesting comparison tetween COOPER HEWITT lamps

ng LM ana Classteel lamps may be mage by referring to down-
ward lumen output curves of the various lamps.

tuminaire} Lamp | Curve | Downward | Number of Wattage

Size Lumens units required required

Watts to deliver as on the basis
Cooper much illumina- of numter of
Hewitt tion as one C.H. units required
160-39WL | 450 | SK-610-R| 5625
Cooper
Hewitt
{10-9%L 1 385 S-157 5167 160=-9WL 1 [ 110=-OWL 1] 160-9%L 11 110~3WL!
RLM 200 | S-120 2240 2.50 2.30 500 450
Glassteel
Standard 200 | §-120 1955 2.87 2.65 574 530
Glassteel
Daylight 200 None 1285 4.3% 4,20 872 800
RLM 300 | S-121 3970 1.42 1.0 426 360
Glassteel
Standard 300 S-121 3410 {.81 1.66 543 488
Glassteel
Daylight 300 None 2120 2.65 2,44 795 732

The COOPER HEWITT lamp by this comparison gives more light
with fewer outlets and less wattage in every case. There is a
slight gain in wattage with the 300 watt RLM Dome lamp, but the
glare from this lamp would be objectionatle for ordinary mount-
ing heights in production departments. The results computed in
this Tatle are of a theoretical nature, since they are not in-
dicativc of the distribution of the lamp fixtures.

FOOT-CANDLE [INTENSITY COMPAR!ISON

Practical engineers and plant men prefer using the foot-
candle in making intensity comparisons. The COOPER HEWITT
lamp in this respect is far superior to incandescent lighting
as shown by the following Table of foot-candle intensities.
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ABL

raor-comys hrcrsinies INCANDESCENT LAMPS COOPER HEW!ITT

WATTS PER SQ.PT, —
PUBLY SMED DATA OF Tne RLM DOME GLASSTEEL DIFFUSER
siwmn'atcmice. || 00 warrs | 300 WATTS | 300 WATTS | 500 WATTS STANDARD 450 WATT LAMPS
SPACING |HEIGHT || WATTS WATTS WATTS WATTS SPACING | HEIGHT | WATTS

(N PER | FT.C.{ PER | FT.C.| PER | FT.C.| PER | FT.C.| 1IN (N PER | FT.C.
FEET SQ. FT. 50. FT. SQ. FT. SO. FT. FEET FECT | SQ.FT
73 x74| 75| 3.3 | 185]5 2n.5]|5 26 8.0 | 47 |8 xs 7.5 | 7 62. 1
8y x84 | 8.0 2.8 | 15.5] 4 2%5.0 | 4 21 6.6 | 3
9 x9 8.5 | 2.5 | 13.5 | 3.7 | 21,5 3.7 | 19 6.1 | 34 x 9 8.6 | 5.5 | 58.5
3y x94| 9.0 2.2 [ 12.5)3.3 | 20.0]3.3 | 17 5.5 | 30
0 x 10} 9.5 2 1.0 | 3 18.5 | 3 16 5.0 | 28 x 10] 9.5 | 4.5 | 44.3
Lx 1] 0.0l 1.6 9.0 | 2.5 | 16.0] 2.5 | 13 4.1 | 24 x 11] 10.6 | 3.7 | 3a.7
(14x1i4 { 10.5 1.5 8.0 2.3 | 13.5}| 2.3 | t2 3.7 | 21 x 121 1.6 | 3.1 | 23.2
13x 13| 1.5 || 1.3 6.5 1.9 | (1.6] 1.9 | 11 3.2 | 19 x 13| 1.6 | 2.5 | 28.0
134x 135 | 12.0 {f 1.1 5.5 1.6 | 9.5[ 1.6 [ 9 2.7 | 16 x 14] 12.6 [ 2.3 [ eo.n
14ixtad | 125 | .9 5.0 | 1.4 8.6 | 1.4 7 2.3 | 13 x 151 12.6 | 2.0 [ 10,
155x 154 | 13.0 .8 4.25{ 1.2 o 1.2 6.5 2.1 | 12 x 61 136 1.7 ] 6.6
163x 163 | 13.5 .7 3.75] 1.1 6.5 1.1 5.5 1.7 | 1
18 « 18] 14.5 6 3.5 .9 5.5 .9 4.5 | 1.5 3 x B[ 146 1.a] 127
19 x 13] 15.5 5 2.75| .8 45| .8 4.0 1.4 8 x 20| .6 | 1| .3
205x20% | 16.5 4 2.5 .7 3.79] .7 3.5] 1.2 7 x20] 6.6 1 i 1.4
21x213 | 17.0 -- -——-] .6 3.25] .6 3.0 1.0 5.5004 x 24| 16.6 78l .6
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COMPARING QUALITY OF LIGHT PHOTOGRAPHICALLY

A

As far as act.a. vatue of lighting by comparison is concerneg
chotograc s tei t-2 sicry with perfect accuracy. Tre lens of the
camera prc,ects -2 sicture on the film, just as the lens of the
eye projects tnz p.cture on the retina., Thus, in actual practice
it is just as easy :C pick out the test lighted shop as it is in
the photograghs rere presented. There are no high spots of light
reflectec from trijht metal parts of machines; neither are threre

shadows to otstruct vision when COOPER HEWITTS are on the jot.
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wodern installstion - 207 watt Riv iamcg

COOPER nEwiTTS in a machine Shop

Machine shop lighting is not only important, but difficult.
Soft even diffusion with plenty of seeing power is required. The
light must penetrate to the very minute point of seeing -- where
the tool touches the metal. In the above COOPER HEWITT photograph,
mercury vapor light reaches the working points making every smallest
detail stand out as sharply and clearly as if magnified. Despite
the forest-like appearance of this machine-filled room, no dark
shadows interfere with the quick, accurate vision of operatives,
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TOMPETITIVE

STANDARD PRICE SCHEDULE
MAZDA © LAMPS

!
]: ! Rated SAYLIGHT _awdk
f ; {®2atea | initial LIST PRICE Slue Juics
wates. 3utd . Seraw tnitial | Lumens st LIST PRICE Races
! C Basa Lumens | per Puy. inglae ite thsioe tnitia.
watt t Clear |Frcosteo| 3owl Cleer [Frostes | Lumeny
40 ' ae19 ' wes. | wi2 10.8 120 -— $0.18 -— - -- -—
50 ' a-19 | wes. | 150 | 12.% |120 | -- 0.1% | - .- $0.10 499
1 ae19 . wed. 1035 | 12.8 f0 | - 0.20 | -- - - -
100 a-23 | Weo. 1820 { 18,2 s | -- 0,20 | == — . 0.3 38z
150 595-25 ;’-u. 2508 16.7 40 | $0.0 n.36 | o ux {5065 1 0,70 ie0n
200 1p5-20 | Mea. w00 | 17.0 20 1 0,85 | 0,60 | 0.50 | 0.90 © 0.9% | 221n
i i
100 1#5=35 | wogul 5520 18,4 2u | 0.90 | o0.95 | o.95 ) 1.35 . 1.48 1650
500 (PS-40 | Mogul 3800 13.4 12 1.5 1.6% 1.65 1 2.2 2. 48 4370
760 |PS-52 | Mogul 14550 19,4 6 2,75 - 3.9 ] -- - -—
106C [PS=52 | mogui 20500 20,5 6 4, 00 - .20 | — - -
1%00 (PS=52 |Mogul 33000 22,1 6 5.75% -— 5.9% - -— -
230 vOLT - 1000 wOUR LIFE
april 1, 1934
100 | A=23 |med. 1100 11,0 60 - $0. 38 -
200 [PS-30 |Med. 2120 13.6 24 130,85 0.90 | $0.9C | "Lumens shown are
300 [P5-35 [mMogul 4320 14, 29 1.25 1.35 1.1% approximate for clear
and inside frosted
500 |PS-43 [Mogul 8000 16.0 12 2.15% 2.30 — tomps. For whits
150 [PS=%52 [Mogul 12600 16.8 § &, 2% - - tow! lamps lumans are
{ -390 [ps-32 fuoqur 18300 | 18.3 6 | v.1s | — - spproximately 3% less
DISCOUNT SCHEDULE
Net Vaine Duscounts |y mimum Efficiency of Lamps Increases With Size
‘Exclusive of Standard Broken Uoder Each
Tracaportation Package l Package Basis to Reach
Charves | uantities Quantities Next Higher Basis Lumensw
TO PURCHASERS UNDER Lamp List Lomens l-qu-‘ns pe{ l[_)ollari
- er [o] am
FORMS E AND CE CONTRACT Size* Price Outpurt Wart Cosnp !
Primarv ~L§ss ‘ o 1097 s 159.38 1
then $130' .‘_,34.,? 102 31169 25 Wart  $0.20 250 10.0  1.250 |
$300 23% 139, 616.00 goggm 0.20 428 10.7 2,140 |
- 0 Wart 0.20 738 12.3 2.690
25¢% 15 1,232.8 3.
1 200 2 172-3 2'570.42 75 Waet  0.20 1,028 13.7 3,855
$2,500 29¢, 199, 5.144.93 loog;att 0.25 1,490 14.9 4.470
150 Warnt 0.65 2,385 15.7 3,620
5,000 319, 21 10,298.51 ’ . i 1
s10.000 . 3307 23, 20.303.03 200Want  0.85 3,360 16.8 3.950
$20,000 @ 349 249, 30,461.54 300 ggm 1.35 5,430 18.1 4,020
o - 500 Wart 2.15% 9,700 19.1 4.510
. 5 25 0,781.25 " . .
:gg% | gg/: 26% 181.587.30 750 W;lﬂ 3.75 14,400 19.2 3.840
$100,000 | 37% 2767, 152.419.35 1,000 Watt  4.00 20,400 20.4 S.100
$150.000 282, 28 298, 688.53 1,500 Wat  5.75 32,100 21.4 5,580 |
$°95.000 396, 29¢7 305.000.00 *25-wart to S00-wau rating, inside frosted: 750- to |
$300.000 10, ’ 30, 0 .. 1,500-watt rating, clear. J

+On basis of equal length of life.
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i SOMFARATIVE CHAZATTIRIZITICS, ZETIL-TZ L7
CaPETiT e INSTALLATZCN AND OPERATING ZO8T CTF CTO02Zr HZ.ITTS
V3 INT2NTESCENTE, 3282l 1N LUMEN JUTEUT.
1., Type of uniz C. . . L. 4. . L. 4. Glzsszszal
2. Natts per unic 450 180 =.Z. 200 =.=. 200 C1.
3. Avg. life Iin hours £G00 1300 12920 1200
# 4, Unit downward lumens gzl 1309 2230 2220
B, AvZ. of unit throuzh life 3% 30% 20% 30%
6. Avz. downward lumens
through life 4780 1440 €140 £380
7. Investment
A. Unit : $12.40 & 2.7¢2 T 2.28 ¢ 7.50
B. C. 4. Tube (Std.Pkg.) 3.80
## C, Mazda Lamps (@ 23% Disc.) .35 .46 .89
D. Wiring and Installing
per unlt - estimated to
include panels, fuses, :
switches, etc. 12.00 7.00 7.00 7.8
#z7.00 #9.58 - 210.14 815,72
&. Non-operati overhead per unit
A. Ins. Int. % Taxes (10%) 3.70 .97 1.01 1.87
3. Depreciation (15%) 5.35 1.45 1.51 2.28
) <.4Z £.52 2.22
9. Operating Cost per Unit
A. Hours burning per year 1000 1000 1000 1000
B. Renewals-costs per year $2.16 .36 .46 .83
C. Cleaning 2.00 2.00 2.00 2.0C
D. Current 3 1.5¢ per KwH 6.75 2.25 3.00 4,728
£10.687 $4.61 $5.46 £3.13
10. No. of units to produce
320,000 downward lumens
throughout life 67 222 150 107
11. Cost of producinz 320,000
downwzard lum=ns
Based on =7 $2480.00 $2150.00 $1520.00 $£1630.00
12. Non-operating overhead on
320,000 downward lumens
Based on # $ 620.00 § 537.00 $ 378.00 ¢ 420.00
13. Operating costs per year
on 320,000 lumens
Based on #9 $ 715.00 $1022.00 $ 820.00 3 873.20
14. Investment in percent
of Cooper Hewitts (#11) 100. 86.7 81.30 68.2
15. Operating cost in percent
of Cooper Hewitts (#13) 100. 143 114. 122.
* RLM = 66% of lamp lumens in 0°-20° zone. Glassteel = 60% of lamp lumens

%% 1935 Price List.

SEVLCO (080135)

00

- 90°

Zone
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COSTS OoF FoCT

1000 44ZDA 200 WATT 3LASS

")

00 COOQOPER EE

el LY AGI]

“ITT 450 «#ATT UNITS

LIGEZTING 100,000 34.

FT, OF rLOOR ARFEL

Service 3000 Hours Per Year - Current @ 13¢ per KWH.

Type of Unit

Average foot candles
Spacing

Square feet per lamp
Lamp units required

FIRST COST

Lamps, reflectors, hangers

Bulbs or tubes

Feeders, cabinets, wiring
and labor

Extra 75 K¥ trans. 2
£10.00/KW

Cost - Lamps, bulbs or
tubes & wiring complete

A-Saving in first cost

CURRENT COST

Watts per sq. ft.

Watts per lamp

Total xilowatts

Cost - 3000 hrs. @ 13¢
per KWH

B-Saving in Current Cost

MAINTENANCE COST
Average hours life
Renewals per 3000 hrs.
Cost of renewals - each
Total renewal cost
C-Savings in renewals

Cost of Current & Renewals
Savings in Current &
Renewals - 3 & C

Total Savings (3000 hrs.)

A-B-C

Savings per 1000 sqg. ft.
per 1000 hrs. - Current
& Renewals

First Cost Per Sq. Ft.
«Floor Area
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Glassteel Cooper
Mz zda Hewitt
20 20
10! x 107 10! x 20' (or l4'x
100 200
1000 500
$7.50 $15.40
(1000 hrs.) .82 (6000 hrs.) 9.60 (1000 hrs.1.60)
$15.00 $15.00
£750.00
$23,870.00 $20,000.00
€2,870.00
3 23
300 450
300 225
$13,500.00 $10,1£5.00
$3,375.00
1000 8000
3000 250
62¢ £5.60
$1,860.00 $2,400.00
540.00
$15,360.00 $12,525.00
$2,835.00
$6,705.00
$ 9.45
$2.34 $2.00
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7]2(!”!‘(’”(”1(‘9

Quipment shcula be treated with the same degree
machiner,. -'n order to get *t-e mcst usefuyl

d f machinery 2 cer.z2i¢ cleaning schecute s 2ssential.
This is no -ess true with 2 i.jhting system. Cust anz Zirt are
tound to accumulate on tutes and reflectors causing “-em tc
atsort almost as much 1igh*t as they *transmit. o one wcuid
sermit an autcmobile to run without oil; the reason teing otvicus.
Sirty 'ighting equipment .s actually the same as an automotile
vithout a suficient quantity of oil, but for psycholcgical
-easons it s nct as apparent. Simply expressed: *Soap and water
‘s to a lighting system what oil is to an engine."*

LOSS OF LIGHT

There are many causes for the loss of light tc a jiven wer«-
ing area. The principal causes, for a COOPER HEWITT installaticn,
nay be given as follows:

f. Dirty reflector and tutes.

2. "Tube depreciation.

3. Inoperative lamps.

4, Under-voltage burning of {amps.

5. Darkened walls and ceilings.

The first and last items listed above are cbviously a case
of cleanliness. Light colored paint, with good reflecting power,
is tecoming very popular where good lighting is appreciated.
€ven the painting of machinery is recognized by many as good
practice, especially where close work is being dcre. Cf course,
the color of the paint must not be overlooked.
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VALUE CF PAINT IN {NDUSTRY

57t i zreat!, acsisted ty *the crefer painting of
e:linze arc sizewalls, Var;ous specifizations have teer set
car zy paint -a-.facturers rezommerging certain paint Iirtina-
iang ttat wiil ;ive test results, tot~ as to reflectic- factor
arc zuratility cf t-=e paint cr certain surfaces.

[}

(9}

¢

The adjoining pictures,
tefore and a‘ter paint-
ing, require no explana-
tion. Ncte that in the
unpainted picture the
lamps are turning while
in the painted picture
they are nct.

Relow is an interesting
tatle prepared by

Dr. Henry A. Gardner,
(Director, Paint and
Varnish Industry's
Research Latoratories,
Washington, D.C.)

JGHT REFLECTING VALUE ofF COLORED PaINTs:

Color Per Cent of Light Reflected
\White. new 82-89
Cream 73-78
Ivory 62-80
Buiff 61-75
Aluminum 65
[.ight green 49-66
Yeilow 48-75
Gray 36-61
Light blue 3461
B: wav of contrast. Dark, gloomy work plices are ineth- Pink 3(}_46
cient and deprcssin'g. ,\pl;li}:znon'of light paint heightens Dark tan 17-63
visibility and improves the morale of workers Dark red 13-30
Dark green 11-25
Light wood varnish 4249

Natural wood, brown stain  17-39
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2=, ~z2-.fatturers nave ‘oucc ot oorefitatis ot opaint
- r

e - - - ‘. . > - -~ -~
32 2r..,  llzi” tte agcitcan.

cart -¢ t-e funaa-
wentai cesign of
factcry it

't ties in with
il lumination tecause
in any 'ighting
system there is

SIsters Liuer nc sani-—put ne was panted with an oal- l c cert l

- : . =] N
sroot white Toe resuit was so seriking that che entire ailway a cerea
JepArIMment Toceived SiMnar ireatment amount Sf cspi ' ‘ ]

light tnat reaches
the walls ana ceilings; this light will te entirely wastec
unless the surface is capatle of reflecting it down on the
working areas. Painting of machinery materially aids in
intercepting light and reflecting it to working points.
Zood painting also reflects cleanliness and good housekeeping.

EFFECT OF DUST AND DIRT

A good lighting system is installed for many reasons.
From the investment standpoint alone, prodaction is expected
to increase. The effect of dust and dirt may materially
reauce this rate of increased production. The accumulation
of dirt on tubes and reflectors varies according to location

of lamps.

The loss of light due to dust and dirt accumulation also

depends to a large extent upon the lighting unit. Sometime ago
the |.E.S. Transactions published results of incandescent

707121
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T-e reguits 2f the tests, giver teiow, showeg i jenera |
<-e rate ¥ zZepreciaticn was icwest with direct ccen
shaces, szmew~at -~igher witt c.rect enclosing glotes, anc
migrnest ~.%n 2ema-ingirect anc tctaily indirect units,
W7 sl D'CPRECIATION OF LIGHTIVS LYTIPMENT A8 AFFECTED
3y EQUirMENT [JESIGN®
Dreg v s -
HATERTREEN
Dr_w' Fore 5. a- ey
Limina - Dieeen ot In Per - ore Lt te Deseniptua, :
ah Diense oral gl.ss—lear lamp 112 9 Frosted ball—top and bottem
___) o - apen 15.0
2 ‘ Prismatic cl.:s—iear lamp 12.4 0 Semi-enclosing opal bowl with

F=. 3
e =

‘

“ Transactions of [lluminating Engineering Sociezv, Anderson and Ketch, Vol. XIX. No. 1. 1924.

more

In locations where grease frequently lodges on the reflectors
light is lost than where mere dust is prominent. Some idea

ANO EFP 0 IPARCY AT Tal womn

MNTE Ty

{} Diffusing globe—no vent 13.4 15

|
. Diffusing globe—bottom vent 27 16
'l

diffusing plate 202

Deep enameled stee! bowl—clear
iamp

@)
. i o a
1 RI.M Dome—-lear lamp 12X 12 -=yr
; b
Dame — bowl-enameled 16.3 13 '% Mirrored glass bow! 26.2
:;53-
o
i
%

11.5 1 Dense opal bowl 223

Enameled metal reflectcr with

opal glass bottom 260
N1 M
lamp
D‘g::nr%agfge and ensmeled na g 14 Clear top with bottom opening 356

Clear top without bottom npening 15.0

Prismatic, without bottom
opening 10.1

uﬁn}7?/1/544;757/// of the effect of dirt on lighting
S equipment is given by the accompany-
G L e ing curve. In extreme cases the
< amount of light consumed by dirt
approximates 50 percent in 20 days.
¥when selecting a particular lighting
i system, some thought should be given

“ to the surrounding conditions with

% respect to the depreciation of light

o from a luminaire.

i
J

DV OF SEPVEL WTES

>

T

» r3 Jo
CeLamING
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SAINTENINZE

Units that are simple to clean must also be consiaerec,
in order that maintenance costs may te reduced to a minimum,
The three most widely used lamps are represented telow. The
numbers indicate the surfaces upon which dust and dirt will
accumulate.

2
‘;>~«’ ,\\\\\~__’/////

RLM DOME ’ GLASSTEEL COOPER MEWITT

The RLM Dome witl suffer a loss of light due to a dirty
bulb (1) and a dirty reflector (2). The dirt around the bulb
actually absorbs some of the light passing through it, while
the dirt on the reflector absorbs light coming to it and alsc
teing reflected from it. |In any event, there are two surfaces
which absorb light in this lamp and the same conditions prevail
in the case of the COOPER HEWITT famp.

The Glassteel lamp is used to diffuse light ana thus reduce
glare. However, the addition of this globe naturally abtsorbs
light and to obtain the same candlepower reading as the RLM
lamp the wattage rating of the electric ltight bulb must be
increased. Another handicap is the two additional surfaces
(2) and (4) upon which dust and dirt will accumulate. The
light must pass through these two dirty surfaces losing power
in addition to that from the surfaces (1) and (2).

Suggested Cleaning Schedules For Direct Lighting Systems

Characteristic of ' Interval in Days ' |Interval in Days
tion if Units are : it Units are
Wiped out* Thoroughly Washed
Very Dirty................. ... ! 3 ) 5
Dirty........................ \ T i 10
Average ... ...... ... e 15 | 20
Clean........................ ' 30 i 40

!

*Washing every third or fourth interval assumed.
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PHOTOMETRIC ANALYS!IS OF DIRT ACCUMULATION

Tre approximate variation of photometric rating of a dirty
lamp is illustratec¢ by the curves below.

It is difficult to attempt to set down a method of cleaning
or a schedule of cleaning lighting equipment. In places where
dry dust setties on the lamp it may be sufficient to merely wipe
off this dust with a clean dry cloth on the average of not more
than every two weeks. A wiped reflector does not return the
light giving value of a lamp back to its original efficiency as
denoted by the dotted curve B. Each successive wiping will
diminish the extent of this curve B, so it is naturally advisable
to wash a lamp at definite intervals. A simple anc¢ effective
schedule would be to interchange dry wiping and washing as
required.

The ftamp with a photometric rating as represented bty curve A,
pays dividends to the manufacturer. Even curve B is acceptable, as
a profit sharing item, but curve C is unreasonably low in candlie-
power intensity.

From the characteristic shape of these curves it is readily
apparent that there is truth in the familiar saying -- ‘Water is
cheaper than Watts.'®
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COST OF MAINTENANCE

Referring again to the photometric sketch, curve C indicates
that the lamp can te rated as only half a lamp, or two dirty
lamgs give only as much light as one clean famp. Furthermore,
one lamp costs only one-half as much to maintain as two dirty
lamps.

i. One clean lamp- - - - EQUALS = = - - Two dirty lamps

2. Light output (58625 lumens) - Light output (5625 lumens)
3. Current - 450 watts Current - 900 watts

4, Power cost per month - 25¢ Power cost per month - 50¢
5. Maintenance per month- 25¢ Maintenance per month- 50¢
A. Total operating cost - 50¢ Tota!l operating cost - $1.00

Cost of cleaning - 5 cents per lamp
or

Only 5% of total operating cost
at

An increase in illumination of 50%

——

ONE DIRTY LAMP- = = - EQUALS - - - - ™= ___ _ HALF A LAWP

The loss of light by deposits of dust and dirt on reflectors
is costly in another respect. Unfortunately as the light intensity
decreases the power consumption remains at a constant value. |If
it takes two dirty lamps to produce the same amount of light as one
clean lamp, then the power consumed will be twice as much for equal
intensities of iflumination. Reliable collective data has shown
that the cost of cleaning a COOPER HEWITT lamp is in the neightor-
hood of five cents, while the cost of renewals and maintenance is
about twenty-five cents per ltamp per month. The power consumed by
an alternating current lamp on an average will amount to about 25¢.
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BAYNTERANCE

Thus, the cost of cleaning is only 5 percent of the total operat-
ing cost of a tighting installation and the increase in illumina-
tion is 25 to 50 percent or more.

TYPICAL EXAMPLES QOF LIGHT LOSS

Many articles in popular periodicals have emphasized the
importance of cleaning lamps, but failed to convince manufacturing
executives that they should proceed with reguiarly adopted main-
tenance schedules. A few typical examples of the loss of light
due to dirt accumulation has been taken in prominent incustrial
concerns and will be reproduced here to prove that dirty lamps
absorb 50% or more of the light output.

l. Spalding Knitting Mills.

Dirty lamp -~ 31 ft.c. on top of yarn carrier
-- 20 ft.c. at cylinder

Lamp cleaned -- 50 ft.c. on top of yarn carrier
-- 30 ft.c. at cylinder

60% increase in lighting on top of carrier
50% increase at cylinder

. Dodge Motor Company - Tests in Lathe Production Dept.

Dirty lamps averaged - - - - 3.6 ft.c.
Clean lamps averaged - - - - 8.6 ft.c.

140% increase in lighting

3. International Harvester Co. (Rock lsland).

Area of 100 lamps

Dirty lamps averaged - - - = || ft.c.
Clean lamps averaged - - - - 16 ft.c.

45% increase in lighting
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4. International Harvester Co. (McCormick %works).

Cirty tamp = = = = = = 5 ft.c.
Clean lamp = = = = = - 40 ft.c.

I150% increase in lighting

5. The Trio Laundry (Atlanta, Ga.)

Test on one famp with meter at two heights atove

the_floor.

Height Dirty lamp Clean lamp Light increase
2.5 ft. 5.7 ft.c. 20 ft.c. 250%

5.5 ft. 10.2 ft.c. 42 ft.c, 310%

6. Cincinnati Cffice tests:

Test No. |
Dirty tube and dirty reflector - = - - - 21 ft.c.
Clean tube and. . L 22s ft.c.
Clean tube and clean refliector - = = - - 265 ft.c.
Test No. 2
Distance Dirty Clean Light
from tube Reflector Reflector Increase
4 ft, 72 ft.c. 105 ft.c. 50%
6.5 ft. 32 ft.c. 42 ft.c. 319

In this test a new clean tube was used; consequently
the reflector alone is responsible for the light loss.

Not only does a dirty lamp reduce the light output but there
is a *shrinking of the initial form of the distribution curve.
A lighting system that originally gave high uniform average
intensity of illumination, will eventually become unsatisfactory
because of uneven distritution and low intensity of light, if it
is_not properly cleaned at frequent intervals. This means that
lighting is only accomplishing part of its job. 1t may also
mean that only one-half of the workmen are receiving fair light,
while the remaining half are working with very poor light.
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During the past D or 6 years there has teen a decidea
imprcvement in the methods of wiring and installing COOPER
HEWITT l'ancs with a result of marked improvement in the
cperaticr and maintenance cost. Present day protlems of
lighting are not ---

The high cost of lamp maintenance
but
The high cost of neglect

There are a multitude of instances where attention cn the
part of the customer's maintenance crew has made a drastic cut
in the cost of maintaining lamps.

HIGH COST OF DAYLIGHT

In the American Machinist (May 1327) Luckiesh has this to
say about agaylight in regard to depreciation:

*Dirt accumulation on windows is very great and
in six months time may reduce the daylight value
5) percent. Investigation has shown that three-
fourths of this dirt is on the inside of factory
windows. Thus, it is seen that this particular
feature can be largely overcome by merely clean-
ing the inside of the windows, which is usually
easier than cleaning the outside. Samples of
window glass taken from factories and skylights
have been found after cleaning to increase their
light transmission from 5 to 250 times."®

An automobile concern reported that the cost of cleaning
windows twice a year amounted to as much as the cost of renewals
for COOPER HEW!ITT lamps for one year. This is evidence that the
cost of maintaining daylight 4 to 6 hours a day is equal to the
cost of maintaining artificial light 8 to 16 hours a day.
Ordinary daylight and skylight illumination is usually thought to
be inexpensive. On the contrary, it has been pointed out,
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daylight is of high initial cost, expensive to chanje, gives
rise to loss of heat in cold weather and is freaquently costly
to maintair. Except in very rare cases artificial illumination
is the most preferable.

TUBE DEPRECIATION

An unavoidable circumstance which contributes to the loss of
light from illuminants is *tube depreciation®. Such a deprecia-
tion will cause a "shrinking*® effect of the distribution curve.
With COOPER HEWITT lamps this effect is slow, since at the end of
6000 hours of operation the alternating current lamp gives 78
percent of its initial light output, and 86 percent for the direct
current lamp at the end of 6000 hours of operation. A tube with
25 percent depreciation should be considered as past its prime of
usefulness and replaced by a new tube. On the tasis of burning
a lamp on the average of four hours a day, the life or usefulness
of a tube is over four years. This, of course, is excellent
service when compared with the average 1000 hour 1life of an
incandescent |lamp.

WIRING REQUIREMENTS

The central station is responsible only for delivering
voltage to the meter. The consumer must determine the size of
wire to the lamps in order to maintain the necessary voltage
supply. City ordinances and fire underwriters' rules specify
minimum sizes of wire for safety but not necessarily adequate
for economic operation.

Since incandescent lamps are designed to operate on a
particular voltage the variation should not te very great above
or below the rated voltage. Over-voltage burning reduces the
life of a lamp. While over-voltage increases the light output
of a lamp, this gain is outweighed by the item of lamp replace-
ment costs. Under-voltage burning shows less consumed electri-
city and longer lamp life, but with a distinct disadvantage of
smalier light output. Unfortunately the last factor of light
loss far overbalances the other two mentioned.
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It has been shown that for every one percent drop in
voltage, the wattage is reduced one and one-half percent and the

amount of light over three percent.

In spite of the fact that

lamp life is increased and wattage consumption decreased, it has
also been shown that on the same light tasis there is a substantial
increase in the unit cost of [ight,

200, 1
Circuit voltage same Circuit voltage [ ,. . t;
= as rated voltage LOWER than[] Circuit voltage HIGHER 7
- 150 4 3 40 L than rated voltage =i
rated voltage 11 Jui
~100C; —
!
150"
100, 100°, 100¢; 1009, 867, 93°; $6°¢, "y, 107¢
LIFE LIGHT WATTS LIFE LIGHT WATTS LIFE LIGHTY WATIS
Five volts UNDER on 115 volt Five volts OVER on 115 volt
THE EFFECT OF VOLTAGE lomps. Ten voits UNDER on 230 | femps. Ten volts OVER on 230
volt lamps. volt lamps.
VAR I AT | ON ON L | FE N Orher voheges from 110 to 125 and from 220 1o Orher vohages lrom 110 10 12$ end from 920
250 thow practiceily the tame rates of hie 10 light to 250 show precticelly the seme rates of hLle to
L l GHT OUTPUT AND WATTS ;:i“h:‘:;t: wetts with & shight difference n the ll;‘,::::md\':‘m waits with ¢ slight diflerence to
The Joss in hight more th utbalan Light output 11 greater but life 15 undui
| OF INCANDESCENT LAMPS ihe mcrease m e and decrease mwatioge | shoriened.

COOPER HEWITT tamps are subject to approximately the same
conditions of over-voltage and under-voltage characteristics as the
incandescent lamps, but due to the auxiliary apparatus certain
corrections for prevailing voltages may be readily made. In the
case of an alternating current lamp, connections can be made by
means of the transformer taps to voltage limits from 100 to 120 volts.
In addition to these transformer connections, ten percent variations
in line voltage is readily absorbed by the auxiliary protective
features without serious damage to the lamps. No other lighting
system is so well guarded from the bad effects of suppiy line
variations.
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Scme time 250 the Clactirical hews ;-*iis“eﬁ ar article which
inctugeg a c.tv2 giving tte cost cer watt of wiring .nstallation,
T-e -zsults, -~szponsible for the curve, were ottaifsl and averagec
fr.- 2layen zsti-ates, it s cteaper to install wiring for ZCJ
wats 'EﬂuifEﬂEFtS than for 400 watts. +HAcwever, the cost is
mater il ~creasec whan two 200 watt units are wirec as comgared

sne 430 watt unit.,
9 1

s
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‘ |

|

[

L |

/00 200 2Foo Fo0 S00 S90
VAT  PEL OUTeE

Wiring of any installation is important, since good wiring
aids good lighting. With COOPER HEWITT lamps the wire size is
given. The supply voltage should te carefully checked and
recorded. After all wiring to outlets is completed a recording
voltmeter should be installed at various outlets for not less
than 24 hours. This will give accurate voltage conditions as
they exist and proper connections can then be made. Voitage
fluctuations are bound to occur during different times of the
day due to no toad or light load on the system. During darker
hours of the day and at night time, when artificial lighting
should be at its best, it may be at its worst because of heavy
lighting loads. With COOPER HEWITT lamps this may be almost
entirely eliminated by checking the voltage at the iamps.
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COOPR HTUWITT WIRING RECOMVENDAT IONS

f ie C . Lanlp A . C [ ] w D L] C L mm
110 volts 220 volts 110 and 220 v.
Size of | Capacity|l Size of | Capacity|| Size of | Capacity
wire of fuse wire of fuse wire of fuse
(amps) (amps) (amps)
No. 12 15 No. 14 10 ﬂ No. 12 10
Length of run not to exceed 100 feet
[Esear
SvFPPLY AEEDER
X
v
3 l T ¢
R v
§ SRAANCH BRANEN
BRANCH
LOSES

- YNO/CRTING
Swrrew

Wiring diagran of Cooper Hewitt lamp clircuit
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CCCPER HEWITT INCUSTRIAL MA!NTENANCE

TYFICAL FCR A YEAF - 1933

=ElTLTT NOLONSTAL. N, JeRe TUTAaL vai- DTET R Lk
LAY ONS TENANTE STE eIt
AlLmaum 18 3,7 £, 3%k =
igrestss z s ias! e
Astemctile sz 74,327 143,512 PR
2rass 7 iaz 3% e, 02
Cotton g 7,385 27,213 S
Cie & Teol 44 3,103 1,582 D
Enamel 7 314 o) S
Slass 4] 1,551 9,484 .72
Hosiery 130 i1,c12 23, 154 .24
Laundry 20 4ch 341 J.°R
L2atrer 4 41 ¢4 £.2%
vachine 248 x,523 3@,382 1,32
vetal IS 228 72 0.:z2
Faper 24 1,234 2,228 i3
Printing 87 3,343 £,524 2,37
Raagio ! <2 _— .-
Rutter 27 2, lecb 3,730 1.7%
Shoes 7 243 733 .21
Silk 12 1J,360 17,4E5 1.8
Sitver | =5 ol .22
Steel 35 2,377 £,083 c.38
Tin 23 3,034 2,202 2.7C
Jnaerwear 7 I, 17z ¢, 392 2.4
Wire 5 373 497 1.C7
vioodworking 7 1,B51 |, 1e8 0.54
oo | 32 704 1,512 2.8
Zinc g 35 1,00 Al
viscellaneous 407 17,2692 23,66 1.22
TOTAL 1,533 175,641 335,718 T L2

in addition, the following figures are typical of the general
performance cf COCPER HEWITT Lamps throughout the country.

No. installations Cost Per Lamp Cost Per Lamp
rReportea 2n Per Year . Per vonth
192 - 214 $5.33 €2.50
1228 - 1477 4.11 J.35
1630 - 1580 2.50 J.2!
1221 - 1565 2.06 3.17
132 - 147 1.65 J.1i4
1832 - 1503 1,91 3.18

5 YEAR AVERAGE $3.02 .25
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CPZFATING COST 2aTa
CCOPEZRE HEIWITT AL C. LaNMP

423 WiTT3 - 115 or £20 VILIS

Complete operating cost per lamp per ncur inecluding:

1. Interesst on investment 2% 8%

2. Cepr=ciation at 10%

2. Currsnt at 1ndicafed rates

4. Tube maintenance {Standzrd packaze discount - £0%)
Burning With average current rate per KWw. Hr.
Hours i R et I
Per Ir. S+ U | A, B¢ ___B3¢_ -0t
1000 $0.0101 $0.0123 20.0146 $0.0168 $0.0191
1500 $0.0090 $0.0103 20.0133 $0.0155 $0.0177
2000 $0.0081 $0.0104 $0.0126 $0.0149 $0.0171
£E800 20.0077 £0.0039 $0.0122 £0.0144 $0.0171
3000 £0.0072  $0.0097 $0.0119 £€0.0141 €0.0164
3500 $0.0072  $0.0095 $0.0117 £0.0140 $0.0163
4000 $0.0071 £0.0094 £0.0118 £0.0128 20.0181
Sample calculation
Burning hours per year--—---=~----ememmm e e e 2000 hours
CUrTrent~——m o m e e e e e 13¢ per KW Hr.
Average life of tube~-—-ccccmccmm e 6000 hours
Current consumption per lamp--------c-cmeceemm o 450 watts
First cost of lampe-=—-===——cme o e $25.00
Renewal tube--—---———=m e e $9.60
Depreciation-- - e 10%
Interest--- e LS B e 6%
Interest and depreciation .16 x 25.00 = ¢ 4.00
Current 2000 x .450 x .015 = $13.50
Tube maintenance 2000/6000 x 9.60 = $ 3.20
Total cost per 2000 hours burning----—--=-cceememmmamaoo $20.70
Total operating cost per lamp per hour----—-—-—-------e--o ¢ 0.01035

GEVLCO (060135)
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EFFICIENCY QF A LIGHTING SYSTEM

ft is evident that industrial illumination is a specializesd
art. Much experience and thought is necessary in the planning
and engineering of a factory lighting system. The lighting
expert must understand the machinery that is to te lighted.
Certain types of work require light to be directed from a definite
angle. Each famp must be considered as a definite piece of eauip-
ment and placed at a certain height and distance from a machine or
work bench.

The efficiency of a good lighting system also depends upon
the manner in which outlets are spaced for existing lamps as well
as future lamps that might be needed. Wiring must always bte of
such size as to deliver maximum voltage to the lamps. With
COOPER HEWITT lamps the choice of wire size is not complicated
by means of calculation.

Once the lighting system is approved and installed a schedule
of maintenance should immediately be authorized. Regular inspect-

ion of lighting equipment with a foot-candle meter will indicate
whether or not the illumination efficiency is teing maintained.
Ammeter and voltmeter tests at certain intervals will relate the

efficiency of lamp operation. Periodic cleaning of lamps and
reflectors is essential. The time between cteanings and the kind
(washed or wiped) of cleaning depend on the conditions in various

departments.
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Tre censtruction of COOPER HEWITT lamps from tteir inception
has variec scmewhat in outward appearance, tut the theory cf
opceraticn has teen practically unaltered. The first really
practical lamp for industrial use was one using a quartz tube,
surrounded ty a large glass reflecting unit. Many of these units
were instalied tut because of the quartz tute trtey were rather
exgensive ard soon replaced ty lamps using ordinary ‘leac jlass®.
These lamps were of the linear type and operated with their glass
tutes exposed, rather than surrounded ty a glass bulb as in the
case of the quartz |amps.

EARLY TYPE LAMPS

The very early form of regular COOPER HEWITT lamps that tecame
popular in industry contained the auxiliary equipment in a tarrel-
shaped housing to which the reflector was attached. Two methods
of starting or lighting the lampswere used:

{. Non-automatic tilting

2. Automatic tilting

In either case starting was accomplished by causing the mercury
in the tube to momentarily form an uninterrupted stream between the
negative and positive electrodes.
When this stream was btroken the
lamp or tube lighted. In the non-
automatic lamps tilting was done
manually while the automatic lamp
tilted by means of a magnet. These
units were referred to as Type H
lamps - the automatic type is shown
by the accompanying diagrammatic
sketch. Originally two lamps operat-
ed in series (110 vo!t supply) and
later two tubes werc rnounted unaer a
single reflector., The light giving
length of each tute was 203 inches.

Next followed the Type K lamp using one tute 45 nches leong.

TYPE M { NP
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ELECTRICALLY STARTING LAMPS

Alttcuss lizating was accemplishec ty means of the majet
coil, it ~as rct really practical nor satisfactory cue to the
fact that a mechanical operation was necessary. After much
experimentation an electrical methoo of starting was accomptlished;
the old moving or tilting lamp was doomed. The earlier electrically
starting lamps were known as Type P (Direct Current) ana Type F
(Alternating Current). Two of the earlier alternating current models

are shown telow.

TYPE F LAMP ~ EA AUXILIARY

INSULATED HANGERS

SUPPLY BINOING POSTS
, 4 1TIVE LEADS INOUCTANCE COILS
YN POSITIVE RESISTANCE SHIFTER RESISTANCE

AUTO TRANSFORMER
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The tube in the EA lamp was 33 inches long. £ choke coil
was used to regulate the lamp tubte current. Starting was
auvtomatic, using a shifter. The power factor was 5S¢ percert.
Along with this unit was developed the Type E lamp with a =
inch tube and 58% power factor.

’

t
5
~

Objection was raised to EA lamps because of low power factor.
The EC lamp with 50 inch tute was developed and operated at £3%
power factor.

These lamps grew up with the electrical industry. As new
discoveries were developed in regard to copper wire, insulation,
resistance wire, etc., COOPER HEWITT lamps kept pace with the
times. Inductance coils, auto-transformers and series resistance
coils used materials and design to give high efficiency ancd continued
service.

All improvements possible were added to the Type F (EAC aux-
iliary) lamp which eventually developed into lamps known as {20-AWL |
and 150-7WLI using 50 inch tubes.

A very important improvement in these lamps was in the positive
resistance coils which regulate the current of the lamp. These units
are in series with the lamp tute; any increase
in temperature rapidly increases the resist-
ance of the resistor. If an increase in line
voltage produces an increase in current ang
hence an elevation of the temperature of the
resistor, the resistance of the resistor is
thereby increased to such an extent that it
atsorts nearly all the line voltage increase
with only a slight increase in current. As
a result, the operating characteristics of
the lamp tube are but slightly affected.

It is obvious that any given percentage
change in line voltage has relatively less
effect on the current in a lamp equipped
withy CCOPER HEWITT regulating resistance units than in one
2quigred with ordinary resistance.

707139



.
-

CaMP ZLTC

CCOPER HEWITT LAMP - NO. [20-7WLI

Complere i

-
Ve,

. bl

- -

Auxiliary Completely Wired.

Cathode 1 Newative© Connections, Anuvde (Positiver Connectians
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COOPER HEWITT LAMP - NC. 160-9WLI

mnn— 1

—

M —

Compi=te Unit

Auxiliary Completely Wired,

Anode (Positive) Connections. Cathode (Negative! Connections.
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THE NEW AND IMPROVED LAMP

A new trend in design has come atout - automobiles, machinery,
Buildings and the like, lean toward simplicity and smooth, even
lines, more often referred to as *stream line'. COOPER HEWITT
lamps continue to keep pace with the times by introducing the so-
called new and improved lamp - I160-9WL 1.

The auxiliary, reflector and tube, have all been changed to
give added distinctiveness and efficiency. The changes and improve-
ments incorporated in this design were the result of extensive
research and development work. The following improvements are
noteworthy:

l. Straight-line tube

2. Concealed wiring

3. Greater reflection surface

4, Reentrant seals

5. lInsulated screw base terminals

6. Binding posts for transformer connections
7. Metal shield ballast coils

8. Rectifier starting

Externally the auxiliary is slightly longer than previous
models and is equipped with draw pressed end plates with rounded
ends, flush mounted attachment plug and stronger cover latches.
The greatest improvements, however, are within the auxiliary;
greater spacings are provided which permit easier access to
resistance units, transformer taps, attachment plug, etc. The
new model is equipped with a three point attachment plug instead
of the conventional two point style. The third point is grounded
within the auxiliary frame of the lamp and may be used when
desired as a grounding point for the lighting unit.
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SALIENT DESIGN FEATURES OF THE 160-3WLI LAMP

Pictures show
- ease of attach-
ing new insu-
lated screw
base termi-
nals.
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DESCRIPTION QF THE COOPER HEWITT LAMP

HE Cooper Hewitt industrial unit is
made up of three essential parts; the tube,

reflector and auxiliary.

TC8ITI v =

SHFTIR
QES 3TaNIES

AUXILAQY

REFLECTOR

The AUXILIARY contains the coils and mer-
cury switch which serve to start the lamp and
stabilize it during operation. It also has the
suspension hooks and attachment plug atrached

to it and serves as a support for the reflector and
tube.

The REFLECTOR is of metal, coated on the
underside with white enamel. It extends the
full length of the tube and down the sides 0 a
point eighteen degrees below the center of the
light source. The reflector throws practically
all of the light into the lower hemisphere.

The TUBE, which is the light giving portion,
is a fifry-inch glass tube, exhausted to a prac-
tically perfect vacuum and containing 2 small
amount of mercury. Under the action of elec-
tricity a small portion of this mercury vaporizes
and becomes luminous, developing a soft evenly
diffused light free of red rays, practically mono-
chromatic and of high visual acuiry.

The unit is easy to wire as it is only necessary
to attach the line leads to the attachment plug

at the fronc of the auxiliary.
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STARTING, OPERATICN AND WIRINC DIAGRAM =

LaMp TiTa
Automatic Lighting:

33—The automatic starting of the Cooper Hewitt lamp is af
:nterest to manv. An examination of Fiz. 15 will show that the
shitter is connected to the transformer through a copper oxide
rectifier. When the line switch is closed. about one ampere at
four volts direct current flows throush the shifter circurt and
enersizes the inductance coils. The shifter is rotated therebv. the
urrent through it is interrupted and a momentary high induced
E.M.F. iz produced on the mercury within the lamp. By the aid
..{ *he condenser action of the starting band a “cathode sput™ is
formed on the mercurv pool, the mercury vapor in the tube is
junized and the current flows through the tube. The :hifter 1s
magnetically held in the open position by the arc current flowing
through the inductance, thus keeping the rectifier circuit open
while the lamp is lighted. If the lamp does not light on the first
operation of the shifter, the cycle is repeated. If the temperature
of the room is low there may be a delay in the automatic starting
of the lamp. This is due to the reduced vapor pressure.

The Lamp as a Rectifier: ' - F=
50—The mercury pool of the lamp is ]
connected through inductance to the \é = ==

middle point of a transformer while
the two anodes are connected through
resistance units to its outer terminals,
Fig. 15. Once the lamp is started the
two halves of the transformer work
alternately, the current shifting from
one anode to the other with every alter-
nation of the voltage but continuing to
flow as a pulsating direct current
through the negative of the lamp to the
midpoint of the transformer. The in-
ductance in series with the lamp main-
tains the current during the time of
zero voltage and smoothes out the pul-
sations in the rectified direct current.
A careful study of the oscillograms of
Fig. 18 will show the relationships be-
tween the lamp voltages and currents.

" I
.
______ LR A KA, L . -
AMVWAYS DIBCOMME.* 3w ¥R a° “w.g JENT — — — - (
GLPORE SARSER WL METER 5 0~
- S MEGAWE - .

: Rveriei-pr JEEIC A -
P TnamBte W -
T —— e e -
— ) T . _anagte
—
POLTVE 41N —— e f~ ‘»:
~%\ B i
T ALAOES QT WELN ThE I GATTE i T
Aah ETMER amODL Deael 17 O ARE 2013 — STA D . H
SOLTS WHEN LAMP S NCT IPERA G ~  Trwes 3 —
AL 27Oy "OR ML C T IS e -
I T8 O R el —
T ey AR G
. ST CE
o= v ecee
K

,: Fig. 15— Wiring Diagram. - *i-" - 7 07145




CENERAL CHARACTERISTICS AND SPECIFICATIONS

WnN® JaT

SPECIFICATIONS—COOPER HEWITT INDUSTRIAL LIGHTING UNITS
Alzernanng Current Direct Current
Code No —3aandars Unyes 16c-H5WLL | 260-HSWLI 110-H9W'L1
o Lannecnions for Aurorcatic
Voitage ranze 95-100-111 i50-200-222 Reguiation
103-110-121 - 206-220-2:: 10¢-110-125
112-120-130 223-240-2¢C
Total Average Watts per Lamp e 450 450 385
Average Lins Amreres L 4.65 23 35
Power Factor .. ... .. ... .. ... ... ... .. 88%% 88CT —_
Candle Power—Mean Hemispherical with curved redlector] 900 ' 900 300
Rated Tota! Lumens—Lower Hemisphere. . . 5600 5600 5200
Lumens Per Watt—Lower Hémisphere . . 125 : 125 13 4
Light source—diameter l inch .. .. ... . . 50 in. long ©  50in. long 50 in long
Frequency e 60-50 cvcle . 60-50 cvcle —
Special units available for 25-40 cvele ¢ 25-40 cvele —
WEIGHTS
Each umit complete ... .. .. .. .. 4 . 49 1bs. net | 49 lbs. zer 36 lbs. net
Packed for Jomestic shipment—one S 85 lbs. ! 85 Ibs. =2 lbs.
Packed for domestic shipment—tfive e 330 Ibs. , 330 lbs 265 bs.
Packed for domestic shipment—ten . 620 Ibs. ‘ 620 lbs 485 Ibs
Prices on application to nearest othce.
* It deep retlector for rotation s Jdesired, specify ~“with AC-HIORIF rerdector. ™
PMOTOME TR/C £97/NVG
BLTERMNRT G CwPBENT COOrPER INEAITT LA/
Nt TINe OUTAYT
S T L L T R Lk T TPy —— 50
AVERN LOWER NEAV St EMPAEIN,., CRANNMlE = = = = = = = = OO
WRT TS MMER NN NS AN ER A CAND M~ ~ = = = -0
DOWN KL LNVEINTS = = = = o o o2 mme e o = e — = -—Bal5
DO WA IVPL LVAVEINS APGE WY T T = e o e e m e = /725

TEST A7 85 AT ANO/oS
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TABLES OF FOOT-CANCLE INTENSITIES

Tazare I INTENSITIES PRODUCED BY ONE 30 WaTT (o prR i XITT Lange 47

Various HEIGHTS aND DisTaANCEs

HorizoNTar Distance IN FeET

Sszzr - L - 31 4 5 6 T 5 5 T 1l 2 13 a4 is e T s 1y D033
4 T4 s3F 337 50 153 105 71 52 35 15 19 1S 14 11 9 3 65 55 45 37 I3
5  fy° 333 133 32 252 159 112 81 59 42 32 23 15 1714 L1 3 .75 65 55 $
_ 6 U3 3%5 327 181 200 148 I1C 58 62 37 36 23 12 10 16 13 11 35 75 65
TR I8s 383 2 1593 135 105 91 63 S0 40 11 3422 1- 15 12 t: 90 -5
30233 121 201 174 146 120 97 79 53 51 41 3117 23 1.9 15 14 11 13
9 185 i76 154 145 126 105 89 -4 &! 53 42 32 19 24 2C 15 15 12 11 90 °
1 145 144 134 122 109 95 80 68 57 48 33°34 29 24 20 13 16 1.3 1.2 1.0 385 S5
2 103 101 T B8 81, 73 65 58 '50 44 39:.32 28 13:20;18 16 14 13 .11 3 55
14 6 74 72 687 63 59 54 49 42 38 34 30 26 21'20 1716 1.5'13°11 1.0 S5
16 58 ST S5 53 S1! 47, 43 40.37 34 30 28 25 .21:19 16,15 14.1.2 1.1-1.0 65
18 46 4.6 44 43 41] 39 36 34 3129 28:26.23 19°185 15 15 13 1211 12 €5
20 3.7 37 37 35T 34| 32! 30:28 27126 2222 20 16 14 13.13°1.3111,11i 90 .55
25 24 24 23, 227 11] 21, 21,19 19 19 18 15 16712 1.1 1.0 1.0 3] 9 .75 6 35

TaBLE II: INTENSITIES PRODUCED BY SINTEEN 450 W aTT
CooPER HEWITT LAMPS SYMMETRICALLY SPACED

Homizontar Distance Berween Lawmps

Height [ 8 1 9 J10 711 11213 14:15 16 {18120 24
4 155.040.4)24.5[23.0117.9:15.711 8: 9.7 70°' 5.7/ 391 4
S 162.1]55.4]39.6/27.6121.619.715.4'12.2! 9.21 7.4] § 4123
6 '65.2;58.6]42.5]30.7'24.5:22.617.8'14.3'10.9! 7.8] 6.63.2
7 165.2!58.4/44.333.0126.5'25 0.19. 3159125/ 9.9 7740
8 164.2°57.445.0[342282127220917313.911.0'914.7
9  162.1:55.2143.7]34.8,29.228 022.018.315.1{11.9: 9653

10 !59.7:53 0142 3{34.3.29 627 622.8/19.1:16.0/12.7/10 1.5 8
11 [57.0150.6[40.8!33.3'29 527.0123.0'19.4'16 6[13.3:10 86.2
12 [54.1746.0{39.2]32.3129 0126.2.22 5'19.5/16.7{13.7]{11.2i6 3
13 [51.2145.637.7]31.3]28 3125.5°22 0119.4 16 6.14.0/11.3.6.5
14 48.0]42.8(36.2/30.2:27 4:23.8:121.3 19.2,16.4;14.2/11.4.6 6
15  [44.5/38.6(34.7729.1]26.7,23.7 20.7'18.7'16.1,14.1{11.4'6.7
16 [40.6]34.6[33.1128.0125.7;22.9'19.3/18.2,15.7113.8111 26 7
18 136.€i11.1/30.0[25.5,23.5/20.9'17.7/16.9114.9113.0/110.7°6.7
20 [32.6i29.7]26.7(23.0[21.1:18 415.2.15.3/113.9/11.2]10.3 6.6
Approximate Watts per Square Foor of Horizontal Surface

[70ss 4537731025 23 20 1.7] 1.4] 1.1, 78

Table II gives the average intensity produced
by sixteen 450 Watt Cooper Hewitt Lamps sym-

o o o o)

O o O o)
X
O o O o

o o o o

metrically spaced, as shown in the diagram; the
intensity being calculated for the point indicated

by x.
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NORMAL LAMP OPERATION

i< zccasionally is necessary tc check lamps to cetermine
whetter t-ey are cperating norrally, The most accuraje method
is to taxe an ammeter reading in the negative circuit of the
tute. Voltaze readings across the tute are not only difficult
to take accurately, but are not atsolute in their incications.

Tube current is more sensitive to lamp operating conditions
such as line voltage, temperature regulation, etc., and is, there-
fore, our best indicator. The tatles on the following page give
normal values for our standard sizes of tutes. Lamp operation which
does not conform with these values within plus or minus 5% cannot te
consicdered as normal,

The wiring diagrams are not complete necessarily, tut only show
how readings should te taken.




-amMP DaTs

TUBE SERVICE SEE “NORMAL **NORMAL VOLTS
DC AMPS AS INDICATED
50°*x1* AC Fig. | 3.75 "I30V M to T
50°'xi* DC Fig. 2| .50 '1170-75V N to P
Z2'x 1" AC | Fig. 1] 2.55 176V M to T
35'x3" AC Fig. | 2.50 Y123V M to T
35'xa" DC Fig. 2| 2.50 '148-73V N to P
149x 1" AC Fig. 2 [#3.40 (2,10 wien wnce 1n sems wnit)
ID' x| AC Fl G 3 1?2. 8"’3-4( Depending on Inc. -ntage)
* Use DC ammeter and take readings after
0 minutes operation on proper tap for
line voltage.
** ise AC voltmeter,
' Take readings with stifter open, lamp
out and current on.
"' Take readings with lamp running statle.
I f operating unstable voltmeter may te
ruined.
# These values at 120 volts at attachment

plug. Current goes down as heat from
Incandescent lamps goes up.
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ELECTRICAL MEASUREMENTS OF COOPER HEWITT LAMPS

Wrer atlempting to take electrical measurements of COOPER
HEWITT lamps nany precautions must ke exercised, In 1325 several
alternating current lamps were carefully tested; the results of
which will te triefly given,

TABLE SHOWING RESULTS OF WATTAGE TESTS

fnitial | | Min} 5 Min] 10 Min |25 Min | 45 Min
H1GH 1060 620 530 500 470 455
LOW €40 500 470 460 435 445
AVERAGE] 3951 628 433 463 451 44F

These values were obtained from several EAC-160B auxiliaries
run on the normal 110 volt loop of the transformer. The voltage
was maintained at a value varying not more than 2 volts either way.
Curves plotted from average readings showed that at the instant a
famp is turned on the wattage is 360 watts and the line current
starts at Il amperes with a tube current of B.6 amperes,

Measurenients of the starting current taken on an oscillograph
show the true instantaneous current on starting to be 12 to 12
amperes, which would bring the wattage up to abtout 1225. The
initial surge, however, is instantaneous as it drops within the
first 30 seconds to 650 watts, 6.5 amperes line current and 5.5
amperes tute current. From this point the drop was more gradual so
that at the end of ten minutes run, the lamp was operating at almost
specified wattage and current. During the next 20 minutes the lamp
became more statle, the wattage and current fluctuating slightly
telow and atove normal,

All the lamps tested were run for 45 minutes at the end of which

time the average curve showed them to be operating at 445 watts, 4.6
anperes line current and 3.8 amperes tube current.
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From the foregoing it is otvious that the true ratin; 5¢ tre
lanps cannot te cttained at the time a lamp is turred On nor aven
within *he first 17 minutes. The true cperating perforrance of
a larp seems tc require a length of time approaching 42 minutes,
These facts are not at all alarming since most etectrical equip-
ment, especially motors, regquire a certain duration of time tefore
statle conditions are reached.

Tests were also conducted to determine the effect of varying
voltases and transformer taps. Results obtained at the end of
45 minutes or more are tatulated below.

VOLTAGE | WATTS | LINE TJUBE TRANSFORMER
CURRENT | CURRENT | CONNECTION
13 445 4,50 3.80 Normal
105 415 4,40 2.08 Normal
15 480 5.00 3.30 Normal
110 440 4.30 3.80 Highest
g 110 550 5.80 4.-10 Lowest
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TECHNICAL DATA

PHOTOMETRIC RATING - I609WL| LAMP o . . . . . . .
METHOD OF SUSPENDING LAMP o 4 o v ¢ o o o o« o o .
PHOTOMETRIC RATING = 160H9WLI DEEP REFLECTOR LAMP
PHOTOMETRIC RATING = 11O9WL) LAMP . . . . . . . .
DISTRIBUTION CURVE - 200 W MAZDA LAMPS. . . . . .
DISTRIBUTION CURVE - 300 W MAZDA LAMPS. . . . . .
COMPARISON OF VARIOUS INDUSTRIAL LIGHT ING UNITS.
DEPRECIATION CURVE AC LAMP. & o v v & & o « « o .
DEPRECIATION CLRVE DC LAMP. v v & v v o v & o &

OPERAT ING CHARACTERISTICS OF COOPER HEWITT LAMPS.
OPERATING CHARACTERISTICS OF MAZDA LAMPS. . . . .
FRANKLIN SPECIFICATION LIGHTING INTENSITIES . . .
REACTION TIME CURVES o o v v o v o o o v o o o'
RLM AND GLASSTEEL FOOT-CANDLE INTENSITIES . . . .
COGPER HEWI TT LAMP INTENSITIES. « v o v o « « .« .
ALLOWABLE CURRENT CARRYING CAPACITIES OF WIRES. .

PAGE

O O ~3 O WU = W

i

13
Ih
15
16
17
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The Tables and Curves on the following pages
are technical data pertaining tc industrial |isht-
ing units, teth for the COOPER HEWITT lamp and in-
candescent lamps. Various comocarisons can readily
be made to show the efficiency of toth systems of
lighting when applied to industrial illumination
on average conditions of intensities.

Only Curves, Tables, and Drawings that were
known to be authentic are included in this section.
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TECHEICAL DATA

PHOTONME TER/IC £27//NVNG

RLTERNRYI /NG CURBENT COOPER INE 7TV LANTS
COPE NO. r&09WWLrs

I TIRL OUTRPUT

WRTTS o rsa) ————————————————————————— <50
AVERN LOKERD WNEMISPOERAT, CANOLE == =~ = = = — 00
WRT TS MR EANY NEM/ISOIE/CRL CRNOLE — — -~ — — 0350
OOWA KOO LUAMENS = =~ = = m == = = e e e e — 5625
OO WA WRELD LUAIEILS S OE KR T e e o oo e = o

TEST AT 25 <7 BWOryS

\

e /600 ~—— /200 —— 8O0 <= 0D

R - VERTICARL FLRIVE o TUVEL

E - vERTICARL FULRINE PFPERLIENECUL IS TO A
N IVERDERE CoRIED BES L ECTTOR
o e ) OVeAMETES & SO Lovs

ORTR CRLECLRTED A ON TEST
ANO Av=/3/ 799 DOSTEDO F£FES. (0, /927 B
1L UMVINRTING K/IVGIIYELE BrIvS LmRBomeRTOoRY
GENEEPL ELECTRIC CONIINYYr

T NNy
SCAHEINECTTROY, &" 6/ 0- R
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TECnmIC AL DaTy

PHOTOMETRIC RATING
ALTERNATING CURRENT COOPER HEWITT LAMP
CODE NO. 160HOWL!

JSE ACHIORIFI REFLECTOR IN NORMAL POSITION

_ INITIAL OUTPUT

WATTS (RATED) 450
MEAN LOWER HEMISPHERICAL CANDLE POWER 840
WATTS PER MEAN HEMISPHERICAL CANDLE 0.53
DOWNWARD LUMENS 5233
DOWNWARD LUMENS PER WATT 1.6

TEST AT 20 FT. RADIUS

A— VERTICAL PLANE OF TUBE ..

B — VERTICAL PLANE PERPENDICULAR TO A
UNIVERSAL DEEP REFLECTOR ACHIORIFI MAY BE
ROTATED TO THROW LIGHT 30° TO RIGHT OR LEFT OF
ABOVE NORMAL POSITION
TUBE 1* DIA.x SO” LONG

DATA FROM TEST REPORT DATED AUG. 18,1932

CANDLE POWER DISTRIBUTION
ALTERNATING CURRENT LAMP
WITH DEEP REFLECTOR

GENERAL @ ELECTRIC
VAPOR LAMP COMPANY

ILLUMINATING ENGINEERING DEPARTMENT

HOBOXEN. N. ).

OATE - OWN. 8Y] ‘poY
82032 | w.L. NUb

S-174
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TECHRICAL DaTa

PHOTCMETRIC RATING

Cirect Current Cooper Hewitt Lamp
Code “o. 110=SwL |
KATTS P2a%00) L . s et i e v e e e e e e e Risk)
UEAN L7452 -SuMISPHERICAL TANSLE POWER . 313
ATTS PEP MEAN HEMISFHRER!CAL CTANDLE . . P O - ¥
w‘NNwF:\D LJ‘"{ENS . . . . . - . . . 3 . - . 5 '57
CCWNWARD _JMEN PER WATT . . . . . . 15,4
Test at 2F Ft. Radius.
\\Ti\\il\ | ij;:¥‘ ! \ X
i // - /," RN 01/ , : K \ .
Pl \Ko’l Vo \
," i -‘ ! :‘./' i \ ‘ i ‘
f f l j 1’ \ E ! '
—/600——i290 400 — 800—1—/200——K600—+
[l | \ - I 1
L ~ [
\. l“‘ ." 4 / I‘ ;
\. \ i\ / / \ i ) ; ’;"
\ 5 \ ‘ a / /
\\ \‘ ) v’ s /
\ ; l 800 / /[ /
\\ £
AN /1200 ﬁy/
\ K) %
2 -
/600 -

slane of tute
plane perpendicular to A

A - Vertical
B - Vertical

Universal curved reflector
Ture (' Tiameter by 30" long,

Data calculated from test H-131728
By tlluminating Engineering Latoratory

General Flectric Company, Schenectady, N.V.

CANGLEPOWER 3iSTRISUTICHM
DIRECT CURRELT LAMFS

COOPER HEWITT ELECTRIC CoO.
ILLUMINATING ENGINCERING DEPT.

HOBONKEN, N. J.

DATE OWN BYICKD BY
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TECHBICAL DATA

= -_— - or

CLrFLECTOR
LAry~

Ve rs

AMPERE S ——. — . — . .
WATTrS (#RTED) . e
MEAQN MNEMrM SPERICAL CP
WATIrS PERX rMESAN ﬂé‘MISPﬁ{R/C‘L c.~
DOWNWARL LusmnEBENS

DO wWARO Lwrr&a~vS PEL warr

IrPEAN SPNERICAL €. o

WAT TS APER ME AN Jﬂﬂcgzcag c. 2

TOoOrAL LumEa~ns

TOTme Lurens LR waearr
PLRCENT TOras LMmENS OF BARE LAMP

PMNOTrOMETRIC TESTS
D/ STR/IQUTION OF INI TRl CANDLE POwe®

DsTR.IE Tion CoRVES -200 iWarr IMazom iarePs

. Nor~e

Cub e
/'8
1.7%

200
261
or?
1635
8.7
285
ars
J2oa
ié o0

BLI? Geassreac
v @ow. CLEAR

/75 /1185
74 /.7¢
py-¥- 200
357 F YN
56 0.65
PR ¥ 1988
20 978
78 IR 4
12 uy
22490 2/85
20 - 24
ToQ 67«

I Q3 VERTICAL PLANE

e S NAT 0 EnE ~8(Q

Q

|
J

el To~r LOMENS
A 7o | ORPLE | R LM |GCLassTseL
v, hd 28 ! 74 g8
T, ) v\ [2o] re9 | "arr 2as
M/ : Jo| 243 : 393 Sos
! ‘ \ 40| 420 j 1008 84/
200\ —~— éDo-'}-—e'-ao 30 | 625 | 1430 /200
7 : i 60 | 850 i80S /538
N\ . ! |70 |1098 | 2085 _| (780
S Y%l { ; |89 |13ss 2; 3 1920
VA [ 90 | 1635 2290 1955
N\ N,
\ \ / ~ l’
J L\ AN
' N >\
LT A Y
2 \
u‘ . 7 ‘\
W OA RYAN

. A
RERDINGS TAIREN RT 1O AT L A0/'JS
CLEAR LAAMPS OPELATED AT S2O00 TOTAL LUMENS

Dara o~ Bakce LArm» C4LCULAr¢a /‘-A’on G£ Las

o«

e

-

AL Unir
GLASSTE EL Ui v

- -~

TEST No 5152
. - ~No. 4056
- - o . 4759

STvavas -~ 200W.Lmrve

SCHEDULE

Earmicibmcies

COoRRECTED 70 NMANUFACTVRERS

‘J:srt'cvh..~

Fo 8, smeo Fre /. 1926

Y

- -+

| COOPER HEW!TT ELECTRIC CO.
! ILLUMINATING ENS I NEERING DEPT,

HOBC REN. N, J.

[~ — i
{DATE.

- -t

> 1

. Jorng i 926

-y
A

iZan 270240, 8Y
Is 20
i
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TECHNICAL 0ATA

Distriavrion CoRves -300Warr Mazo~nLlamps

REFLECTOR NYo~neg RLM  Grassree.
LArP Cikre CiLfme Cezne
voors i’5 /75 18
Aryreges 26/ 2 6/ 2.6/
WArrs rRAr&o) Joo Joo Joo
MEAN FIErIISPNER/CAL S~ 417 632 395
WRT TS PER I MTEIN HET/ SPNER/ICA C P @72 o047 - X Y
DowWANwWARD Lumans 2630 3970 3/1/0
DOWNWAR O LUMEBNS PSg WATTFr 8 76 13.20 10.35
MEAN SPyERICAL C P 4/3 Jd/s 276
WAT TS PER MEAN SPNER/CAL C.A _. ors ags /.09
Tormase Lymens J200 3970 J470
TOTAL LuMmenE PER wWarr /173 /3.20 1SS
PERCENT TOFML LUI/MTENS Om 8ARL LAarre 76.2 66 .8

PrHNOTOMETPrc TESTrS
D/ STR/I B VION OF INITINL CRNOLE POwerm IN R VERTICAL PLANE
< —

zs" Lurrans

7o | BROL | R LM |GLASSTELL
/0 Jo /

2o} //8 409 J60

Jo | 272 So9 788

40 | 493 1387 td20
So | 787 23/0 /8T0
60 | //48 Joes 2380
70 | /1380 3730 2780
do |2090 39230 Jooo
Q0 |2630 3970 /70
SFD.

o.LN

4 W OL RYom~n
Wecrtrmar.ag s~amase
REROINGS TARKEN QA7 IS £Y RKRAD/vS L ' . A
CLERR LRAMrMIPS OPCRATED AT 3200 TOTrAL LUMENS v
Darn on Bare Lame CALCul.arta /"'com Gé'lna Tesr No. 4196
“ RLNM UriT - No. 4249
- ~ GuassreacUmir - - - - - No. 4628

Digre.@vvion Cotves-IJOoW Layes
SCHEDUL; COGRECTED Te® MAanvracTuREeS
i Ersiciemcies Pvlirsweo Frg/ 1926
COOPER HEWITT ELECTRIC CO.
ILLUMINATING ENGINEERING DEPT.
HOBOKEN, N. J. -

B DATL: OWN _SY|CKD BY
Jone /7926 S 72/
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é RLM 5td Deme Reflector -white Bowl Lamp

Lumens in _ower Hemisphere ~0%te 90°- 66,'{

é Glasstee | Diffuser - Clear L amp
Lumens in Lower Hemisphere -0°40 90°- (07,

CooPer Hewi tt Lamp
Lumens in (ower Hemisphere-0°490°- 8357

- e

i
DISTRIBUTION CURVES 07 INOUSTRIAL COMPARISON OF VARIOUS |
UNIFS USING AS A BASIS HYPOTHETICAL |INDUSTRIAL LIGHTING UNiTS

BARE LAMP SOURCES WITH OUTPUTS OF ron :
5000 LUMENS IN EACH C~5% GENERAL ééj ELECTRIC :
VAPOR LAMP COMPANY

REFERENCES — Lame vlvorks Boilerins-i238 ¢ L D_.‘ ILLUMINATING ENGAEENING DEPAR™SEs-
GE Ihumm:nm.v ~ab RC,M‘T e — -
2263 )< Eif! O~

707160



-
-~

TECPNICAL NATa

Craw mngs maede 'o

*c same scele AN a
Vd A .
D:stripvtion Curves show the S/ I I J
, A ]
relative outpvts of tne varwovs \l.'
’
lighting Un.ts .n lewer hem.. s
—— ‘ T et— | — :
i

\ | \ -

\ N N7
‘ /RSN
/ N N ,
\ l\
\ ' N ! h \
| N J \ Y
\ \ N ) '5 i
,’/ // i A
\, /’ \
AN /
' / / 12
. i / ;
N >
N )

i

/

{
AR=R LM Dome — 300 watt-1i0veit - White Bowl| Lamp

B—Glasstee! Diffuser -300 watt-/10+elt Clear Lamp

C-5t C°°f¢" Hew ft Ldnlf’450w¢”$ ~!0velts - 60c yela
D- Clear 300 watt-110ve/t Mazda Larmp

Bare Lamp Lumens- 5400
Bore fube Lumens- & 700

}T_g‘_

CoMPIrRISON OF VARIOUS
INDUSTRIAL LIGHTING UNITY

GENERAL @ ELECTRIC
VAPOR LAMP COMPANY

ILLUMINATING ENGINEERING DEPARTMENT
HOBOXEN, N. ).
DATE - OWN BYJCK'QPY
12031 [73 fply] S-163

707161



¢

TECARICAL 3472

CHoHACACTERISTIc DePRECIATION or LicwrOuvrmrPur
DOnra 17 ProcaenrT oF ITnir/ial Lunsmens

ALTERNATING CopReENT COOPER HEWirr L armPs

Dare Swown #oe Larroplompiere werw Berrecroe.

—_,—

I

T
P
Ml

I

!
i

‘—{
el

t

R T S

Doto boued on extensrve resrls meor of

i Eng Lab-Cooper Honit E/ectric Co. anc

{oco

BurRNniNG HouvrS

TiEng Lob-General ElecFric Co. Schenechody /Y1

SCHEDULE
; 5625 |
Rafoa oty sar doct | 450
dep Oatent Lhru bave-
| Aoers iz peccent <f

booo

Depreciofron Corve

Ritenalting Current Lomps
Cocle, /bo-biis ana 260 - 6NL/

COOPER HEWITT ELECTRIC CO.
ILLUMINATING ENGINEERING DEPT.

HOBOKEN, N. J.

DATE:
12=1~ 1927

DWN. BY

DR4.

£l

S-/96
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TECHRICAL DATA

CHAPHCTERI1ST e DFPRECIITIoN or Ligkr OvrPur
Oors 1~ Fepcaenr orFr ITn'Tioc Lumens

O/REC Y Cowweny CoolPcpHew:rr L amrs

Dot Snoswn rFo# LarroCorriere wirw REFLECTOR.

¥90 \q-‘\-\—; -

o /000

Borming Hoves

Dato bosad on estensive rfesls maae ar

/. Eng. L ab-Cocp er Hewitt Electrc Co ana
7 é'n,. Lob-Geneoral £/eclric Co Scheonecrosy N

SCHEDULE

b e ———— e ————

| Poted Dloital Lomens [ I/67_

Keted Wets perint | 85

l.iykgyﬁegf__fl_fy beoo- ;_
s ¢ { -]

4doo0 Sooo V-2 1-)

Oepreciotion Curve

Orrect Corrent Lomps
Code®, /1/70- 6 Wiy

COOPER HEWITT ELECTRIC CO.
ILLUMINATING ENGINEERING DEPT.

HOBOKEN, N. J.

ailrel. o '—%’Eg’o’/"

: owN 8vfckD. BY
3}:‘,— 927 |DwaG ?F[]a, S-/37

707163



|

TEZnICAL DaYaA

o

—

DL XA NS  CHRARCTLER/ISTICS OF &
COOPER MEWI/TT LArTRP & C

VOLTREE VAR/IATION FIRNT NOPNAL .

' /03‘ .

1N i , |

| ® : i '
e S
i : '
5 | i
: | &7
¢ ; ! 'b‘ gt
PN AL 07

X X 104 . —%

N A | K

Ny :

Q g | i

N N oo :

£ |

N %

N Nk

\r
NIy
] \

R

TN

Q9 S 9« N7 Ay

N f‘ )

}

§ ’/94 96 .95 700 V{4 1704 706

Operating characteristics of alternating
current lamp unit.

OPELRTING CARRRCTERISTICSE O 7
N COOPPER AEWITT LAMAR O C.
X /09 |
y
Q
g 106 ¢
N ;\:«“ i
N g /03 b
Q g oF
NN
N
0 &
Y &
iR 97
Q N/
8 A
N S LA
N {7/
N N
Q 9 74
A3
S S« 26 28 00 02 sfof /06
VOLTRGE VIR TION FOIrT NORIIRL.

Operating Characteristics
of Direct Current Lamp.
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RED SEAL % TABLE III—DETERMINATION of LAMP SIZE

SECTION 1 SECTION 2

g STANDARD
%) ?
* { G Using the proper Section for the
J'Cm fixture selected, the Mounting

Height decided upon and the
Conditions Factar (found in
Table 11}, choose such Lamp Size
and Spacing as will give the -
desired Foot-Candles.
s
D’ , r {
Area Per Outiet U:::‘:Aedor%? " Conditons Average Foot-Q bdl. Average Foot-Chadles
Adequataly Lighted Reflector 1o ! Factor
. or Floor wobe | S TR . . . L k .
*Approzimate Spacing oot less than 100 Watt{130 Wett{200 Wett, Watth500 Wati]100 Wett!150 \\mizoo Walt800 W Want
55-65 Sq. Ft. Fuvorable 810 | 15-18 29 | 1316 | 1823
563 59 A e | Aveee s | mas | vem [ s | 1043 | 1418
73,57 Spacing Unfavorsbie {5 56 5| 11 453558 610 | 1118
65-75 Sq. Ft. Favocable 7-9 18-16 68 114 | 1519
or 86" Average 67 10-13 3-6 8-11 11-1%
814'18%y’ Spacing Cnfavorable | 56 8-10 5 4 el
3-85 Sq. Ft. B Favorable 68 | 1114 PR R TSTRTNT
or 26" | Avarsge 5-6 a1l 3 10 : 1013
9’19 Spacing < Unfavorable | &$ X 354.0| 68 | 610
85-95 Sq. Ft. Favoreble $-7 10-12 5.6 $10 | 1218
o 9 0° | Average re 8-10 3 54 ) 12
Y+2x9% " Spacing E Unfavorable {3 5-4 O 68 3035 546 9
95-110 8q. Ft. = : Favorsble -6 810 | 12.13 =] 15 1113 F 18-28
or £ 96" i Average 1s40f 8 | loa2 34 53 si1 | 138
10°510’ Spacing 4 | Cafevorable |3 0-3.5) 56 810 | 1316 253s] &3 e ] 1123
T10.125 5q. FU. L Favorable i 70 ] 1013 1 1822 3540] 68 | o1l Y1509
or 3 100 | A 31840| &7 8-10 | 1418 3035 56 9 |} its
11’211’ Spacing 3 s afavocable |2 5-3.§ T 12- 2530 45 56 911
125-145 Sq. Ft. < 3 50 oo s10 f a7 [ .
or ] -8 10-18 §.
11511y Spacing ES X 51 &0 -
145-17 . . 12-18 1-.
$5:170, 8. FL. INTENSITIES PRODUCED COOPER HEWITT LAMPS terl R
12531124’ Spacing ) 18-16
"0"“’2,5"‘ Fu. Homizontar Distancy Berween Lames 1012 }:ﬁ
13i9'213 5" § T 6.5T1.8 10-13
S Heght] 8 ] 9 110 11112 i3] 1af 1516 |18 120 24 —=
200-230 Sq. Ft. 4 55040 ¢74.523.0(17.915 7J11 #9.7° 70: 5713914 e sa | nas
14773143, Spacing 5 62.1 55.4{39.6;27.6!21.6:l9,7l15- 122 9.2! 7.4/ 5423 315.56.50 11
230-260 Sq. F. 7 : T 3109 7.8/ 6.63.2 7.59 18-17
08q Ft 6 65.2[58.6 42.;130.7 24.5:22.6]171!4 }:12 37 ¢ ted <A
15 ='k15 %y’ Spacing 7165 2158.4144.3,33.0/26.5:25.0419. 15 9112 5, 99 7 74 0 TREEY I
260300 Sq. F. | 8 64 257.4'45.034.228.2127.2P0 A17.313 91100 9.1 47 72 218
16%x16%%" Specing 9 62155 2.437,34.829.2.28 02 111979633 | &) W
300330 59, F1 m— 10 159 7.53.0142.3 34.3129.6:27 419116 0'12.7,10 1 5.8 _' o2
L8 Soaciog 11 570,50 6,40 833.3129.5,27 0P 3. 0419 416 6:13.3110 8 6.2 S8l
i 1754 1146 0139.2'32.3.29.0.26 22 5|19 516.713.711 26 3
340399 Sq. F. T3 61 2145 6'37.7'31.3.28.3 25 52 Ofig 4'16 6.14 0111 36 3 T IS
19119 Spacng | Approximate Watts per Square Foor of Horizontal Sarface 303595543
3901059 F1. OS5 45 37 31 2.5 23, 20 17 14 11,78 ol ey
201 ,°220%y’ Specing 5-3 0] s
-~ 354
#0500 Sq Fr. 3s3sl o
213 ‘5213 Specing - 02 5] &
* Between walls and first rows of lights allow not more than 34 spacing. | !

THE SOCIETY FOR ELECTRICAL DEVELOPMENT, Inc.
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Curves SHowiING Reactions 1N Unit TiMeE Unper DiFrereNT KINDS OF LIGHT
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Glassteel Diﬂ’_user

Area Per Uutlet

Dixtanoce from

Aversge (ontcandles obtained from above
reflector using hmp. sizen aa given st WOp

WATTS PER SQUARE FOOT

Adequately LUnderside of  Room
Ligbled or Retlector to  Couditions
Approxunate Flooe not to 200 300 500 150 b 300 300
Spaciox be less than Watt Watt Watt Watt Watt Watt Watt
5505 Sq Ft. Favorable 32-66
T 6" Average 41-52 25 33 3 L)
T%':T’. ' Spacing Uafavorable 32-41
03-75 Sq. Ft. Favorable 43-56
or 3 Average 3243 21 28 4 6.6
849'x8:° S LU afavorable 25-32
75-85 Sq. Fu. Favocable 38-48
or R H° Average 29.38 18 25 ki 6.1
9’59’ Spaciog Cnfavorable 23-29 '
85-93 Sq. Ft Favorable 3447
or 9 0° Average 25-34 1.7 22 33 s§s
9%,'29+,;’ Spacing Unfavorable 20-25 ’
95-110 3q. FL. Favorable 241
or 9’ 0* Average ‘ 23.32 1.5 2 3 s
10’10’ Spuciog Uafavorable . 20-23
110-123 Sq. Ft. Favorsble 27-34
or 19° 0° Average . 20-27 1.2 1.6 235 41
11’211’ Speciag Unfavorable 16-20 _
125-145 Sq. Ft. Favorsble 23-30
or 10" 0° Average 18-23 11 13 21 37
11%'z11%,;" Spacioe Unfavorable 14-18
145-170 Sq. Ft. Favorable 21-26
ue 11" 67 Average 34 16-21 \ i3 19 3.2
13'x13° Spacing - Unfavorsble * 235-3.5 13-16
170-200 3q. Ft. Favorable 3.5-5.0 18-23
or 12’ 0° Average 3.0-38 13-18 8 1.1 1.6 27
1354x13! " Spacing Ud‘.vorlble 2530 10-13
200-230 Sq. Ft. Favoeable 3.5-4.0 15-19
or 12 6° Average 2.8-3.5 It-15 < 9 14 23
1432143’ Spacing Unfavorable 2023 9-11
230-260 Sq. Ft. Favorable 3.0-3.5 13-17
or 13 0° Average * 25.3.0 10-13 6 8 1.2 21
1535154 S Uafevorable ;! 1.5-2.0 8-10
260-300 Sq. Ft Favorable 2.5-3.0 12415
or 13’ o* Average : 20-26 9-12 3 T tl | e
163 ‘2163, Spacing Unfavorable . 19
300-340 Sq. Ft. Favorable 10-12
or 14’ 6° Average 8-10 6 9 1.5
18°x18" 3 r ° Unfavocable 6-8 _
340-390 5q. Ft Favorable 9-(1
or 15 67 Average <9 5 8 1.4
19'x19’ Specing Uolavorable ' 5.36.5 ~ _
390440 Sq Ft. Favorable | 8-10
or 16" n” Average o8 T 12
2034°x20%;’ Spucing L‘nl'lvonble 5-0
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TECHEICAL DATA

INTENSITIES PRODUCED BY SIXTEEN 450 WATT
CooPER HEWITT LAMPS SYMMETRICALLY SPACED

HorizontaL Distance BETweeN Lamps

Height| 8 | 9 |10 |11 ]12]|13]14|15] 16|18 |20 ;24
4 [55.0[40.4]24.5[23.0{17.9]15.7[11.8] 9.7] 7.0{ 5.7| 391 .4
S 162.1|55.4]|39.6]27.6|21.6{19.7]15.4]12.2] 9.2] 7.4} 5.42.3
6 ]65.2]58.6]42.5]30.7]24.5]22.6]17.8]14.3/10.9] 7 8/ 6 63.2
7  165.2!58.4/44.3]|33.0126.5/25.0/19.3]15.9{12.5] 9.91 7.7 4.0
8 164.2!57.4145.0|34.2|28.2127.2]20.9!17.3|13.9]11.0]| 9.1'4.7
9 [62.1]55.2]43.7[34.8[29.2[28.0[22.0[18.3[15.1{11.9] 9.65.3
10 |59.7|53.0]42.3]|34.3(29.6/27.6/22.8|19.1/16.0/12.7{10.1'5.8

11 |57.0}50.6]40.8[33.3/29.5/27.0/23.0}19.4/16.6/13.3|10.8 6.2
12 |54.1]/46.0]39.2]32.3]29.0]26.2]|22.5/19.5|16.7|13.7|11.216.3
13 151.2/45.6]37.7131.3|28.3]25.5!22.0]19.4(16.6/14.0]11.3!6.5
14+ |48.0]42.8[36.2{30.2]27.4]23.8|21.3]19.2]16.4{14.2{11.4/6.6
15 144.5/38.6|34.7]29.1{26.7(23.7|20.7|18.7/16.1{14.1{11.4!6.7
16 140.6/34.6/33.1/28.0]25.7]|22.9]19.3]18.2115.7]13.8{11.2/6.7
18 |36.6]33.1]30.0|25.5]23.5/20.9!17.7]16.9/14.9/13.0!10.7'6.7
20 132.6]29.7|26.7]23.0/21.1]18.4]15.2{15.3]13.9]11.2]10.3'6.6

Approximate Watts per Square Foot of Horizontal Surface

| 7.0] 5.5| 4.5] 3.7] 3.1] 2.5] 2.3] 2.0} 1.7] 1.4| 1.1,.78
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SATa
ALLOWABLE CURRENT CARRYING CAPACITIES OF WIRES
ARES - AMPERE CarRYING CapaciTy NuMBer oF Wires IN | Conouir
WiIRE M
SesE Cii;‘l‘;*“ Types oF INsULATION 1 2 3 4 s 6 7 3 9
Rueser V. C. OTHER MiniMum ConpuIT SICE
[ 1.624 3 6 ‘ :
16 2 583 6 10 X
13 3107 15 18 30 i T, Ty . T1s . 34 3, e 1 1
12 . 6 530 20 25 30 T, Ty 13 Y% | ¥l l | 1,
0! 10 380 25 30 35 T, T8, Ty 15, 14, 17,
8 ' 16 510 35 40 50 Ia 34 ] IR A 11 11,
6 26.250 50 60 70 Yy 1 1% 1Yy 14+ 11, 2 © 2 2
5 33.100 @ 55 65 30 3, 01 1y 13 - 1l 2 2 2 2
3 . 41,7400 70 85 90 Se Tl I 1% 12 2 .2 2 21,
3 526301 80 i 95 100 Sov g 1 1 1ly 2 2 2 2, 21,
7 66370 ' 90 110 135 | % . 1% ‘1Y | 1lp i 2 2 - 21, 3, 131,
1 33.690 ; 100 120 150 ¢ 3 ¢ 1, ¢ 1lg 1 2 2 V2l 2%, 3 3
[ 0 105.500 - 125 150 ;200 1 1, i 2 1 2 214 | 21, 3 3 3
00 133.100 150 180+ 225 . 1 2 2 (25 (2% 3 '3 .3 37,
000 167 500 . 1.5 210 ' 2:5 . 1 2|2 2lg 3 |3 3 3, 3%,
0000 211.600 : 225 ' 270 325 1 Y, 12 { 2lg 1+ 214 | 3 3 _ 3ta 31, 4
17 200.000 200 230 300 1l 2 20 | 214 | 3 | 3 31, 31, 4
250.000 250 1 300 350 1% i 21p y 2V | 3 3 R
500 . 000 295 . 330 400 | 13 121,13 3 R
350000 300 ! 360 450 ' 1Y% |25 3 3% 13 |4 ;
00000 325 390 | 500 . 1} i3 |3 3L [ 4 4 | : .
500000 ! 400 | 480 | 600 " 1'n ;3 | 3 3% 174 41y | i
i 600.000 : 450 540 | 680 2 3 |3 |3 4% 15 :
700,000 1 500 600 ¢ 760 . 2 3ip | 3l4 | 448
T 750.000 | 525 1 630 800 , 2 3% | 3% | 434
v 800.000 ; 550 : 660 840 2 315 | 4 414 ,
{7 900,000 | 600 | T | 920 2 ; 3, 4 41y | | |
“1.000000 | 650 | 780 | 1,000 |2 | 4 {4 5 | i ,
From National Electric Code, 1931 Edition. *
SPACING and DIMENSIONS of LOCK-NUTS and K. O.’s
Diam. | Punch ;'NOMINAI.‘ MiniMum Seacing oF Knock-Outs “A”
of Lock- ' Diam. {CoNoutt! ] ; ; , §
Norop O | sme | 1% 37 17 134"ag7] 27 136 37 By 47 57 6
1y Tl U tpl e 1761 2% (2% | 234 ' 3% 130y 3k 4k
T 5" % U Uy | 174 | 2 | 2% ;23| 3 3% '3l 414 i4°s
135" 13,7 - 134 I | 2bg . 234 |24 | 354 | 3%g 334 : 4% i 4l'y
2" 13,” 1357 TG 23y | 2% | 215 | e 39 300, 43401474
23 2" 11s° ‘ ' 3 M ! 1 3% 4% 4% : Sly
T 2T | |4 475 40w 3%
31," 3" 21," ! 43 4V Sy 53
4047 3557 . 3° j 4% 5's 5w 6'w
4" 447 3, i 535 i 534 i 6%
555”7 454" 47 | 535 64y | Olly
61, 5557 57 ; : T 7 %
SR S A ‘ 73,
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‘l) -~ CIGHTING INTENSITIES
= ’zg/z{mg ’f/nfensn‘tes

Intensity of lighting is by no means a measure of the real
valye of a lighting system. Many trained engineers have the
habit of strapping a meter measuring foot-candles across their
shoulders and when called in to check a lighting installation,
they rely solely upon what the meter does or does not read.
Quality of light is set aside as a secondary issue when, in fact,
it is the most important factor above all other things in lighting.

FOOT-CANDLE AS A UNIT OF MEASURE

The lumen is generally used by lamp manufacturers and many
illuminating engineers to indicate the light output and efficiency
of bare lamps, but for all practical purposes of compariscn,
foot-candle readings are generally used by practical engineers in
industrial plants. They avoid the measures usually employed by
theorists, eliminating errors and the necessity of using factors
for reflectors, diffusers, depreciation, utilization, and other
variables.

The rating of bare lamps on the lumen tasis is about the
same as rating automobile engines on the horsepower basis from
block tests, under the most favoratle conditions. However, this
does not give the actual horsepower of the automobile operating
under normal road conditions throughout the year,

The use of foot-candies on the job, rather than calculating
from lumen output values is the safest way to obtain actual
comparisons of one lighting system against another. The only
thing to remember, is that quality of light cannot be measured
by ordinary foot-candles, since quality is a measure of the
value of light in terms of seeing-power and foot-candies are

not a measure of seeing.

. .. . mercury vapor light appears to magnify de-
tails and produces visual results considerably greater
than its photometric intensity would indicate.”

Dr. Louis Bert, PH. D.
Author of *Art of Humination™
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MEASURING LIGHTING INTENSITIES

Many 'fcot-candle engineers® lack the proper techaique in
using illumincmeter meters in checking the effectiveness of a
lighting system. Usually, the meter is very carefully set 20
above the flcor with every precaution to avoid shadows on the
screen of the paddle. The meter readings are taken only on the
horizontal plane tecause a group or average cf such reacings
will give the highest results in general itlumination.

Hlumination on Horizontal Surfaces is a prime
' requisite in offices, drafting rooms and those shops where
. the problem is to provide the best illumination for sustained
vision of {lat surfaces on the horizontai or slightly oblique
plapes in which papers, books and other flat objects are

usually examined. For relative performance of various
units compare coefficients of utilization or any given
condition.

Iilumination on Vertical Surfaces is essential in
" many industrial operations where working surfaces are
% in vertical or oblique planes. It is likewise important in
. .: stores with vertical shelving, rug racks, elc., in art museums,
3 library stock rooms, office file rooms. Without supple-
" entary units, the illumination on vertical surfaces from
. ordinary general lighting units is of the order of one-balf
. to one-third of the horizontal illumination values.

Appearance of Lighted Room refers only to the
geperal or casual effect produced by the complete system,
and is not intended to rate the unit as to satisfaction from
the standpoint of good vision or freedom from eye fatigue.

Vertical illumination is very often more important in
production areas. Normally workmen view opaque objects which can
be lighted only from one side by a group of lighting units. Thus,
if the object happens to be located in the very center of a room
it will receive less than 50% of the light from the lighting units,
on the vertica! surface, whereas, a horizontal surface would receive
light from all units in every direction.

o) o
o o
o) O
o o

ueasuring vertical intensities
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Horizontal intensity takes no account of possible
obstructive shadows that may be caused by machinery, material,
or workmen, It is, therefore, a wholly unreliable measure of
the value of illumination for all cases. A much more relijable
measure would bte the average of vertical and horizontal
intensities. The most reliable measure is probably the
intensity on a plane perpendicular to the line of vision of a
workman in his normal position while at work. However, workmen
are constantly changing positions and their line of vision is
scarcely the same longer than a minute or two at a time, making
measurement rather difficult,

All measurements, regardless of the method empioyed, are
valuable only so far as comparisons between lighting systems are
concerned. Neither quality nor seeing-power is revealed by these
measurements. In lighting for seeing, there is only one thing
that counts:

The clearness and ease with which the
workman can seeto do his work. Al|{
that does not directly contribute to
this result can be left to take care
of itself; and all rules and formutlas
which are not directed to this end are
only useless detours, that get nowhere.
So~called working planes toil not,
neither do they spin; nor is the test
screen of an illuminometer the thing a
workman has to see.

PHOTOMETRIC MEASUREMENTS

The photometer is an instrument for measuring the relative
physical intensity of light. A portable photometer has been
assigned the name illuminometer, having its scale calibrated to
read foot-candlies. Here again the readings refer to physical
brightness of light. It does not account for the light-and-shade
contrast of the light which is a measure of quality.
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The physical intensity of light tells tut part of the
story. Cr. Steinmetz stated:

“{t does not musn that any two (i jhts, rcgerdiess of
their color, have the ssmc intensity If 2t thg seme
distunce from thcm, Objucts can Do 336N with tho same
alstinctness; as, for Instancs, print read with wqual
essa. Tho only eathod, thircfors, ehich permits comparing
and measuring lights of widely different color is the
mathod of roading difforences as used In the so=called
fuminometer., After alil, it is the theoretically correct
mathod of comparison, as it comparcs tho fight of that
proparty for which they ers vsed. Curiousiy enough, the
luminometer, thus, Is the only correct Light measwring
instrumant, and the photomster correct only insofar as
i1t agrees with the luminomdter.”

Dr. Louis Bell found that COOPER HEWITT light had a tendency
to reduce chromatic aberration and had a power of revealing detail
considerably greater than its photometric intensity would indicate.
Referring to mercury vapor light he states:

it acts as 1f it woere & light of auch higher candle-
powmer than It roelly Is. in fact, the assusption
that a galn In acuity s duo to & reel difforence in
candlopower, instead of the spurious difference
indlcated by the quatity of brightness comparison,
would lund to un efficliancy of light production in
the mercury vapor tube which Is, In the writer's
judgmant, quite Inedaissabie.*

Both Steinmetz and Bell intimate that contrast is a true
measure of lighting effectiveness. Without contrast, seeing
cannot te accomplished; while maximum contrast promotes ease of
vision. COOPER HEWITT light increases contrast 50% to 100% above
that of incandescent light.

SEEING AT WORKING POINTS

It has been stated that horizontal lighting intensities on the
working plane is not a true measure of a lighting system. Vertical
intensities are frequently less than 1/3 the horizontal values.
Thus, if 30 foot-candles are measured on a horizontal plane only
I0 foot-candles exist on the vertical plane.
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LIGHTING 1RTERSITIES

The sc-called working plane is a fictitious standard
having absclutely no connection with regard to production
visicn. The extreme care with which intensity reacdings are
taken at such wcorking planes indicate obviously that these
intensities are incorrect insofar as the point of seeing
1s concernec. Actually, *the point of seeing® is that which
is shadowed by:

I. The machine itself

2. Otstructions due to equipment
3. Tools at the cutting point

4, Workers head and arms

The shadowed intensities at these points are naturally much
lower than either the horizontal cr vertical intensities. Very
often these readings are around 2 or 3 foot-candles.

OBSTRUCTIONS

Machlinery

Oper stor

Oie

IITEISITIE§
vertical (exposed surfacels = « = = = 10 fr.c.
vertical {(working surfece)le = = = - = 9 ft.c.
WORKING POINT = « = = = = = o = o = = 3 te.e.
horaizontal (actual worhing plane} = = 20 ft,c,

“orizontal (fictitious working planel 30 ft.c.
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LIGHTING THE WORKING POINTS

't is apparent that all working points do not require the
same intensity. On course werk the intensity at the very point
of seeing may be only | foot-candle and yet sufficient to
enable operators to work with comfort. Some extremely fine
inspection work requires as high as 1000 foot-candles or more.

Every manufacturing operation requires special attention.
It is, therefore, quite impossible to set down certain limits
in tabular form recommending intensities of lighting for various
classes of work. [Illuminating engineers must study each opera-
tion carefully and gain a thorough knowledge of what the operator
is attempting to do; then and only then can lighting be recommend-
ed as a solution to the problem at hand. This may sound like a
fong way around and may even require many days to complete, but
COOPER HEWITT light has been recommended and sold by this method
for more than 25 years. It has gained a reputation that is the

envy of many.

Daylight intensities are high near the windows and low in
the middie floor areas.

In the largest wool treating plant
in the world, engineers measured
2500 foot-candles at the windows
and only 25 foot-candles on the
sorting tables.

Even with normal intensities of daylight, the amount of
light on the working points is lower in quantity and lacking in
quality when compared with COOPER HEWITT illumination.

On the following page are a group of close-up unretouched
photographs indicating the powerful effect of COOPER HEWITT
light at the point of seeing. No auxiliary light was used in
*shooting® these photographs -- mercury light penetrates to the
working points where vision is required. There is no glare and
shadows are luminous -- not even daylight can compete with

results as amazing as these.
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TESTS AT THE POINT QOF SEEING

Several tests made in large industrial plants indicate
that vertical intensities average 100% higher under COOPER HEWITTS
than under incandescent when the horizontal intensities are the
same. In one particular test, the horizontal intensity of
incandescent units was somewhat higher than a corresponding
installation of COOPER HEWITTS and yet the vertical intensity of
the incandescent system was about 50% lower.

Many other tests taken at the point of seeing and in shielded
places show that diffused incandescent light lacks the punch given
out by COOPER HEWITT light. Incandescent light at such points may
provide only a fraction of | foot-candle (in the recess) while
the mercury vapor light under the same conditions provides 2 or 2
foot-candles at the same point. This is exemplified diagrammatically
on the following page.

Incandescent lamps emit fight from point sources while mercury
light is distrituted from a reflector over 5 feet long or an
equivalent area of almost 5 square feet. On automobile lines and
other equally important work, one COOPER HEWITT lamp will surpass
the illumination given off by two diffusea incandescent |amps.

Light emanating from a point source is bound to cast dark
obstructive shadows in partly enciosed sections where important
machining of surfaces is being undertaken; the result is poor
vision where good vision is essential. |Increasing the intensity
in an attempt to better light these sections usually results in
deeper, more objectionable shadows. The application of local
lighting assists in increasing the intensity somewhat in these
recessed areas but still falls short of providing the eyes with
'seeing-power" that eliminates eyestrain and fatigue.

COOPER HEWITT light is uncanny in its ability to put light
where light is needed -- it penetrates into niches and recesses
where other lights fail and because of its greater detail reveal-
ing effect, by virtue of increased contrast and retinal bright-
ness, only one haif the light as measured photometrically is
required, when compared with incandescent light.
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LIGHT ING INTENSITHES

Typical examples of COOPER HEWITT and incandescent
lighting with resultant intensities at the seeing points.

P -
- _ & a o

/\ N\ A

General average iliumination 30 foot-candles

Seeing point 0.5 ft.c.
—-/

General average illumination 30 foot-candles
Seeing point 3 ft.c. 7777
100% contrast —T™—— 12
Ll
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LOCALIZED LIGHTING

Wherever possitle, the use of localized lighting shoula
be avcidec. Many eagineers in speaking of local lighting refer
to drop lights or bracket lights using incandescent bulbs,
However, this is not the only form of localized lighting used
in industry. COOPER HEWITT light has teen used in this manner
for many years.

The main consideration in local lighting is that contrast
values for full vision must not exceed | to 10 and preferably
| to 5. In other words, if 100 foot-candles of local lighting
is used, at least 10 foot-candles of general lighting and
preferably 20 foot-candles, should be used to remove the hazard
of too much contrast between light at the working point and
light in other portions of the working area.

The average individual considers that the human eye can
endure greatly varying intensities in relatively short intervals

of time. In many respects this is true, put the final outcome
is eyestrain and fatigue. Insofar as the eyes affect producticn
the effect is detrimental! right from the start, as illustrated
below,

The cantraction of the

eye 10 protezt the

sensltive retina from

ONE MINUTE
glare ang high spot

tighting takes place

- e e in one second -~ o
ONE SECOND * vt

it takes €0 times
fonger to expang ajain

for normal seeing.

Leoking from intensely lighted areas to propcrtionately
lcwer surrounding intensities, causes viclent alternate
contraction and dilation of the pupil, which usually occurs
several thousand times a day. The amount of time wastecd bty
eye adjustment, eyestrain, fatigue and drcwsiness, are agirect
causes of lowered efficiency of workers ana loss of operating
economy.
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HIGH SPOT LIGHTING

There are a few instances when bracket lighting using low
wattage incandescent lamps will prove advantageous with
COOPER HEWITT lighting. The occasions are rare, tut when they
do arise, blue daylight incandescent {amps should be used in
order to effect a better blending with the high visual rays of
mercury light. This combination will give satisfactory results,
diminishing eye fatigue usually experienced with bracket lights
in ordinary lighting installations.

In practically all production areas bracket lighting or
hot-spot lighting is unnecessary. Occasionally an extension
lamp may prove helpful in setting up complicated machines, but
once this is accomplished, the auxiliary lighting should be
abandoned. Where these conditions are likely to exist, outlets
should be provided at certain intervals for the temporary use
of extension lamps.

The general application of localized lighting might well be
avoided in areas where production is the keyword. Some of the
most common objections to bracket or built-in lighting may be
lis.ed as foliows:

|. Glaring tc the eyes -- either direct or
specular.

2. Spotty lighting conditions.

3. Poor eye accommodation.

4, Rapid depreciation on account of being too
close to working points, therefore quickly
accumulating:

a. QOil and grease
b. Dust and dirt
5. Where ordinary drop lights or bracket lights

are used the above ingredients gather on
lamp and reflector shade.

6. Where built-in Jighting is used with glass
cover, light absorption takes place through
diffuser as well as dirt accumulation.
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7. Fequires constant cleaning, otherwise
effect no tetter than general ilfumination.

Filament life in standard lamp shortened by
high frequency vibrations such as caused ty
motor tum or high speed gearing.

)

2. Special lamp needed to overcome short life
due to vibration and this is available only

in 50 watt size.

10. Breakage of glass cover and lamps.

It is hardly necessary to mention the avoidance of bare

incandescent lamps near operators, yet there are a few who
cisregard the hard set rule in this connection. Cthers
forget that reflected glare may also te seriously objectionatle

even in properly designed units.

[f tte general iliumination were of proper design and had
the power to increase sharpness of vision as in the case of
COOPER HEWITT light, neither type of local lighting inaicated
atove would te required for the particular class of work

undertaken.
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(a)

PLANNING FACTORY LIGHTING

A lighting layout, in order to be satisfactory, must be
desijned in accordance with conditions as they exist in the
particular case under consideration. Practically every factory
or mill has some peculiarity which may have a distinct bearing
upon the final choice and location of the lighting units. The
design of a lighting system must take into account the position
of machines and work benches, even in the so-callied general
system of lighting. Many advantages with COOPER HEWITT lamps
are discovered by placing them at definite angles with certain
types of work, although spacing of lamps may te uniform.

While it is apparent that many factors influence the
arrangement of lamps with respect to a 'job*® there are three
accepted methods of lighting in general use in industrial plants:

i. General or overhead lighting
2. Group or localized general lighting
3. Local lighting

The reason for classification of lighting methods is due
primarily to the intensity required to perform certain working
tasks. Such intensities must be delivered to the required area
in the most practical and efficient manner possitle.

GENERAL LIGHTING

General lighting seems to be the most popular and in reality
is the ideal method of factory lighting. However, the machines
and working planes must be properly situated and of such a
nature as to utilize uniform illumination efficientiy. A general
lighting system is one which has its lighting units mounted over-
head and symmetrically arranged, as nearly as possible, to give
approximate uniform illumination or even diffusion over the
room to be lighted.
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The height and spacing of lamps depends upon many factors,
of which the most impcrtant is the intensity required. Low
mounting and fairly close spacing is a necessary factor in the
production of high quality hosiery as exemplified ty the modern
full-fashioned mill, The assembly of an airplane requires
less intensity of illumination and because of the large parts
handled the lamps are mounted high above the floor.

The fact that less
intensity is requir-

ed for one particular
class of work than
another, does not in-
dicate that the task

of seeing is proportion-
ately reduced. As a
matter of fact, there
must be no sacrifice to
accurate vision in eith-
er case. Thus, the
full-fashioned hosiery
mill must have a high-
er level of illumina-
tion than the airplane
assembly plant, if an
approximate equality

of visual effect is to
te obtained. So at the
end of a working day the
optical senses of a
worker should be similar
whether he works in the
one place or the other,
Note particularly how
the general illumina-
tion of COOPER HEWITT
{ight reaches every point on the giant airplane, even underneath

the wings.
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GROUP LIGHTING

It is obvious that general lighting is not always the
most efficient to light a factory or room. Where the nature
of the work and machines are the same, as in the weave shed,
general lighting is unaquestionably desirable.

S

The condition is
entirely changed

in the laundry

room. Here the
light is grouped

in accordance with
the type cf work
carried on and the
grouping of machines.
In general, however,
group lighting is
similar to general
lighting, except
that individual
sections of a room
are considered
separately as far
as spacing of
lighting units are
concerned.

The main thing to
remember, however,
is that units must
not be grouped in
such a way that
extreme spotty
lighting will result; this would be particularly undesirable in
machine shop areas where hazardous operations are usually

being performed. Avoiding excessive spotty lighting means
avoiding contrast -- it is natural that men are more likely to
be injured when working in shadowy places and under conditions
which prevent them from seeing hazards quickly.
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LOCAL LIGHTING

Local lighting is very often necessary where extremely
high intensities are needed over small areas., Two very
striking examples of this class of lighting are given below,
where lens and glass inspection are being made at close range.

These are unusual
cases, but give a
very good concept-~
ion of what is
required of an
illuminating engineer
when planning in-
tensities or a re-
liable factory light-
ing system. It also
gives a practical
demonstration of how
well COOPER HEWITT
light can te applied
to any class of work
without the usual
planning of eliminat-
ing glare and shadows --
simply because COOPER
HEWITTS are glareless
at the source and
produce only luminous
shadows on working

‘“‘ —_—- - surfaces.
‘\ Noal -

For the exacting work

of lens inspection
COOPER HEWITT makes
water marks, sand holes,
scratches and other
minute blemishes easier
to detect. The inspectors who do this work report a tremendous

relief from strain.
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fany 1. Lvtin; systéems .se Tcr2 than cne of the three

o . In special cases ali three may te adopted,
uld rarel, cccur in the same room, A general
system witn iocal lighting, cr a group csystem with focal light-
ing are the Tost common variations. The newspaper complsing
room illustrates group and lccal tighting. The local lighting
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is represented ty the lamps alony the windows. These lamps are
suspenaed lcwer and closer together than those in the foregrouna
on the photograph. This class of work with its new cast type,
cemand fcr speed, accuracy anc continucus night work, furnisres
a real test for illumination. Only soft giffuse light, with
tack of glare anc reduction of shacows is wanteg bty tte printin;

ingustry.
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“he speecometer ascsembly department uses what mizht te
termec a "jeneral-jroup-fccal* lighting system., The tamps are
o grougec ovar the assemtly tables, bheing symmetrically spaced.
“re assembly of small jewel parts in this cepartment requires
worn as clcse as watchmaking, ccnsequently the lamps 7tust te
spacec close together and as near the assemtly tatles as proves
necessary.

It is apparent that the planning of a suitable lighting system
depends entirely upon the class of work anc the distribution of
machines or equipment to be lighted. Although there are three
general methods of lighting, these may te combined into one when
considering COOPER HEWITT installations. This one method might
be called "local lighting', since any required commercial intensity
can be furnished without sacrifice of a soft and evenly diffused
light. The intensities of this local lighting system can be
varied by a change in height, spacing or number of lamps. The
intensity required depends upon the job to be lighted, while
height, spacing and number of lamps depend upon surrounding
conditions as well as the job.
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Modern machinery is built upon the efficient use of energy.
It 1s desijned to perform certain functions accurately and
within a minimum time. As a feature of economy its final
requisite is its life and how well it continues to perform
with a minimum amount of attention and expense. Poor shop
conditions or inefficient machinery have a detrimental effect
on output, whereas, good shop conditions or efficient machinery
tend to increase production and build up good-will. All of this
is a measure of general economy.

LIGHTING A FACTOR OF ECONOMY

No matter how automatic a machine may te it requires human
attention at some time or other. This attention may te required
while the machine is running, during initial set-up or for
ordinary repairs. In either case, light is a most essential
factor in assisting the human seeing machine to perform the
necessary duties accurately, easily, and efficiently,.

It is difficult to explain, in
words, just how lighting will
accomplish accuracy, ease and
efficiency of vision, but if a
concrete example relating to our
daily experience is taken the
case is readily understood.

Take then, the automotile ang
drive it 50 or 100 miles in the
daytime -- at the end of this
drive no particular exhaustion

is noticed. Drive the same
distance over the same road at
night and body fatigue is quite
apparent; yet the only difference
is in the lighting. This fatigued
condition is not due to the
performance of actual work but is
brought about by gripping the
wheel more tightly and using up
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a terrific amcunt of nervous energy in trying to see clearly;
the muscles of the body are tense and the whole tedy seems to
te under a strain during night driving,

The condition of daytime driving is further improved on
days that are clear and coo! without the glaring effect of the
sun. The intensity on the road has teen cut down considgerably,
but the soft even diffusion is appealing to the eye and prevents
any form of eye irritation. COOPER HEWITT gives the same soft
even diffusion of light in a factory; i1t does not irritate the
eye, nor does it fatigue or tire the body. Good lighting is,
therefore, good economy.

COST OF LIGHTING

In the case of the automobile, good lighting from head lamps
is an asset to the driver as far as reducing strain is concerned;
it eliminates the dreaded hazard of an accident. Only the best
lighting on an automotile is demanded. True, one can proceed with
only one head lamp burning or an inferior set of head lamps, but
travelling is slowed up and accident hazard increased. Most
important of all is the fact that the cost of the best lighting
available would be tess than 2% of the car investment.

The cost of factory lighting is analogous to that of the
automobile when considering fixed and liquid assets of a manufactur-
ing concern. Recently Ward Harrison and C.E. Weitz published an
interesting set of charts showing the distribution of capital, assets
and production cost of the manufacturing industry.

The figures on the charts are based upon statistics compiied by
the Oepartment of Commerce and general statistics and surveys by the
Engineering Department of Nela Park.

The best lighting installation costs no more than 2% of total
investment. Compare this with the machinery and tool investment of
32%; then consider the low cost of lighting as a protection to
machinery, tools and equipment. Damage to machinery and tools alone
due to inadequate lighting might well pay for a lighting system
regardiess of initial cost.
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The operating cost is given at a fraction of one percent,
is protecting an

namely, 0.3%.

investment of 52% in materials.

This extremely small

investment

The two foregoing paragraphs contain a wealth of information
as regairds the economy of lighting and will be prominentiy set

down as follows:

CAPITAL ASSETS

Lighting cost at .

Machinery
Tools
Equipment

PRODUCT ION _COST

Protects

Cost at.

.

Lighting cost at .,

Materials at

Protects

52%

0.3

52%

W0
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Appraising tighting in terms of factory emsloyees, the
folicwing tenefits are outstanging:

i Beizer seeng and  ronsequently  higher  production
ethciency:

2. Less evestrain and eve defects, and general conservation
of vision: '

3. bewrr accidents with consequent less suffering of the
worker and less actual monev loss due to attendant or
“hidden"" costs:

1. Bright and cheerful working conditions, having fa\urable
influence on labor turnover which in normal times may be
as high as 100C, per vear.

Cther benefits relating to various phases of plant operation
may be read off the charts.

VALUE OF GOOD LIGHTING

In discussing the value of a good lighting system, all of the
benefits listed above must be carefully analyzed. Those
responsible for plant improvement are apt to consider only the
increase in production that is likely to occur. Naturally
production increase is a vital factor in any manufacturing branch
of industry. Fveryone seems to be talking increased production
to manufacturers without heed to its authenticity. As a matter
of fact, the term is very often misunderstood. The mere fact
that more yardage or machined pieces leave a machine, does not
imply that all the merchandise is in perfect condition so as to
be salable with a profitable return. Spoilage to materials must
be eliminated or held down to a minimum,

In the process of manufacturing, materials must be clearly
seen 3¢ that inspection can be made as production continues.
Lighting must he adequate in prodaction areas as well as in the
inspection department.

COOPER HEWITT lamps deliver the proper quantity and quality
of light at the working level where it is needed.
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Ceep in the works
of any machine,
loom, lathe, or
punch press, there
are fields of
reduced intensity
which |ight does
not reach directly.
COOPER HEWITT
provides more
seeing power at
these points than
any other type of
illtumination.

Unless lighting
reaches these
points it is not
serving its purpose.
Operators cannot
properly see their
work and let defect-
ive material pass by
unnoticed. If this can
be avoided, the inspection
department will get better
goods resulting in fewer
rejects and seconds. COOPER
HEWITT lighting provides soft
even diffusion -- high lights or
glare are never prevalent. This
means more accurate work with the
ability of operators to catch seconds on the jobt, eliminating
the necessity of double inspection.

Long light sources. juf h
wsnal vewits, devp and
witricate penctration all
charucterize Cuooper Hewilt
[Hlununation. These factors com- .
bined make it eusily possible to see /
detarls cleurly even in remote recesses.

We find the Cuoper Hewitt lamps very efficient
for our product. We find that with the use of this
light we can much more clearlv find defects in ball
races, and also do it more accurately and quickly,
than by the use of the ordinary tungsten light. We
are also able to read more clearly the fine gradua-
tions on the dial indicators on our measuring in-
struments.

D. F. CuamBCRs,
Horks Manager

The Bearings Company of America. Lancaster, Pa.
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Inadequate lighting will be a source of nuisance insofar
as spoilage is concerned. Concidering this and bearing in
minc¢ what has just been said, the following statement aids in
clearing up a general misconception:

Increased production does not necessarily
mean more yardage or number of machined
pieces turned out by a worker -- it means
more material rendered usable or eligible
for sale. In other words, reduced spoilage
is, very often, of prime importance when
considering increased production. Seeing
the work well means doing the work well,
Thus, increased production not only accounts
for a saving by allowing more goods usable
but also accounts for reduced manufacturing
costs due to eliminating waste of workers
time and spoilage to materials.

Prof. C. £E. Clewell shows the value of good lighting with
regard to the above statement:

“Let us suppose a new and [mproved lighting system is under
consideration. Two methods of lighting argo proposed, The one
claims s saving in the Vight pllt of say 5% whereas the other,
due to fte superior T(iuminating qualfty, claims a possivie
saving of 1% In the manufacturing cost because the workman esy
be abis to seve as such 43 flve minutes per elight Nour day,
former )y lost dus to poor lighting.

The flrst claims & saving of %% In Jighting costs, or five cents
on the doller. The other clalas a saving of possisiy 1% in
manufacturing cost. Since for every dollar spent for light,
$3000 is the veluo sdded to the manufactured product, the 18
seving would smount to $30,00.

&s far as values are concarnad, the system which cen show o saving
of $30.00 pur unit of time I3 600 times as Importunt to the factory
as the one which clalms mereiy s saving of five cants in (ighting

costs for tho same Interval.”

Familiarity with the results of Cooper Hewitt's even
intensity of cool, green light has led many practical
authorities to call it ““better than daylight.” From an
industrial standpoint, this is quite within reason con-
sidering its 24-hour availability, its uniformity, and
low-cost upkeep.
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RESULT OF BETTER LIGHTING

of [iteratyre published showinjg tne

. -

el re Aystin Ccmpany ‘Snjineers
-

-

{
acvantazes of i-proved 3
and Zuilgers) reporteag tm2t a- -~yzct sation conducted in some
220 ptants i1 wnich mcdern ' ;~1.-: -;stems were installed,
revealed production increases from 8 to 17%.

There jc a jreat cea
i (N 3
* »

Class of Work Foot-Candles Production
Old New increase - %

Stamping and Pressing 0.7 13.0 12.2
Semi-Automatic Buffing 3.2 11.0 8.5
Soft Metal Bearings 4.6 12.7 5.0
Heavy Steel Machining 3.8 1.0 10.0
Carburetor Assembling 2.1 12.5 2.0
Spinning (Textile) .5 9.9 17.0

Most of the time increases in production are difficult to
find unless a very careful series of tests are conducted over a
considerable length of time. Unfortunately lighting must be
classed as an intangible factor since it depends upon the human
element in working faster rather than causing a machine to run
faster. The results are far more tangible when spoiiage or
seconds are considered since the outcome is more or less of a
physical nature.

Good lighting affects production particularly when manual
labor is largely relied upon for a finished product. The more
automatic the machinery the less important the lighting in
relation to production output, but never is the point reached
where good lighting is not a paying proposition. At some time

or other good lighting will be required regardless of how
automatic the machinery may be; when that time comes good
lighting will prove a worth while investment.

Cooper Hewitt mercury-vapor lighting has proved
through long experience the most efficient lighting that
can be found (and the records cover more than thirty
vears and hundreds of mills of all types.)
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COOPER HEWITTS IN INDUSTRY

curing the past 25 years, thousands of economy and
efficienrcy tests have been made in practically all the leading
industries on fine and coarse work, which have proven conclusively
that toth men and women can do more and better work with less
scrap and seconds, under COOPER HEWITT light. A few of these
tests will be briefly related:

I. Mid-State Cloth Mill, Newton, N.C. Rayon Weaving
Department. Modern monitor type building (Good
daylight on bright days). Originally COOPER
HEWITTS were used during daylight hours - - in an
act to economize, lamps were turned off and seconds
rose from a normal of 4% to 7%. Naturally lamps
were turned on again - - the blending rays of
COOPER HEWITT with daylight affords better vision
during the day shift.

2. The Marion Manufacturing Co., Marion, N.C.
Taking everything into consideration, their
production over daylight and incandescent lamps
increased about 3.5% after COOPER HEWITTS were

instatled.

3. Stehli Silk Mills stated that in normal times
their night production was 4,1% more than the
production in daytime.

4, Susquehanna Silk Mills, Sunbury, Pennsylvania,
claim they secure abou: 4% more production at
night than in the daytime.

5. Woonsocket Falls Mills, Woonsocket, R.!., since
the instaltation of COOPER HEWITT lamps, have
increased their production on the night shift
two yards. The management transferred the same
operators to another department on another floor
using incandescent lamps, and immediately they
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feil tehinag seven yarcs, in other worcs, they
went four yarcs behird what they had previously
cre .nser incanaescent lighting, and that
cortinued for nearly a week; then they gradually
came yp to the criginal production,

kcieproof Hosiery Co., Milwaukee, Wisconsin.
The improved production which COOPER HEWITT
trought atout in the Looping and in Holeprcof
Knitting Departments, stirred deep interest
throughout the knitting trade. Holeproof
enginesrs made the report, and gave COOPER
HEWITTS credit tor a definite producticn
increase of 4.2%.

Millard Yarn Co., Ballston Spa, N.Y. Foster
Winding Depastment. Mr. Milltard has
recorcded the following data in his payroll
leccer which refers to the weekly wages of

R girls:
Girl Earnings Earnings
Before C.H. After C.H.
M.G. $15.06 $19.7 |
V.H. 14.06 20.30
A.G. 13.67 24.23

No changes were made other than painting at the
same time COOPER HEWITTS were installed. The
old system consisted of 3 rows of lamps with
150 watt bulbs, (total of 15 lamps) as compared
with 8 COOPER HEWITT lamps.

fn a targe southern mill in a Lcoping Department
workers turned out 25 to 30 dozen pairs of black
hose before COOPER HEWITTS were installed, and
50 dozen pairs after they were installed -- an
increase in production of 50%.
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LIGHTIRG ECONOMICS

A page of testimonials proving why COOPER HEW!TT tight

is preferred by pace setters in the industrial field.

Hundreas

of other letters with equally interesting evidence are on file

at COOPER HEWITT headquarters.

W have useld Coover Hewitr lights for the past
aine -ears. One paroicuiar "act that impresses us 13
that even arrer a tube has burned two or three vears
w2 ang we can see just as well as when first installed,
and b+ «eeping our reflectors cleaned there is no
noticeable Jdepreciation in the amount of light. We
are using Cooper Hewitts to equip the new looms we
are installing.

J. B. Saitw,
Superintendent
The Donerry & Wadsworth Ca., Allentnwn, Pu.

In 1920 we installed the Cooper Hewitt lighting
svstem in our weave room, slasher room and long
chain beamer room. We are very much pleased with
the rperation of the system. Our light bill, including
power and lighting apparatus, is lower. Even without
this. we would certainly want this svstem because
the operatives can do better work, especially in the
weave room. with this kind of light than with the old
stvie of lighting.

L. D. Pirrs,
Treasurer
Industriai Cotton Miils Co., Rock Hill, S. C.

We find the Cooper Hewitt lamps very useful to
us in certain Jepartments where they not only give
general Jllumination. but are free from the shadows
and glare which are objectionable where we are work-
ing wn polished steel.

We have one hundred four of these lamps in-
stalled in our Steel-Tape Department, and they are
giving us great satisfaction.

Having used vour lamps for the past eighteen
vears.we find them very economical. Itis the nearest
thing to Jdaviight that can be produced artificially.

Frep Brer.

Pres. and Genl. Mgr.
The Lufkin Rule Co.

We 4. not use anv individual drop lights on our
machines. Qur work necessitates working down to
verv close limits. Even on machines where we work
to one half-thousandths of an inch, the operator
can gauge his work accurately without eve-strain.
The elimination of drop lights, we consider, is a
decided advantage.

CHrYSLER CORPORATION,
Davion Divisian

These nperating savings in £ werinput. “heft and
breakage' are secondary in .mportance 'O the m-
provement in quality of ligrting tnrughout the
shop. which has resulted in a zvneral increase in the

efficiency of the operation. (ne worker previousiv
turning out 70 units in nine heours is now 3oing 30 a
dav. an increase of 14, that the warker attributes
to better light and to the fact that he 2~es nnt have
to depend on a drop light in setting up and gaging
his work.
W. M. ReicHarT,
Piant Engineer
Chandier & Price Co.. Cleveand. "'

The cost of Cooper Hewitt Lamps, 1 wleguatel
light full-fashioned hosierv machines. is nlv spour
343 of 197 of the cost of the machines. The hest gt
obtainable for this class of work is. in our apine o
Cooper Hewitt Work-Light: and it is vers essentis’
t> have the best light for the work that can be usez
The cost of the Cooper Hewitt Lamps, as ¢
10 the nther investment, is practically a

we consider them a gnod investmens.

Witttas NEBEL.
Presiden:

Nebei Knitting Company. Charlrtre, N U

We have no direct comparison of absolutely equal
operations under the two different lights. The closest
comparison we have is between two loom floors. The
floor equipped with Cooper Hewitt lights is working
on more difficult work than the floor equipped with
incandescent light. There appears an increase in
production of between 3% and 4 on the Conper
Hewitt lighted floor as against the incandescent
lamp lighted floor.

We feel that the reduced eve strain with the
Cooper Hewitt lights makes them worth while and
we are thoroughly convinced that they do reduce the
eve strain in a great manv of our operations.

C. H. Masctaxp. 2~p.
C. H. \Masiand & Sons. Inc., Philadeipria. Pu.

We nind the Cooper Hewitt iamps very ethcient
for our product. We find that with the use of this lizht
we can much more clearly find defects in ball races,
and also do it more accurately and quickly. :tan by
the use of the ordinary tunesten light. We are alzo
able to read more clearly the fine graduations i the
dial indicators on our measurinz intruments.

D. F. CH\uBERS,
Horks Manazeer
aos Comipan o Ve oo L

I"ve Bea aeter. Pl
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CHIMTIAG ECOROMI TS

COOPER HEWITT LIGHTING INEXPENS!VE

Carlier in this section lighting was shown to represert
onlty 2% of initial investment and J.3% of operating cost. This
is inceed an excellent way to chast the low cost of lighting but
there are more convincing ways to prove the economy of lighting
in a practical manner. A few of the more prominent conditions
will be listed.

I. The cost of lighting averages about 1% cents per
man per day -- which is equal to the cost of about
2 minutes of a man's time -- the time it takes to
get a drink of water.

2. There are 480 minutes in an 8 hour day -- a waste
of 5 minutes (1% of 8 hours) will pay for light --
lighting costs less than 1% of the payroll --
consequently light is cheaper than 5 minutes of a
workers time.

The average life of a COOPER HEWITT tube is 6000
hours -- 25 cents per month -- or | cent per day.

4, The cost of operating a COOPER HEWITT lamp is
atout | cent per hour.

5. A COOPER HEWITT lamp will light 150 to 250 square
feet of floor area -- providing good illumination

for 4 or 5 men.

[#8)

5. The total cost of lighting including current,
renewals and cleaning -- amounts to 2 cents per
hour -- or 2 cents per man per day.

7. The automobile industry estimates that by saving
1% on lighting -- they might save | cent per
car -- if the 0% was applied on good lighting --
production would increase 1% -- resulting in a
saving of 25 cents per car.

€. One COOPER HEWITT lamp lights machinery costing
$5000.00 to $15,000.00 -- at a total cost of
approximately 2 cents per hour.
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LIGHTING ECOROMICS

COMPARATIVE COSTS OF LIGHTING AND MACHINERY

Cost of Lighting

$25.70 per unit (COOPER HEWITT iampl

tnterest (6%} o o . o . 4 0 s e a4 .o $ 1,50
ODepreciation {10%}). . . & o &« o o « » o 2.0
Current (2000 « 450 5 015}, ¢ & « o« & 12,950

Tube maintenance {2900/4000 x 10,8014, . .50

Total cost par 2000 howurs « « « + « ¢ o %21, 19

Total operating cost per hour . . + .+ & 0,9108%

Cost of Machinery

$2%,000 per unit (Keller Dle Sinking vachine)

Interast (6%) ¢ o ¢ ¢« ¢ 4 4 . 4 e 0 . 0. $1500, 70
Oeprecistion (10%). . o « o ¢ o & o« & & 2500.90
Maintenance (including Tools, @i,

etc. | estimatesd . . . . . 200,90
Total cost per 2000 hours « o « « o o o $4200.00
Total operaving cost per hour . « « . » 2,10

Cost of labor

Cost of skilled labor per hour, . . . $ 1. 00

The above comparison can be applied to varying prices of
machinery by rough approximations. |f the cost of a machine is
$2,500 the total operating cost per hour would be about $0.20; on
the basis of $5000 -- $0.40 per hour, etc. The labor may vary
somewhat but will probably be close to that given for skilled
lator. These actual figures prove conclusively that lighting
recresents cnly a small fraction of the total shop expenditure.
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LIGNTING E£CONOM: (¢

PRACTICAL COOPER HEWITT LIGHTING

EXAMPLE NO. |

Above is shown a close-up of six Keller electrically
operated automatic die sinking machines in the Forge Plant of
Dodge 8rothers (Chrysler subsidiary), which copy impressions
as intricate as engravings. MNote how thoroughly lighted these
machines are top and bottom -- and a difficult vertical plane
to light, too!

There are 456 COOPER HEWITT ltamps in this installation,
arranged 8' x 12' and 12' high at about 43 watts per sq. foot.
Each $25,000 machine is lighted at a cost cf approximately
2 cents per hour; and that covers current, renewal tubes and
periodic cleaning of lamps. Twelve cents per hour represents
the total cost of lighting perfectly a group of six machines
worth $150,0090.
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LIGNT IHG ECONOMICS

EXAMPLE ND. 2

s

r YRS L Tturd $70es sye INI “and zu=0rginatin
23t 3 Jefelr cefare 't has 4 chance

d1mdge "te ‘a3 i, Tne numraer 34 jefects t-at

» . - M .

€% 2y This 00Nt Gjives § Tirect zNhecw onm
the va:ue >° t.gnt:9¢ a5 t 310es O4 the skill
Ct Jperaters, Tre demchstratea adility of

COOPER MEWITT ligrt *9 recduce this numper hag '
FUT it ints try country's feading =ilg, 1ty
guparlort, i3 evident, its avility to pay for
itsett unquestiones.

v e T
halait .i.m“'.
B N
s
.

-

......

Above is a close-up of a Seamless Knitting Machine. Modern
machines of this type are priced at $470.00 each. Ordinarily one
COOPER HEWITT lamp will light eight knitting machines. Thus, the
investment in machinery is $3760.00, against $25.00 for lighting;
representing less than 3/4 of 1%. The first cost of a COOPER
HEWITT lamp per machine is $3.12. A saving of only | cent a day
with better lighting will pay for the investment in a years time.

Other examples of a similar nature can be cited for every
department where industrial work is carried on. Exceedingly smatl
increases in production, reduced seconds and spoilage to
materials will pay for COOPER HEWITT lighting in a surprisingly

short time.
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OFFICE AND PRODUCTIVE AREAS

on tetween General “ffice areas ang prcduction
al cscme very interesting pcints. Scme of these
rative numerical crder telow:

a
-

N
—
M
(7))
o
WD
(@}
)
(&}
O
3
v

Office ‘Non-productive!

] e, Twiamy
0ty TR
i :::A::i: l‘::f':: 1. Comprises 2% of fiscr 2rea
; . ‘BE {’:f f ::?:'! 2. General comfort zarefuliy comsiduren
::4 :'; . ‘=:: 2. 5003 diffuse iizhting
::; ' : b. Cilvan wingomws
’ “. ! gl c., Cilgan light walls
::] : EN lomfortabie chairs
V'Eé;; ;! ¢, Typewritury «quipped sith s0ft 3r.en
li: < preurmatic koys
fii; o 1, Stenojraphers paiz $25.30 toc $30,00 1 weuk
- 4, TYypawriters wortr $E0_ 70 25 1K 00
—— He WMatariei uswd, provtiy S0 cunty & 3:y

€. Spoilage to maturials
a. Bond paper

b. Carbon paper

'. W0 preucautionsry measures Of prycision work

RO hazardous Operations --— accidents un'ixe!y

DIVIDENDS == |ittie or none

~
.

Factory (Productive)

1. Comprises 389 of flocr area
2. Very little comfort providad
1. Seall percentage of factorics nave googd
fighting
b. Congitlons usuaily not clcan
[ Chairs or stools rare fixtures

4. Parts handleo usuaily steel

1. Skillea tsder paie $4°,00 to $40.70 & wouh
Y. Machings worth $2870,70 to $29,000,00 wach
&, waterials usevd morth ¢5.00 to $50,00 or morec
. Spoilage to materiais

a, Costly machined piwcus

5., Expensive crstings

. Apundance of pracision eork constituting
iarje expanse
9, wany hszar3ous operations Involvir; consideradie
expense charjed to
a. Accizents d. Lowerea moraie
b. Namage to machines wo UNheattny congiticns

. Large tabor turnover

9. DIVIDENDS == ropresents practicaltly 170%¢
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General Ofive and Works—Hoboken N JL U S A

GENERAL @3 ELECTRIC
VAPOR LAMP COMPANY

HOBOKEN, NEW JERSEY, U.S. A.

ATzanTa. Ga.: 187 Spring St.. N. W. Hottywoop. CaLiF.: Keese Engincerag Co
BosToN. Mass.: 250 Swiarce St ~380 Manta Monmca Biva.

CHARIOTTE. N C.: 200 8. Tryon St PHILADELPHIA, Pa.: 42+ Clestmur &t

Citcaco Irr. 37 West Van Buren St PITTSBURGH. PaA.: 307 Fifth Ave

CincisNart Oxto: 107 East Fourth St RoCHESTER. N. Y.: 183 Mun Sto East,
CLEvELAND. OHI0 1365 Ontanio St SaN Francisco. CALIF.. Kewvse Erwmnsinag €L

Detrotr Mici.. 3044 West Grand Blvd, €<~ Market St

S1. Louis. Mo.. 611 Olive St
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