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VIA FEDERAL EXPRESS

Catherine Garypie, Esq.
Assistant Regional Counsel
U.S. Environmental Protection Agency JlJd I " 193*'
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. In
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 Technique, 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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June 27, 1996
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.

Enclosure

0008148.01 June 27, 1996 (ll:00am)
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•fODERN GLASS WORKING
x>ur stream and are carried along with it.
mixed with the gas is then condensed, but the
ream of vapour presents an impenetrable
e gas, preventing its diffusion back into the

!. »
B

FIG. 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
i above a certain critical value, by efficient
neighbourhood of the jet, and by choosing
stance which has a low vapour pressure at

. I-

DIFFUSION PUMPS 123
the temperature of the condensing jacket. It is probable
also that the design of the jet may affect the pumping.

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 o.i 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

FIG. 70. An early design of diffusion pump by I. Langmuir.

706970



A COMPLETE

TREATISE
ON

INDUSTRIAL ILLUMINATION
WITH

MERCURY VAPOR LAMPS
BY
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This material is written for manufacturers, salesmen, prac-
tical plant engineers, and busy executives. It is a 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 Electric Vapor Lamp Company have an enivable
reputation.
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A MESSAGE FROM THE GENERAL SALES MANAGER

As one acquires wisdom, a f u l l e r a p p r e c i a t i o n of the
element of tine becomes apparent. Time must elapse, not only
for the purpose of education and the m o u l d i n g of o p i n i o n , but
for the human m i n d to develop a conception and acceptance of
anything that w i l l take one out of the deep groove of an old
established habit — a d i f f i c u l t barrier to surmount.

The General Electric Vapor Lamp Company, formerly the
Cooper Hewitt Electric Company, has for 30 years been preaching
the gospel of humanitarian l i g h t i n g .

It is only necessary to review the history of important
inventions to understand the time required to e n l i g h t e n 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 1903. It has been
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, w i t h the result
that the changes wrought in the lamp I knew a quarter of a
century ago, are truly marvelous and a great tribute to the
powers of i n t e l l i g e n t research.

The fine qual i t y of l i g h t generated from mercury vapor is
just b e g i n n i n g to be appreciated after three decades and I
predict it w i l l come into general use, yes even in the educa-
tional institutions of the young people, because 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 l i g h t is a boon to mankind.

(J
June 24th, 1935.
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ion
Previous to the twentieth century there was but one k i n d

of l i g h t in use for the regular purpose of i l l u m i n a t i o n . S u n l i g h t
was the standard, and all a r t i f i c i a l sources produced l i g h t of the
same type, but varying somewhat in general effect. All the h i g h l y
complex l i g h t was characterized by a continuous spectrum, the
differences consisting of the comparatively s l i g h t variation in
the relative amounts of the different colors contained. All
a r t i f i c i a l l i g h t was produced from g l o w i n g (incandescent) solids
and contained all the colors of the sunlight, but with orange and
y e l l o w rays in larger proportion to the other primary colors.

EARLY LIGHT SOURCES

A r t i f i c i a l means of producing l i g h t may be said to date back
as far as 5000 B.C. At this early stage no doubt the chief form
of l i g h t i n g was by means of the Torch. Other popular forms of
flame sources are given below:

1. Stone Lamp ........ 3000 B.C.

2. Metal Lamp . . . . . . . . 400 A.D.

3. Oil Lamp . . . . . . . . . 1600

4. Candle . . . . . . . . . . 1800

5. Camphene Lamp. . ..... 1850

6. Kerosene Lamp. . . . . . . 1870

7. Gas Flame. . . . . . . . . 1880

8. Gas Mantle . ....... 1905

It must be realized that each type of l i g h t producing apparatus
possessed some definite advantage over its predecessor. The most
noted change in wick flame l i g h t i n g units was brought about by the
kerosene l.amp and the gas mantle was the first real unit developed
for a r t i f i c i a l l i g h t i n g w i t h an open flame.
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In 1879 the most p r o m i s i n g of all types of lartps was intro-
duced by Thomas A. Edison — the Electric Lamp. The filament of
t h i s lamp was g i v e n considerable study w i t h the f o l l o w i n g results:

1. Carbonized Bamboo (1879) .... 1.4 lumens per watt

2. Metalized Carbon (1905) .... 4.0 ' • §

3. Drawn Tungsten ( 19 1 1 ) . . . . . . 10 ' • •

4. Gas Fi l i e d ( 1913). . . . . . . .20 • ' •

In addition to the types of lamps mentioned above the following
comprises a l i s t of l i g h t producing units commonly used:

1. Carbon Arc
a. Open
b. Enclosed
c. Flame

2. Magneti te Arc

3. Nernst Lamp

4. Neon Tube

5. Mercury Vapor Lamp

The COOPER HEWITT mercury vapor lamp is the only survivor and
successfully applied industrial u n i t of the above group of lamps.

OUTSTANDING AMERICAN PATENTS

World's Work, issue of January, 1932, contains an interesting
article entitled 'Patent Injustice.' It discusses the intricacy and
delay in the operation of the U.S. Patent System and tells how it
has passed a hundred m i l l i o n d o l l a r buck to American Industry.
•Mercury Vapor Light* is included among the fifty-five outstanding
inventions, patented between the years 1791 and 1930. The l i s t
i s as follows:
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INVENTION
Steamboat
Cotton Gin
D u p I i cat i ng Lathe
Reaper
RevolverTelegraph
Vulcanized Rubber
Sewing Machine
Valve Gear
Show Sewing Machine
Machine Gun
Typewriter
Ai r Brake
CeI IuIo i d
Shoe Wejt Machine
Automatic Train Coupler
Barbed Wire
Telephone
Phonograph
Reenforced Concrete
Arc L i g h t
Carbon FiIament
Cash Register
Expanded Metal
Trolley Car
Electric Welding
Split-Phase Induction Motor
Recording Adding Machine
A l u m i n u m Reduction
Li notype
Sulphur Mi ni ng W e l I s
Transmi tter
Case-hardened Steel
Dial Telephone
Kinetoscope
Carborundum
Monotype
Aytoplate
High-speed Steel
Safety Razor
Bottle-making Machine
Radio Wave Production
Radio Crystal Detector
Ai rplane
Radio Grid
Electric Precipitation
Bake Ii te
MERCURY VAPOR LIGHT
Pressure Oil Cracking
Radio Regenerative Circuit
Gyro Compass
Ethyl Gasoline
A.C. Electric T i m i n g
Teletypesetter
Cuick Freezing

INVENTOR
Fitch
Whitney
Blanchard
McCornick
Colt
Morse
Goodyear
Howe
Corl i ss
McKay
Gat I i n g
Sholes & Glidden
Westi nghouse
Hyatt
Goodyear
Janney
Gl idden
B e l l
Ed i son
Beams & Hyatt
Brush
Edison
Ritty & Bi rch
Gold ing
Van Depeele & Sprague
Thomson
Tesla
Burroughs
H a l l
Mergenthaler
Frasch
Berli ner
Harvey
Strowger
Edison
Acheson
Lanston
Wood
Taylor & White
Gil lette
Owens
Fessenden
Dunwoody
Wright Bros.
DeForest
Cottrell
Baekeland
HEWITT
Burton
Armstrong
Sperry
Midgeley
Warren
Klei nschmidt & Morey
Bi rdseye

* Year Invented

YEAR ISSUED
1791
1794

1834
1635
1049
1344
1346
1849
1962
1862
1868
1869
1870
1871
1873
1874
1876
1878
1873
1879
1880
1883
1884
1884*
1836
1383
1888
1889
1890
1390*
1891
1891*
1892
1893
1896
1896
1898*
1901
1904
1904
1904
1906
1906
1907
1907*
1909
1912
1912*
1914
1918
1921*
1916*
1925*
1930
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TWO CLASSES OF LIGHTING

There are a c t u a l l y two classes of l i g h t i n g that we use in our
everyday I i fe:

1. Soci al I i g h t i n g

2. Industrial Ii ghti ng

Industrial l i g h t i n g includes all cases in which l i g h t is used
in order to carry on manual labor. Social l i g h t i n g includes such
cases as home, decorative and general interior l i g h t i n g .

With social l i g h t it is desirable to suppress or soften details,
such as facial wrinkles, blemishes and defects of complexion, w h i l e
w i t h i n d u s t r i a l l i g h t 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 l i g h t subdues just those points that are desired to be sub-
dued in our occupation of leisure and social intercourse, w h i l e
affording ample visual clarity for all requirements under the
circumstances. On the other hand, the l i g h t of mercury vapor has
a revealing power that surpasses even s u n l i g h t at its best. Fine
details can be discerned only with d i f f i c u l t y , or not at a l l , under
continuous spectra l i g h t , but are readily distinguished under the
s i m p l e spectra l i g h t of mercury vapor. The increase in visual
acuity produced by COOPER HEWITT mercury vapor l i g h t is equivalent
to a very perceptible magnification.

LIGHTING SPECIALISTS

The general policy of s e l l i n g i l l u m i n a t i o n in industrial areas
by calculating a given number of foot-candles which appear on
published tables, has never been practiced by the COOPER HEHITT
organization. Careful study and planning have characterized the
inst a l l a t i o n and application of mercury l i g h t in every plant.
Representatives very often take the place of operators to be
certain that l i g h t is reaching the point where seeing is actually
taking place.
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Unfortunately, all manufacturing operations are not a l i k e
and consequently, l i g h t i n g cannot possibly be the same. Even
the same operation in different plants requires special atten-
tion. Reflection factors of machines, w a l l s and materials all
have a bearing on l i g h t i n g . Theoretical calculations of inten-
sity cannot be r e l i e d upon; only long experience by competent
l i g h t i n g specialists can solve i l l u m i n a t i o n problems correctly.

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

Other problems usually overlooked by i l l u m i n a t i n g engineers,
but carefully considered by the entire COOPER HEWITT organization
are labor turnover, scrap, seconds, rejects and other factors
upon which l i g h t i n g 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 s e l l i n g i l l u m i n a t i o n
tailored to produce results to the
purchaser. We are not just lamp
salesmen or i l l u m i n a t i n g engineers,
but 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 i l l u m i n a t i o n , 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 l i g h t is un-
desirable, but these exceptions are so rare that they may be dis-
regarded when considering industrial i l l u m i n a t i o n in general.
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MAINTAINING A HIGH STANDARD OF ILLUMINATION

The General E l e c t r i c Vapor Lamp Company is proud of its
reputation in the f i e l d of i n d u s t r i a l i l l u m i n a t i o n , K'ore than
3003 prominent manufacturing plant executives v e r i f y the state-
ment that one can see better by mercury vapor l i g h t . This large
c l i e n t e l e of COOPER HEWITT users continue to use this l i g h t after
years of experience and when new additions are added existing lamp
installations are enlarged.

The character of cl i e n t s served by COOPER HEWITT l i g h t in
every branch of industry is one that migh t w e l l be the envy of any
organization of h i g h standing.

COOPER HEWITT l i g h t is used by 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 Iight.

The Government Bureau of P r i n t i n g have used
COOPER HEWITT l i g h t i n g for more than 26 years.

The Stehli Silks Corporation, the premier
maker of fine silks, a c l i e n t for almost 30
years.

The great U.S. Al u m i n u m Company, ever watchful
of the quality of their aluminum products, use
w e l l over 1000 lamps in one plant alone.

The American Sheet 4 Tin Plate Company, makers
of the finest .tin plate, must pass the final
c r i t i c a l 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 l i g h t before it
reaches the market.
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The Real S i l k Hosiery M i l l s , famous in the realm of
s i l k hosiery are large users and boosters of COOPER
HEWITT l i g h t .

The Sanford M i l l s , w i t h t h e i r nation-wide reputation
for 'Velmo1 products, spend double the sum of any
competitor to l i g h t a loom. They depend upon COOPER
HEWITT l i g h t to m a i n t a i n h i g h q u a l i t y merchandise.

The Erwin Cotton M i l l s , market t h e i r blue denims all
over the world. COOPER HEWITTS have l i g h t e d t h e i r
looms for a quarter century.

The New Departure Mfg. Co., greatest producer of b a l l
bearings in the world, select COOPER HEWITT l i g h t in
departments r e q u i r i n g a h i g h degree of accuracy.

Mr. C. E. Johannson, creator of gages for making most
accurate measurements, long ago adopted COOPER HEWITTS
to the exclusion of d a y l i g h t for the delicate, pains-
taking work in his laboratory.

The Hood Rubber Company, of nation-wide repute for
rubber footwear, place dependence on COOPER HEWITT
l i g h t to help m a i n t a i n their f i n e reputation.

The International Harvester Company, w i t h t heir market
for agricultural machinery in p r a c t i c a l l y 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 t h e i r
final tests for qua l i t y under COOPER HEWITT l i g h t .

The great Tennessee Eastman Corp., makers of the finest
acetate yarn in the world, inspect their fine product
under the better l i g h t of COOPER HEWITTS.
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THE ART OF SEEING
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The hurran eye is indeed a v e r y conplicated mecw an i src

general it consists of three d i s t i n c t elements:

1. Optical apparatus or e y e b a l l .
2. Projection apparatus, which

consists of a special arrangement
of nerves in certain parts of the
brai n.

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

I n

THE PHOTOGRAPHIC F I L M OF THE EYE-CAMERA

A very b r i e f description, covering only the most essential
elements of seeing w i l l be here attempted. The eye is s i m i l a r
to the camera in the action of taking pictures.

•
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The photographic f i l m 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 c e l l s containing chemical substances
that are acted upon by l i g h t . The nerve cells are of two different
kinds and are named according to their general shape.

1. 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.

1. Cone-film - - adapted to taking
pictures where sharpness of detail
and f u l l representation of all colors
is required; as in color photography
the cone-film is relatively slow,
requiring a f a i r l y h i g h intensity of
illumination to produce a v i s i b l e
pi cture.

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

Just off the optical axis is a s l i g h t depression in the
retina where exist only cones t i g h t l y 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 l i t t l e surface around it is a t h i n ,
transparent, yellow tissue. This yellow color screen par t i a l l y
filters out the blue rays, and so reduces the chromatic
aberration of the eye-lens on this part of the image.

The fovea is especially adapted to producing pictures in
which the utmost sharpness of definition and discrimination of
small objects is required. All of the f i e l d w i t h i n our visual
range which we see distinctly at any one instant is the part of
the image which falls upon this l i t t l e dent in the retina, which
could be covered with the head of a p i n l

THE EYE AS A MOTION PICTURE CAMERA

Mow 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 f a l l i n g 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 s l i g h t l y the direction of the line of vision about ten
times a second. The result is on the same p r i n c i p l e as the
motion picture, but reversed; instead of seeing objects moving,
we see objects in different positions blended into a single
picture.

706987



T*£ *»T Of SCI US

The comparatively large picture which we see p l a i n l y 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 l/IOth of a second,
which measures the time of exposure for that particular
pi cture.

In dark or very dim l i g h t the rod-film becomes extremely
sensitive and does the picture taking; the cone-film is
insensitive. In very bright l i g h t , the cone-film does the
work and the rod-film is insensitive. In average l i g h t both
fiIms act together.

The change in f i l m sensitivity known as adaptation, takes
place very slowly from l i g h t 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 q u i c k l y ,
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 l i g h t .

The action of l i g h t upon the rod or cone produces a nerve-
current, which passes through the trunk nerve-line to the cell
in the brain, where it is transformed into the mental sensation
of l i g h t . This sensation corresponds in intensity or brightness,
and quality or color, to the intensity and color of the l i g h t
f a l l i n g 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
i s called seeing.
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There are about 5 m i l l i o n rods and !33 rr.il I ion cones on
the retina, and a somewhat less number of nerve-lines in the
cptic tract; so that the picture act u a l l y seen is made up of
some hundred mi I I ions of points of v a r y i n g i n t e n s i t i e s and
colors formed by the nerve-cells in the brain.

When l i g h t falls upon the retina, it thereupon ceases to
be l i g h t 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 fina l l y 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 d i r e c t l y
concerned only with the last transformation, in which physical
I ight has no existence.

The fact to be emphasized is that the process of seeing begins
where the light 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 p u p i l . When this is done the eye w i l l be
thrown s l i g h t l y out of focus and the objects which formerly had
sharp clear outlines w i l l now appear to have colored borders and
look blurred.

Chromatic aberration is caused by the refractive media of
the eye breaking the white l i g h t from the object into its
component colors. Depending on the difference in refrangibi I i t y
of the colored l i g h t , 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 w h i l e the
red is farthest away. This may be effectively demonstrated
by diagrams.
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ttpiritlon of »hlt« l i g h t Into

col or t.

COMMON EYE DEFECTS

A few of the more common eye defects are capable of being
i I Iustrated by di agrams.

Th* {MMCTftOMC Inora t l l tjt focutt t th« y t l lo * lljht

>h«rply on the r t t lna . Th« gr*«n focwi f t l l i ll»

front of tx* r t t ln i <n< tht r tt focui k«Mn4

tbt rc t in* .

Tht XT OP 1C «r« ' n»«r t ight t4n*n I

il In • l o f i g t t i o n of tht « | f « t > « l l .

Tht r t t ln t i< e lot t to tht facui

of tht r td , >hl l t tht j« l lo« »n<

^rttn foc i f t l l In front of tht

r«tln«. TKn c o n a i t i t n mtj

bt c o r r « c t « 4 > i th * nlnus Itni

tt thttvn it r If M.
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th« r « t i n « to 'ccul ;l3i« to t«a

q r t t n ara t^4 rtd and y 9 l l o a f i l l

t t n i n d t h t rttini. C o r r t e t i o n i »

I C C O n p I I|h«d « l t h • p l u t l « n « . R ' G

Astigmatism is q u i t e a common eye defect. The most
common form is due to unequal curvature of the cornea.
In t h i s case the rays of l i g h t w i l l not focus at a d e f i n i t e
p o i n t on the ret i na.
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In general l i g h t is thought of as a certain degree of
brightness. W h i l e t h i s is true in one sense of the word there
are other factors of extreme importance that must be considered.
Because of thi s» I ighti ng as applied to industrial i l l u m i n a t i o n
requires very careful study. Existing conditions of every
department of a mi I I or factory, as related to color of machines,
materials and general surroundings, have a direct bearing on
I i ghti ng.

FACTORS OF SEEING RELATED TO LIGHTING

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

1. Size

2. Contrast
3. Brightness
4. Exposure time

SIZE

When comparing one l i g h t i n g system with another by using the
same test object the size naturally remains the same. However,
Dr. Louis Bell reports the following in a carefully conducted
set of experiments:

•There *ti t • arke* aenae ef aharper def in i t ion

en the alee e'f the •«re«f; tvke an* aeveral of

the ehter*era tew 14 only kt pereuaeee' ky

cartful Inapoctlen that the type «« thlt » )4 t

••i net •ctwt l l f lirftr than that en tht ethtr.

There •»« «lto • percept lk le •««•« t traln en the

•cce**o4atlen en the al<e ef the txngtten leap In

• aklng these ju4t««nti of acuity, the cooipar at I »el y

alight elfference In focua kelng at once okvloua.*
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CONTRAST

The ratio of the brightness - difference between object
and background is known as contrast. A contrast of 1005 is
attained when a perfectly black object has a perfectly wh i t e
background.

COOPER HENITT l i g h t increases Iight-and-shade contrast
by 50% compared w i t h ordinary l i g h t 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 l i g h t as follows:

•If ont d e s i r e s 20 foot-<andlei for r e a d i n g Hick print on »hlte

paper, ho should deaand tt least 200 foot-candles If the caper

w * r t d y e d * d«rk gray w h i c h r e f l e c t s akout one-tenth n eiuch

l i g h t as the uMtt paper. T h i s demand t t k a e e d s o l e l y upon the

n«td for ten t l iees »ore l i g h t to «ske th« g r t y p*P*r •> kr lght

•t the vh l t t one. then the paper l> d y e d it it te«n that tht

contrai t k e t v e e n print and lackground hat keen g r e a t l y d la ln lshed.

The e f f e c t of th l t loiered contrast can a l to «e counteracted ky

•ore l ight . <t a consequence, auch aore than 200 foot-candles Is

n e c e s s a r y for the •»•« ease of seeing as In the case of

20 f o o t - c a n d l e s on the ihlte paper . *

The above statement holds true for continuous spectra l ight
only . COOPER HEWITT l ight tends to promote maximum contrast at
al l in tens i t ies . An example is i l lustrated below:

COOPER HEWITT light give a
printed matter the appear-
ance of steel plate engrav-
ing, starring out with such
vividness as to make objects
appear MAGNIFIED.________

"£-
.esul tT

,oss thru tl
Hieh Costa of

Production. , ,Obsolescence

Ordinary light makes
printed natter appear
fltvt with a dull gray
background or poor
cortrast

Loss — because com
petitors have modern-
ized manufacturing
methods. ,Obsolescence
^descent waste

id resu

J*B _••**"..'- •- '""' ~ • •»-•"» "S

e'M'W'^^--' rT"^^-

f̂eglS!
7C6994



Common type p r i n t i n g stands out w i t h all the distinctness
and sharpness of steel plate engraving; one almost unconciously
runs a fi n g e r over the surface to feel for the r e l i e f or
emtossed effect which is characteristic of plate p r i n t i n g .

The ratio of the energy of v i s i b l e radiation to the energy
of the total radiation expresses a true efficiency. This ratio
is comparable to the ratio of a v a i l a b l e current to wattless
current produced by A.C. generators called power factor and by
analogy m i g h t be called visual power factor of radiation.
Bearing this in mind, Elliott states:

•Th« v l tu t l po>4r factor of c*rt ; ln «p«cl«» of

f l rs- f l lo It 100*j of tha lnctn«ttc«nt la*p,

»t| tnd of tit* »*re«rf tuka, »0*. *

From these figures it is apparent that 10 times as much
radiant energy fal l s upon the exposed surface of the eyeball,
at a given photometric intensity, with incandescent light as
with mercury l i g h t . COOPER HEWITT l i g h t has the same effect
on a dark gray background as incandescent l i g h t has on a white
background. In iodustrial.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 visual phenomena may be traced to variations in a s i n g l e
mental sensation, which is familiarly known as seeing light.
This sensation varies in two ways:

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

2. By change in nature,
or qua)i ty
(color)
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Brightness must be d i v i d e d into two classifications:

1. V i s u a l brightness

2. Physical brightness

The first refers to the intensity of the mental sensation
of l i g h t 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 l i g h t of different wave-lengths, and for l i g h t of
different mixtures of wave-lengths.

E.L. EMiott compares the respective ratios of visual to
physical brightness of different l i g h t sources:

•Thg gratnl $h-j« I lev »»n« •*; »e liken •» light ef 1001 • f f l c U n c y ,

tine* It l> known th«t light ef thl > ••*• Itngth produco th«

• ftnlBiM * l«utl krlg>tn«it for • g lv tn chyi lc t l kr l |ktn«»* t *t th«

COMion Inttxilt lo of I 11 «• Intt Ion. On thli bull, »«reurj l ight

It irovn* 604 t f f t c l c n t ) In««n4ticant l ight , <rou«4 1)1 c f f t c l t n t )

tn4 it*n«*rt »hlt» light *kout «}f « f f l e l«n t . Thtt* f i g u r e s ir«

onlj rough tpproil»*tIon* r*pr«icntlng t*tr*g« coft4lt lon>| but th«

« l f f« r« f ic *» *r« *uf f lc l *nt l ; l»rgg to gl»» th«* tl gnl f Ictnc*. •

The visual efficiencies of the various l i g h t sources may be
set down as follows:

COOPER HEW ITT. . . . . . 60*
Day I i g h t . . . . . . . . 45%
Incandescent . . . . . .

EXPOSURE TIME

The eye must focus a certain length of time upon an object
before a definite image is apparent. Three very important things
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a direct bearing upon the sharpness with which the eye
perceives such an image in a given length of time:

1. Cuant i ty of I ight.

2. Qua! i ty of I ight.

3. Retinal sensitivity.

QUANTITY OF LIGHT

O r d i n a r i l y the more l i g h t that is a v a i l a b l e for a given
task the easier it is for the eyes to perform their duty.
Quality is, of course, very important in this connection, but
for the purpose of this discussion let it be neglected.

2 0 3 0 to 50 55 70 80 90 WO 9 0 B O
FOOT - CANPLCS • ILLUMIHATICN
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QUALITY

The q u a l i t y of l i g h t depends c h i e f T y upon its spectral
or color composition. The best way to study t h i s is by
referring to the spectral analysis'or spectrum of the
l i g h t under consideration. On the following page the
spectrum of d a y l i g h t and COOPER HEWITT l i g h t are shown.
The incandescent spectrum is s i m i l a r to d a y l i g h t 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. Ste'ih'nietz explained as being i r r i t a t i n g to
the eyes.

D a y l i g h t is composed of a continuous band of b l e n d i n g
colors w h i l e COOPER HEWITT l i g h t consists of four colored
lines, each in the same r e l a t i v e position as the colors in
the solar spectrum. The colored l i n e s predominant are
yellow, green, blue and v i o l e t , 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
f u l l 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
i l l u s t r a t i o n s of the effect produced when d a y l i g h t and
COOPER HEWITT l i g h t passes through a simple lens such as
that in the human eye. Daylight is s p l i t into various colors
only one of which can be sharply focused. The other colors
being s l i g h t l y out of focus tend to make images hazy.
COOPER HEWITT l i g h t is p r a c t i c a l l y monochromatic, producing
a sharp, distinet image. The small amount of blue and
v i o l e t have very low visual power compared with the h i g h
v i s u a l power of the yellow and yellow-green l i g h t .
The net result is a l i g h t 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 l i g h t the lens of the eye forms a sharply
focused image on the retina.
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CHARTING THE MERCURY SPECTRUM
i ««•

Since the mercury spectrum contains only those rays needed
for Lest v i s i o n it w i l l be i n t e r e s t i n g to show r e l a t i v e values
of energy ana lumen d i s t r i b u t i o n of the three p r i m a r y colors of
the I ight.

Wavel ength
Angstroms

5790
5769

( 5460
4358

Group

Golden
Ye 1 1 ow

Green i sh
Ye 1 low
Blue

Energy
Di stribut ion

14.8*

43.3%
41.9*

Rel ati ve
Vi si bi 1 i ty

0.890

0.990
0.020

Lumen
Di stribut ion

23. 1*

75.4%
1.5%

W h i l e the relative energy of the violet l i n e is comparatively
h i g h it adds very l i t t l e to the lumen output because of the low
r e l a t i ve v i s i b i l i ty.

VALUES O? RELATIVE VISIBILITY

(UNITY AT WAVE-LENGTH or Kxxiunt VISIBILITY)
Wtve-leafth ia

millinucTou ("y*?

400
10
20
30
40

450
60
70
80
90

500
10
20
30
40

550
60
70
80
90

Relative viiibdit?

0 0004
0 0012
0 0040
0 0116
0 023

0.038
0.060
0.091
0.139
0208

0.323
0.503
0.710
0.862
0.954

0.995
0.995
0.952
0.870
0.757

Wave-kafti ia
milliffixrooJ (m*)

600
10
20
30
40

650
60
70
80
90

700
10
20
30
40

750
60

Approved

America* S
M
10
M

30

*o
M
»
10

Relative vitibflitjr

0.631
0.503
0 381
0 265
0.175

0.107
0 061
0.032
0.017
00082

0.0041
0 0021
0.00105
0 00052
0.00025

0.00012
0 00006
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The greenish-yellow band of l i g h t has a h i g h e r energy content
than any of the other bands and has by far the greater lumen
output. The brightness sensation of l u m i n o s i t y of the golden-
yellow and greenish-yellow, which is more commonly expressed as
yellow-green, comprises 98.5% of the total l i g h t output. The
relative v i s i b i l i t y values may be taken from the American Standard
(I.E.S.) published values or from the curve which is a result of
these values. Relative energy d i s t r i b u t i o n s of s u n l i g h t ,
incandescent and mercury l i g h t 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 w e l l known gaseous conduction
lamps. These values are up to date and many interesting
comparisons in terms of wattage d i s t r i b u t i o n , efficiency, b r i l l i a n c y ,
etc., can be made.

TABLE III—GENUAL CHARACTERISTICS or VARIOUS GASEOUS CONCOCTION LAKH

Soorai

H. V. Keen . . . . . . . . . . . . . . . . . . . .
H. V. N e o n . . . . . . . . . . . . . . . . . . . . .
H. V. Mercu ry . . . . . . . . . . . . . . . . . .
a V. Mercury. . . . . . . . . . . . . . . . . . .

L. V.-L. P.-Hj . . . . . . . . . . . . . . . . . .
L. V.-L. P.-Hg . . . . . . . . . . . . . . . . .
L V T P W»
T V T P Mff

L.V. -B.C. -Neon.. . . . . . . . . . . . . . .

H. P.-Quart*-Hg . . . . . . . . . . . . . . . . .
High Int. H « . V . . . . . . . . . . . . . . . . .

Sodium— 10,000*. .................
Sodium— 6,000* . . . . . . . . . . . . . . . . . .

lletaod of Opcriuo*

React. Trani.
React. Tram.
React Tram.
React. Train

110V. D. C.
A. C. Rect. Res. Bal.
A. C. Rect. Res. Bal.
A. C. Rect. Res. Bal.

A. C. Rect. Res. Bal.

Uviarc-D. C.
Full Wave A. C. Ind. Bal.

Full Wave A. C. Ind. Bal.
Full Wave A. C. Ind. Bal.

i1
i
55
55
55
55

90
90
90

90

_
65

fkS
65

WM
U 

1*
 A

u.

4
5
IS

10

115
175
ton
17.1

200

?so
25

7S
IS

si
36
SO
45
R.S

7, SO
275
ISO
175

100

hSO
400

700
ISO

i,£
0 45
0 60
04.5
0 00

1 00
1 00
1 00
0 75

1 00

0 70
1 .TO

1 00
7 ,50

J
V
<

0 03
0 05
0 0.1
0 O.S

1 5
1 7
3 7
7 5

3 5

4 0
2 9

ft 6
5 0

li
t*
100
100

1100
100

so
.so
22
35

18

6
(>

9
7

Ar
c 

V
ol

U
ft

2050
2000
2300
2100

71
74
40
70

70

160
160

25
20

W
«t

u 
pe

r 
ti

n
.

1
K

b

0 24
0 30
0 20
0 55

4.1
4 6
4 6
4 2

11.7

1000
63 0

15 5
14 3

B

\LI*
5 8
7.2
16
19

120 0
135 0
135 0
115 0

275 0

3600 0
2250 0

1100 0
850 0

Ca
nd

les
 p

er
Sq

. 
In

.

1 30
1 20
0 36
0 32

1 2 2
13.6
13 6
15 4

27 8

520.0
175 0

37 0
34 5

O
r*

»«
ll

 L
lW

K
M

pe
r 

W
il

l

14 5
13 0
* 1
2 0

16 0
150
17 0
13 5

10 0

74 0
32 0

45 0
V > 0

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

S U N L I G H T

( N I C V. A M P

TABLE I—RJLATIVE ENERGY, UTILIZATION, AND E/r iciENCY
fi)

Sources

White 380-700 only . . . .
Monochrome 555 only . . . . . . . . . . . . .

Inc. Lamp. (SOO-watt) . . . . . . . . . . . . . .
Neon and. Bal. 400-watt). . . . . . . . . . .
Hg. (G. E. High Intensity Ind. Bal.

400-watt) . . . . . . . . . . . . . . . . . . . . . . .
Hg. (C. H. Low Pressure Res. Bal.

450-walt)... . . . . . . . . . . . . . . . . . .
Sodium Arc (Ind. Bal. 225-watt) . . . .
Helium (Ind. Bal. 500-watt) . . . . . . . .

•b)
Per

Cent
Inviti-

bit

0 0
0 0

60 0
86 0
92 0

91 0

94 6
89 0
98 9

•c)
Per

Cent
Vaibk

100 0
100 0
40 0
14 0
8 0

9 0

5 4
110
1 1

(d)
Vi«u»l
I'UllU-

uoo

35
100
40
23
32

43
76
58

' e i
Re-

duced
Lum.
EB.

35 0
100 0
16 0
3 2
2 6

5 2

2 3
7.3
0 65

r
Luror n»

Ptr
W»ti

220
620
100
20
16

32

15
45
4

•f.1

RelALvt
W h ^ t e
tfx.

100 0
280 0

45 0
9 0
7 25

14 5

6 75
20 0
1 8

The ruled areas or l u m i n o s i t i e s of
each kind of l i g h t represented, on
the adjacent charts, are made equal
to each other so the total areas
represent graphically the theoretical
v i s i b l e energy. The ratio, in each
case, of the luminosity area to the
total energy area wi I I then be a
visual utilization factor characteristic
of the l i g h t d i s t r i b u t i o n and unrelated
to the source.

If all the energy were concentrated at
the wavelength to which the eye is most
sensitive, about 555 m i l l i m i c r o n s ,
its u t i l i z a t i o n m i g h t be rated as 100*
(Col. d above Table) in comparison
with the lower u t i l i z a t i o n factors
determined graphically.

From the Table it w i l l be observed that the visual u t i l i z a t i o n
factor of COOPER HEWITT l i g h t is almost twice that of incandescent
l i g h t and s l i g h t l y above sunlight.
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There is l i t t l e doubt that our knowledge of p h y s i o l o g i c a l ,
p s y c h o l o g i c a l anc: esthetic foundations of i l l u m i n a t i n g e n g i n e e r i n g
is not as f u l l y developed as our technical knowledge. I l l u m i n a t i n g
e ngineering is not be treated merely from a physical and
mathematical point of view, since the eye is the receiver of
v i s u a l impressions and the brain transforms these into the
sensations of perceiving objects and colors. These sensations
are l a r g e l y dependent upon the k i n d or qu a l i t y of l i g h t used.
L i g h t for seeing must therefore possess quality and such rays
as are not needed for seeing should be eliminated in work areas.
Such a l i g h t has already been termed Work-Light or COOPER HEWITT
I i g h t .

PROBLEMS OF SEEING AND LIGHTING

Seeing is an act of the mind; this fact is the basis upon
' which all considerations of l i g h t i n g problems rest. Sharpness

of v i s i o n depends upon:

1. The eye
2. The Ii ghting

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.

A r t i f i c i a l l i g h t i n g is controllable in every respect,
p a r t i c u l a r l y as it affects the eyes. The important factors to
observe are:

1. Quality 3. Distribution
2. Quantity 4. Direction

5. Diffusion
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The d i a g r a m m a t i c sketch below very ably i l l u s t r a t e s the
conditions of v i s i o n and l i g h t i n g .

I

/ .•".'*'*. QiKCCTIOH
f ' . ' ; • • ' • • ~ ''*-i oi»>u$io
• HiCMTNtM "-4J..• diCHTNtlS

INTCNJITT

,UN»l»CVINTA»Lt
TX OCJCCTTO ac tan

B» TX LiCHTINC IPfCIALIlT

Tbe optometrist and ihe lighting specialist are partner-, for
improving seeing and conserving eyesight.

COOPER HEWITT l i g h t because of its QUALITY is glareless - -
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 w i l l perform their visual task
at maximum efficiency.

FORMULAS FOR VISI O N

Clear and accurate seeing depends upon two basic effects:

1. 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 i l l u m i n a t i n g
engineers as requi red.
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The second effect depends upon the f i r s t to some extent, but
p r i m a r i l y upon the eye. Various formulas can be arranged for
I i ght and si ght:

Better I i g h t = Better si g h t

No I i g h t = No s i g h t
Normal eyesight-f- Darkness = Total blindness

Normal eyesight + Poor l i g h t i n g = Slow seeing, Danger
Defective eyesight-f- Poor l i g h t i n g = Accidents

Defective eyesight-f- Good I i ght i ng = Slow seei ng, Danger

Normal eyesight-}- Good l i g h t i n g = Quick easy vision,
increased production

REACTION TIME

To s i m p l y see l i g h t is an elementary act of the b r a i n , but
to see an object and recognize it, that is, d i s t i n g u i s h 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. L i k e all other mental processes, it requires a
certain length of time for its completion. When.the process
of v i s u a l 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 object. 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 best way to determine which l i g h t is most effective as
an aid to seeing and production is by some direct means of
comparison. The E l l i o t t tests do this. The experimental set-up
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w i l l not be given here - - space permits only the results of
these important tests which take into account cognitive
reaction-time w i t h l i g h t s of different character and at
different i n t e n s i t i e s of i l l u m i n a t i o n . Three different
observers were used making 26,700 observations. The average
results are shown by the curves below.

CURVES SHOWING REACTIONS IN UNIT TIME UNDER DIFFERENT KINDS or LIGHT

A close study of the curves reveal many interesting points,
which have a direct and important bearing on industrial l i g h t i n g
Some of these are:

1. COOPER HEWITT l i g h t at 6 ft.c.
surpasses da y l i g h t at its best,
i.e., 50 ft.c.

2. COOPER HEWITT l i g h t at 4.5 ft.c.
equals dayl i g h t at 10 ft.c.

3. COOPER HEflITT l i g h t at 3.5 ft.c.
equals tungsten l i g h t at its
best, i.e., 20 ft.c.
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4. The curves are s u b s t a n t i a l l y
p a r a l l e l w h i c h means that the
difference between the three
kinds of l i g h t is the same at
a l l t h e different intensities.

a. Tungsten l i g h t shows
that 50 ft.c. is not
as good as 20 ft.c.

b. COOPER HEWITT and
d a y l i g h t indicate that
anything above 20 ft.c.
is pr a c t i c a l l y wasted.

c. There is so l i t t l e gain
for intensities above
10 ft.c. that thi s may
be taken as the practical
m i n i m u m intensity.

N a t u r a l l y the E l l i o t t 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 l i g h t s would remain the same.

THE ELLIOTT TESTS - GRAPHICALLY

A graphic representation of the effect on production due
to various forms of l i g h t i n g is of particular interest. The
results shown were derived from the E l l i o t t tests and relate
to the quickness of response of the hand to the eye. The
graphs show how this is affected by the quality of l i g h t at
an intensity of 10 foot-candles.
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At t h i s intensity the f o l l o w i n g values of motions per
unit time are read:

SOURCE

Mercury . .

Sun Iight. .

Incandescent

CAN PCS LIGHT

sof*

ZSf. 25%

a
UtfMT

soli

PONf

SWItMt

MOTIONS

106.6
100.0

97.0

PAY L. I OUT

59%

99%
U

M
FI

IM
9H

U
W

O
R

K WORK
POMf

e£
»POILA«»

3̂1̂ =)-̂

COOPER. H6WITT U6HT

35%

U
H

Fi
ttt

ttt
P

W
O

R
K

60%

WOMC
POWt

5%
frPOtlAOf

1. COOPER HEWITT vs Daylight

a. 7% increase in work done
b. 3% decrease in spoilage

2. COOPER HEWITT vs Incandescent l i g h t

a. 10% increase in work done
b. 4% decrease in spoilage

Work can be carried on by candle l i g h t or dim l i g h t 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 l i f e and machinery investment.

Thousands of practical comparative tests in various departments
in almost every branch in industry have v e r i f i e d the authenticity of
the above graphically represented reaction tests.
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MEANING OF EYE SENSITIVITY - GRAPHICALLY

RAYS .-rî fr.,/̂  REMARKS
VISUAL

EFFICIENCY
——^ ?t. . . . . . . . . . . iu" I i g«t- Do v l t l o n ( S h o r t • 4 » c l « n j t n

• » I O L f T -

81
"""""li««8itl Ver

( r e a v e * g I «r t
» l t a tends t o

»)0f...........Good > | I M * I > t l u t . f « » f on the

nrfUOt

-9M.
.100*.

. t « c * l l t n t

.Nlghel t »liu»l • f fUUncf . i r t l l i a n t

. C K A I S C - • HOf. . T » n a « n c y to k* g l i r lng. T l rn t i t « f f v

. . .Nar th u n d « t l r t » l < fo r » l i l o n _
l r r l t * t « » tht

> I fFM-ftCO' • Oi. *yi . 10 »l l lon.
( long •«« l«n jt fti I

Hue to the sensitizing effect of the v i o l e t and b l u e 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 l i g h t promotes
eye sensitivity far in excess of any other form of l i g h t source,
not excl'jc:ng daylight.

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

COOPED HEWITT contains 90% visual rays in the ye l l ow and
y e l l o w - g r e e n port ion of the spectrum and 10% s e n s i t i z i n g rays
in the blue and v io let portion.

Th is broader understanding of v isua l e f f i c i e n c y exp la ins why
mere foot-candle readings must be replaced by some measure of
l ight in terms of actual seeing.

707011



8
LIG"T *«0 »I Si 01

Many executives who have l i g h t e d t h e i r factories w i t h
foot-candles are now changing the l i g h t i n g systems so that
the workers can SEE. Their experience is responsible for
the expression:

•Don't l i g h t your m i l l with

foot-candles;

Light it so your workers can

SEE!1

The era of average foot-candle l i g h t i n g is being replaced
by specific l i g h t i n g at the point of vision. In l i g h t i n g 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:

1. 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. Foot-candles per watt per square foot
10. Uniform intensity on a working plane
11. Hot spot l i g h t at the working point

12. Reflectors
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THE SEE ING-METER

Scientists b e l i e v e it w i l l be d i f f i c u l t to devise a meter
that w i l l measure seeing-power because of the many factors
envolved, such as q u a l i t y , quantity and distribution of l i g h t ,
glare, contrast, speed and comfort. Since there is no such meter
a v a i l a b l e , a suggestion showing a scale w i t h comparative
seeing-power values is reproduced below.

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
iIluminometer 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 E l l i o t t
tests, which clearly illustrates seeing power against foot-
candIes.

The word 'vis-light 1 is a r b i t r a r i l y assigned as a u n i t 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 v i s - l i g h t are obtained for COOPER HEWITT,
D a y l i g h t , and Incandescent l i g h t at various foot-candle
readings. A few definitions may make it more clear as to what
v i s - l i g h t r e a l l y means by comparison w i t h candlepower:

C A I D I E F O ' C K I* tn« I n t e n s i t y of • »••• of l
^foot-tjo*!* It th* I l luminat ion

product* *j * lljnt of on*
c*ndl*po«*r *t • tfltttnc*
of on* foot.

t funct ion of th* m\nt.

product* •? •)"* ««« «• •
•wt l l t f Of I l»nt.
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TOOLS OF INDUSTRY

Master Tool

LIGHT PAYS FOR ITSELF THROUGH EYES

Visual Tool

Mechanical Tools

."vim-l.

COOPERHBMTT light is a precision light of extreme accuracy.
Itt gives the eye a micrometer setting for seeing.
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Does good lighting haie real
dollars and cents value.' The
figures helou say "YES/"

(The percentages refer only to this test and are for purposes of comparison only.) These figures are
from die results of a 15-month investigation conducted in a metal-working plant. The original lighting
sysictn produced an average illumination intensity of 1.2 foot-candles and made possible a production
capacity equal to only 48 per cent of that attained with illumination intensity raised to 14 foot-candles. As
indie-""*, 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 accidents easily paid for the extra current. (From "Light and Work"—Luckiesh.)

GOOD LIGHTING

POOR. LIGHTING

Good lighting often effects saving* equal to the difference between net lott and net fro fit. Buying the
benefits of good lighting for your plant is equivalent to buying additional net prom—and increasing
your competitive ability for yean to come.
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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 s i m p l e
d e f i n i t i o n : 'Sharpness of seeing1 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 l i m i t e d 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 I minute (one sixtieth of a degree) and
best vision at 40 seconds (one ninetieth of a degree).

VISUAL ACUITY MEASURED »Y
MINIMUM SHE SEEN

METHODS USED
8T OPTICIANS

NORMAL VISION,! MINUTE
•tsr VISION, 40 SECONDS'

SNCU-CN

INTERNATIONAL-

SIZE DENOTED »T VISUAL ANCLE

VISUAL AMPLE IN MINUTES
1 S 10

SHE Of OBJECT AT 14 INCHES
0.0041 0.0203 0.0*07 (INCHCSJ

II
>TEST-OBJECT UiEO FOR CHARTING

""FUNDAMENTAL FACTORS IN SEEING

SEEING MEASURED IV VARYING -
SIZE— CONTRAST- TIGHTNESS- EXHMURC TIME
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A C U I T T

O r d i n a r i l y only four variables of an object are considered -
size, contrast, brightness and exposure time. Cne other very
important factor must be included, namely, the sensitivity of the
eye. These conditions are analogous to photography in which size,
contrast, and brightness has a direct bearing upon time of
exposure. The remaining factor in getting a good picture is
sensitivity of the f i l m . The analogy is closer if motion picture
photography is taken, in which the time of exposure is invariable.
The sensitivity of the f i l m (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
i n a b i l i t y to bring different colored rays to a focus on the same
surface. If red rays are focused, the blue w i l l be out of focus,
and other rays to a less extent. If blue rays are focused then
red rays w i l l be decidedly out of focus. When the eye must
handle l i g h t containing all the colors of the v i s i b l e 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
middle 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 i n a b i l i t y of the eye to focus all colors at once is called
chromatic aberration.

So in considering the choice of an illuminant for industrial
l i g h t i n g 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 light;
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
k i n d (quality) of l i g h t . Since the structure of the eye
cannot be changed the l i g h t must be of such a quality as to
produce this sharpness. By using a t i g h t containing only
one color the lens of the eye can produce a perfectly sharp
image on the retina. This is represented p i c t o r i a l l y 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

!••(• »iurr«d u«9« since it shows an out-
of-focus condition in

one dimension; whereas the actual image would actually be in
every direction, horizontally as w e l l as vertically and
through the various intermediate angles.

COOPER HEWITT l i g h t has only four color bands and almost
99% of the l i g h t is in the yellow and yellow-green region - -
the rays which are responsible for ease and sharpness of vision.

RETINAL SENSITIVITY

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

The basis of continued superior seeing power of COOPER
HENITT l i g h t is its enhancement of retinal sensitivity and this
is due p r i m a r i l y to the violet and blue action on the retina.
This is technically known as reflex retinal action.

707019



V I S U A L A C U I T T

The analogy between the eye and an electric battery is the
best possible means of e x p l a i n i n g the part that reflex retinal
action plays in seeing. Each retina contains something more
than a hunared m i l l i o n electric batteries, each one connected
w i t h the seeing projector in the brain.

»tor B t t t t r r

Clcctr Ic

lA to light

train
*ntrgr

trtntfor>«4
Into »«tl«f

If the generator terminals were disconnected from the battery
the lamp would naturally burn, but if continued to burn the
battery 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 m i l l i o n 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 fu l l charge preventing fatigue.

Although the luminosity of the blue and violet amounts to
only l?% and add l i t t l e 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 l i g h t
and accounts for the increase in contrast perception as shown
experimental Iy:

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

The superiority of COOPER HEWITT l i g h t for industrial
use consists in its greater power to:

1. Light up dark spots

2. Increase v i s u a l d i s c r i m i n a t i o n

The low spots in i l l u m i n a t i o n are the spots where l i g h t
is more or less cut off by obstructions, that is, where shadows
f a l l . The same proportion of l i g h t w i l l be cut off whatever the
kind or position of light sources. But the portion of l i g h t that
reaches the spot from the COOPER HEWITT lamp, by increasing
retinal sensitivity 100%, increases the seeing-power of the l i g h t
by just that much, and so has the same visual effect as increasing
the intensity of incandescent l i g h t by the same amount. This is
another reason for the shadowless effect of mercury l i g h t .

Some time ago Dr. Luckiesh said:

•It hat long keen kno*n that * l t v a l acu i ty under aenochroaat I c l ight

of c e r t a i n ••••length It superior to l ight of aitene'ee' or

h«tcrogeneoui epactra l character. Furthermore, thlt advantage

It g e n e r a l l y greater a* lew er lghtnet t l e v e l * than at higher onet.•

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 l i g h t .

Contrary to the general concensus of opinion, mercury l i g h t
and ordinary l i g h t cannot be measured or compared in terms of
seei ng-pov. jr by ordinary photometric means.

. . . . mercury vapor light appears to magnify de-
tails and produces visual results considerably greater
than its photometric intensity would indicate."

DR. Louis BELL, PH. D.
Author of "Art of Illumination"
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Three independent sources have proven this experimentally.

1. E l l i o t t shows the results in percentages,
using d a y l i g h t as the standard:

a. Day I i g h t . . . . . . . . . 100%
b. Incandescent . ...... 82%
c. COOPER HEWITT. ...... 132%

2. Belt in his report on Visual Acuity shows
the ratio of mercury to incandescent li g h t
of:

— to —— or I to 1.6
1.5 1.75

3. The average hue sensitivity of daylight and
mercury light as derived from the areas:

a. Day)ight ......... 4.3
b. COOPER HEWITT. ...... 5.9

This gives a ratio of I to 1.4

Bell comparing the visual discrimination of light states:

•- - - the seeing-power of mercury light is
equal to that of incandescent l i g h t 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

W h i l e 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 f i e l d and proved conclusively that:

COOPER HEW ITT

light is

BETTER THAN DAYLIGHT

One of these f i e l d tests is reproduced below in the form of
a pi cture story.

The Sccinf Te*
One Manufacturer Made

The plaot—big The employer—fanout, producing * aai-
vertJly accepted lubiutute for aflk. The avenge diiu»ce
the men could count the thread* cc the blackboard under
ordinary light wu 10 feet—voder Work-Light, 20 feet,
the Dumber of thread* of courac being chuffed. They aow
OK Work-Light.

Another f i e l d test quite as interesting as the atove was
conducted at a w e l l known Cotton M i l l 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:

DAYLIGHT:

*»«ri)« I n t e n s i t y ........................ 10.; ft.e.

It •Mch thr««*» •«>•« 41st I n g u l thek Ic. ......... 17.1 f*«t

COOPER HtWITT:

**«ng« I n t e n s i t y ....

Ol«t*nct *t which thr*(4i

3.5
4litlngylth*kl«. . . . . . . . . . M.i f««t
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There is almost a 43% increase in the distance of v i s i o n
w i t h a 70% decrease in the intensity of l i g h t . Manufacturers
are i n v i t e d to make s i m i l a r 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 l i g h t .

Read the smallest l i n e discernible under COOPER HEWITT
l i g h t - then repeat under any other kind of light. Allow
10 to 15 minutes between readings.

NEAR TEST CARD
COPVRIOHT !•»

•V

THE EYESIGHT CONSCRVATION COUNCIL

NATIONAL mCSS (UILOINC

WASMINSTON. O. C.

E L Z O T F

C T D L P O

r z o £ x. 9

a L c e r •

T r • «. • • »

11 •

60"

48'

36'

28'

24-

20'

ie-
12-
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A VISIBILITY INDICATOR

The indicator below presents a series of v i s u a l tasks
which increase u n i f o r m l y in d i f f i c u l t y . By means of these
v i s u a l tasts it is possible to demonstrate the influences
of l i g h t , l i g h t i n g , eyesight, eye-glasses and other factors
upon seeing.

Visibility and Eabt of Seeing
are closely related

Viiibilits jiiLTtaso .is the inteniit} of illumination incrv.ucs.
So duo. caie of M.-emij. Read the printed matter bvlow under
different intensities of illumination and note the point at which
reading becomes dihScult or i

VISIBILITY INDICATOR
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A WARNING

In the ' A p r i l 1935' issue of the I.E.S. Transactions,
Mr. Ward Harrison has voiced the hazard in r e l y i n g upon the
foot-cancle meter as a measure of good l i g h t i n g . Mr. Harrison
says in part:

'I have just one m i s g i v i n g in connection wit h 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 i l l u m i n a t i n g engineering
judgments, and to say to a customer - 'you are
all r i g h t because you have 25 foot-candles1 -
or 'you are all wrong because you have only 5'.
If we are not careful we w i l l be in danger of
an epidemic of bad l i g h t i n g s i m p l y because it
is so easy to concentrate on quantity and
forget all about q u a l i t y . 1

A foot-candle has no more significance in measuring the
i-mportant factor of seeing-power than pounds have in expressing
a k i n d of steel or yards have in revealing the q u a l i t y of a
materi a I.
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The a b i l i t y of the eye to detect small objects and fine

details d i s t i n c t l y , without effort, is known as vi s u a l
acuity. Anything of serious consequence in interfering with
ease, comfort, certainty and satisfaction of v i s i o n is known
as v i s u a l fatigue. There are an u n l i m i t e d 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 c h i l d 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 Emmet ropic Myopic
Examined (Normal) (Nearsighted)

2.5
7.9
11.4
27.5
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

In fants . . . . . . . . . . .

Elementary school chi ldren. .
Intermediate school children.
Col leoe students. . . . . . .

1,534
356

13,929
42,283

4.207

6.2
10.4
63.6
37.4
37.9



reduction in size and consequently the brightness of the r e t i n a l
images decrease, although the level of i l l u m i n a t i o n upon the
objects to te seen remains the same.' The v a r i a t i o n in p u p i l
aiameter was shown to te in d a y l i g h t as follows:

Age. P u p i l dia. Relative Brightnesses Foot-candles for
in m.T. of R e t i n a l Images. equal effectiveness.

20 4.7 100 20
30 4.3 84 24
40 3.9 69 29
50 3.5 55 36
60 3. I 43 46
70 2.7 33 60
90 2.3 24 83

The figures indicate that the older eyes require a higher
level of i l l u m i n a t i o n if the same brightness of retinal image
is to be maintained. For factory l i g h t i n g then it is d i f f i c u l t to
say just Kow much l i g h t is actually required. If the level of
i l l u m i n a t i o n 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 l i g h t would normally result
in average rate of production, or specifically, increased
i l l u m i n a t i o n gives increased production. From the standpoint of
the i n d i v i d u a l , increased illumination improves v i s i b i l i t y ,
permitting the eye muscles to function with less strain or
contraction, thereby reducing ocular fatigue.

RESULT OF INTENSITY

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

F a o t - c ifl< I • i O l i t i n c * for •< • • (
* I t Ib I I I t| I I « « « • • • I

1 1». 0
J 15.3
J 17.9

10 l».l
70 20. •
50 *J.»

100 *5.»
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FACTORS OF GLARE

Since the eye differs in many respects due to the
i n d i v i d u a l let us proceed to ex p l a i n 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 I ike.

Visual fatigue was explained as anything interfering with
the ease or comfort of the eye in its a b i l i t y 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 l i g h t i n g systems are:

1. Objectionable shadows
2. Dangerous glare
3. Insufficient I i g h t

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
d i f f i c u l t y in functioning properly. In other words, the eye
views an object u n t i l 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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R e a l i z i n g that shadows actually cause eye strain we may
summarize the points essential to m i n i m i z i n g objectionable
shadows and eye strain.

1. Shadow must be correctly placed.
2. ^ust be of proper density.
3. Heavy and dark shadows are reduced

when the l i g h t i n g u n i t is large in
proportion to the area lighted.

4. H i g h v i s u a l acuity essential (in
shadows) at low i n t e n s i t i e s .

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 p a r t i c u l a r l y
annoyed by exposure to glare. The muscles of the l i g h t colored
eye has d i f f i c u l t y in controlling the p u p i l aperature since there
is less protection against the heat and infra-red rays, which may
therefore have a t i r i n g effect. Dark colored eyes, of course, are
also affected by the presence of l i g h t units emitting red rays,
but w i t h less t i r i n g effect. Below an excerpt from Dr. Steinmetz.

"Radiation is a form of energy, and when inter.
cepted and absorbed, disappears as radiation by con-
version into another form of energy, usually heat.
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 or 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 yellow light
are the 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 light as 'cold light'
and of th« 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 ulrra-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 l i g h t are i r r i t a t i n g to the eye, causing unpleasantness
and eye strain. This fact together with the reasons given
under the section of 'Glare1, gives evidence that glare is a
very undesirable factor in an industrial l i g h t i n g 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 a'nd 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 see ing-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 i l l u m i n a t i o n . As the
intensity of i l l u m i n a t i o n is increased the rate of production
naturally increases.

The shape of this curve depends upon the class of work to
be performed. If rough tasks are involved low intensities of
i l l u m i n a t i o n suffice for vision and the production curve tends
to reach a maximum. If the work is complicated the visual
task is more difficult, thus, for maximum production higher
intensities are required.

z
oiS!
X

-MAXIMUM EXPENDABLE ENERGY

.IMPROVED VISIBILITY
DECREASED NERVOUS LOSSES

ECRCASEO OCULAR STRAIN FACTOR
or

SAFETY

ENERGY WASTED IN USELESS WORK

MANY PSYCHO- PHYSIOLOGICAL
FACTORS OF THE HUMAN MACHINE

LIMIT PRODUCTION OF WORK

ENERGY FOR USEFUL WORK

LOW MEDIUM
INTENSITY OF ILLUMINATION

HIGH
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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 reason!no 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 i l l u m i n a t i o n is improved far beyond the point
where production ceased to increase appreciably owing to other
limitations of the worker.1 The clear area or extreme upper
part of the diagram is given as the reserve energy capacity of
a human being, it being different for different individuals.
The intensity of i l l u m i n a t i o n 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 w h i l e workers are
working. This partial rest period thus aids the worker and
ados to his reserve energy.

Insufficient l i g h t is, therefore, very much involved and the
part it plays in industrial l i g h t i n g 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 v i s i b i l i t y . Improved v i s i b i l i t y is attained only
with improved illumination; high intensities of i l l u m i n a t i o n
improves the productivity curve, as well as the behavior and
welfare of human beings.
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are
There are many a v a i l a b l e technical d e f i n i t i o n s of glare.

Whatever the phraseology may be it is an established fact that
glare is objectionable in industrial l i g h t i n g systems. Even
the expression of a lifeless stone statue is changed as shown
below, due to the glare of f l o o d l i g h t i n g .

Chang* of •xprccsion due to different
condition! of floodlighting

GLARE IS OBJECTIONABLE

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

1. Sensation of discomfort
2. May result in permanent eye injury
3. Fatigues the eye and body
4. Reduces speed of vision
5. Reduces effective i l l u m i n a t i o n intensity
6. Prevents discrimination of detail
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TWO KINDS OF GLARE

Glare is produced in two ways, both of w h i c h are a h indrance
to a worke r ' s e f f i c i e n c y .

•MB^MaMB^B^B^B l̂̂ l̂

Direct Clare is the most frequent and serious cause
at bad Lighting. It results among other thing* from
unshaded or inadequately shaded light source* located
within the field of vision, or from too great contrast
between the bright light source and a dark background or
adjacent surf sees. Glare should be s voided by the use
of proper reflecting and diffusing equipment.

Reflected Glare from polished working surfaces is
particularly annoying became of the necessity of directing
the eyes toward those surfaces, and further because the
•yea are by nature especially sensitive to light nft from
below. The harmful effects of this specular reflection can
be minimized by properly shielding from below or diffusing
the

A few typical instances of direct glare are sketched below.

Bar* Laap* Tin Shade* Light Scarce• l«
Line or VUloa

Spotty Light

These are also apparent as reflected or specular glare from
shiny surfaces. Even with properly designed reflectors specular
glare is s t i l l 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

In i n d u s t r i a l l i g h t i n g the degree to which g l a r e is
experienced depends upon five pr i n c i p a l factors:

1. I n t r i n s i c b r i l l i a n c y of the source
2. Contrast between source and background
3. Total volume of l i g h t entering eye
4. Location in field of view
5. Time of exposure

INTRINSIC BRILLIANCY OF SOURCE

The intrinsic b r i l l i a n c y or brightness of the filament
of an incandescent tungsten lamp is extremely high, being above
1000 candlepower per square inch. In terms of b r i l l i a n c y
Table I reveals that a COOPER HEfllTT lamp is only about 15
candlepower or less than a 25-watt inside frosted Mazda B lamp.

TABLE I— BRIGHTNESS OF LIGHT SOURCES

S O U R C E

Sun as observed at eartn 's surface

Crater, carbon are

1000-watt Matda C laap (clear bulb)

Nerst glower

Tungsten (1.2S watts per candle)

Carbon (3.5 watts per candle)

50- watt Hatda C laap (Inside frosted)

38-watt Hatda B lamp ( • • )

C O O P E R H B H X T T

Kerosene flaae

Candle

Candlepower
Per sq. In.

1,064,500

64.000

7,900

2.010

i.oeo
400

29

Ifl

16

9

3
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LOCATION IN FIELD OF VISION

Mr. Henry Schroeder (Edison Lamp Works) states:
"In the c a s e of c l e a r *aida Imps the b r i g h t n e s s I t »e r j

h igh, • s p e c i a l l y that of Malta C lanps. If such Itnpe

er« IK the d i rec t line of «ltlon, they should «e used

w i t h d i f f u s i n g media to Increase the sur face fron which

the l ight co<»ei In order to reduce the br ightness. 1

EVOLUTION OF INCANDESCENT LAMPS

The evolution of incandescent lamps would require quite a
lengthy discussion. A few of the marked improvements relating
to efficiency are interesting.

1. }0-watt

c*rk on

f lltaent
J oat ts /cp >}0 cp per •«,. In.

Vacuvet

tungsten

f I I aw fit
It »a t ts /cp ......... 900 ep ptr *^. In.

3.

4.

Ittrogen

gas - f i l l ed

IMP

latest

I Argon I

gat-filled

i catts /cp >)000 cp per t<. In.

witt/cp ..........*000 cp per •«.• 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 l i g h t requires no difusing
media, consequently no l i g h t is absorbed at the source — less
kilowatt energy is required to provide the same i l l u m i n a t i o n at
the point of seeing.
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VOLUME OF LIGHT ENTERING EYE

The volume of l i g h t does not hurt or affect the eye if
the l i g h t is of proper Q u a l i t y . Concentrating a g i v e n amount
of l i g h t to a small source lends i t s e l f to h i g h b r i l l i a n c y .
Radiators, registers and other heating eouipment are designed
w i t h large surfaces to reduce the heat g i v e n off per square
inch. If this equipment were required to g i v e off an equal
quantity of heat from a very small source, such a source m i g h t
become red hot and it would be d i f f i c u l t to withstand heat at
distances of several feet.

lirga r a d i a t i n g
aurfacaa paralt
coafort at clot*
range and alto
41 atr I k u t a haat
•or* af f le iant I j.

ConcantratInj
haat to a •••!I
• cure* •oula'
ra tu l t In d l i coofor t
•t a dl i tanca ef
t avara l fe« t .

The above analogy a p p l i e s to i l l u m i n a t i o n in a somewhat
s i m i l a r manner. Comparing three of the most widely used sources
for i n d u s t r i a l i l l u m i n a t i o n clearly shows this to be a fact.

• I I C » I D C S C E « T .

•COOPER I t tWITT- cp par aq. In.

-IORTH »l«00« » cp par In.

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

That the volume of proper Q u a l i t y of l i g h t does not hurt
the eyes is i l l u s t r a t e d on the golf course. It is q u i t e
possible to clearl y see a fast moving golf b a l l without eyestrain.

The condition of i l l u m i n a t i o n may
be as h i g h as 10,000 foot-candles.
However, the b r i l l i a n c y 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 l i g h t is glareless.

PIN TEST

Looking directly at mercury vapor
l i g h t 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 l i g h t has a direct bearing
on glare insofar as the rate at which
the eye becomes fatigued or irritated.

It is evident that best vision results 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.

Cl«*r .It Ion tgtlntt • tlu* *ky.

. . . . 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
Author of "Radiation, Light and

Illumination"
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E.L. E l l i o t t has this to say about q u a l i t y of l i g h t

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 light, 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

Scien t i f i c investigations have found that diffuse reflection
alone is serviceable to vision. The eye sees objects only by
l i g h t that is diffusely reflected, not by the l i g h t 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 l i g h t . Intensities up to
1600 foot-candles or more are used for various classes of
i nspection.

ugriii/h fhuus hon Plate (,lass for rtar nru mirror* is impeded under
H urk-Light al the Dayton Plant oj iHe (.hrisler Corporation.
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SCIENTIFIC ANALYSIS OF REFLEX ACTION

After many years of i n v e s t i g a t i o n Prof. Frank A l i e n ,
( U n i v e r s i t y of Manitoba) concluded that:

V\ Ken light of one color (wave-length; f a l l s upon the retina
:•( one eve, both eyes being light adapted, the sensit ivi ty of the
ret ina of that eye for that color is reduced, while the sensitivity
of the other eye for all colors, but predominantly for the com-
plementary 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 refttx action.

The amount of reflex retinal action is different for each
di f fe ren t 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 y e l l o w rays of l i g h t and in such
a manner as to subdue the normal g l a r i n g 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 i l l u m i n a t i o n to be
100% when the glare-source is
absent, the effective intensity of
i l l u m i n a t i o n decreases to 58£ when
the glare-source is 40 degrees above
the horizontal l i n e of vision. The
effective foot-candles continue to
decrease as this angle decreases.
In other words, the wasted l i g h t ,
when the glare-source is at an angle
of 40 degrees, is 42%. (Luckiesh
and Moss).
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EVALUATION OF GLARE

An evaluation of glare in terms of Vazda lamps was
presented at the 22nd Annual Convention (I.E.S.) in 1928,
(Report of Committee on Lighting Legislation - Mr. Ward
Harrison, Chairman). Grading was determined by comparative
measures, v i e w i n g two l i g h t sources against the same
background. A classification of Grade A can be placed
almost anywhere in the f i e l d of vision without causing
discomfort. The results are tabulated in Tables 2, 3 and 4.

Table 4 may be condensed in a comparative manner:

1. A bare COOPER HEKKITT tube is equivalent to:
a. Bright southern sky
b. 32 cp carbon filament lamp
c. 40 W tungsten filament lamp
d. 200 W tungsten lamp in a 12*

di ffusing opal globe

2. A standard COOPER HEKITT lamp is:
a. Four grades less than 300 W dome reflectors
b. Six grades less than 500 W dome reflectors
c. Five grades less than a 500 W Glassteel

Table 3 shows that at normal mounting heights, 9 to 11 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
CRAOC

A

1

C

0

I

r
«
M

1

4

R

W A T T S

10

15

25

10

50

60

100

190

300
500

1000

STAIOAftO

Twflftttn FIlMtnt lup In 6* froitctf »»ll |lek«

. ... .

. . . . . .

. . . . .

. . . . . .

. . . . .

. ... .

. . . . . .

frott«4 IMP

• •

•
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TABLE 3

LIMITING GRADES OF LIGHT SOURCES PERMISSIBLE FOR VARIOUS CONDITIONS

H e i g h t cf ligr.t
s o u r c e a tove
f l o o r i n r e e t

6.5 or less

6.5 - 7.5

7.5 - 9

9 - 11

11 - 13

13 - 16

16 - 20

20 and up

O r d i n a r y arg.
operat Ions

SB or t
rooms

D

F

H

I

J

J

K

K

Lor. 5
rocfls

D

P

a
H

I
I
J
K

Cmces, D r a f t i n g t
f i n e i fg . o p e r a t i o n s
Snort
rooms

c
E

0

H

I

I

J

K

Long
rosas

C

E

P

0

H

H

I

J

TABLE 4

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

Natural Light Sources
(as seen tbrougb windows)

Sun

Bright Soutbern Sky

Northern Slur

K

0

C

COOPER HEWITT

Tube — ( v i s i b l e f ron n
•orbing pos i t i on )

witn reflector *
( lube not v i s ib le )

Carbon Incandescent
Lamps

16 canal* power

32 candle power

P

0

Tungsten Filanent Lamps

Watts

Bare Lamps

Done
Reflectors

Diffuse
Opal

Globes

rilSJMQt
visible
Fllaaent
Mot visible

8"

12"

16"

40

G

G

B

C

-

-

60

H

H

B

E

-

-

100

I

I

D

P

E

-

150-200

J

J

D

-

G

P

300

J

J

E

-

H

0

500-1000

K

K

0

-

I

H
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LIGHTING AND THE PUPIL OF THE EYE

The p u p i l of the eye has a greater effect upon the e f f i c i e n c y
of the worker than is generally realized. It has teen found that
the p u p i l varies in diameter from 2 to 8 mm., depending upon the
brightness to which the eye is adapted or exposed. It has also
been found that the a b i l i t y to see fin e d e t a i l is approximately
constant from a range of p u p i l l a r y diameter from 2.5 mm. to 5.5 mm.
The p u p i l contracts very much when it is exposed to g l a r i n g l i g h t
sources, but the practical effect of t h i s contraction is too
generally overlooked.

Th* contraction of th* pupil of th* *yt
to protect th* t*ni1t l«* ret ina fro«
bl lnaing glar* tak*i plac* In on*

ncond — but It t *k« t do »!••• longtr

to ••pan*' a g a i n for noratal **»lng.

Let it be assumed that a
workman has 5 foot-candles
upon his work, but that the
l i g h t i n g is so g l a r i n g that
his p u p i l s are contracted to
a diameter of 3 mm. For the
sake of comparison let it be
further assumed that the
second workman also has 5
foot-candles upon his work,
but that the l i g h t i n g units
are of the proper design and
the l i g h t of proper quality.
In this case the absence of
glare, it w i l l be assumed,

causes his p u p i l s to expand to 44 mm. The brightness of the
retinal image being proportional to the square of the diameter of
the p u p i l , the retinal images of the second workman w i l l be twice
as bright as those of the first workman.

Even though the intensity of i l l u m i n a t i o n is exactly the same
in both cases, the second workman is really enjoying the advantage
of twice as much l i g h t . His visual doorway is open one hundred
percent (100%) more than that of the first workman exposed to glare.

wiJe o/it* irr f*\l-itri*i rjti — it i1ur}lt
r tjitit^ ACtwm Ml fkc motitfm fit tare famtrA*
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W i t h the present knowledge of increase in production r e s u l t i n g
from an increase in i l l u m i n a t i o n i n t e n s i t y , t h i s aspect of glare
is of much interest. There are other b e n e f i c i a l results a r i s i n g
from e l i m i n a t i o n of glare, such as greater comfort and safety,
tut the one just stated is directly measurable in terms of
foot-candles or effectiveness of i l l u m i n a t i o n .

Strictly speaking, glare is very much misunderstood when
referred to the human eye. It is d i f f i c u l t to accurately discuss
glare in practical terms since the physiological explanation must
be included and not only the physical as is usually 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 u n t i l a d e f i n i t e balance is obtained.

COOPER HEWITT l i g h t aids the eye in this balancing effect
because:

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

2. Shorter wave lengths reduce
di ffraction.

3. Spherical aberration, chromatic
aberration and other forms of
aberration are practically
absent.
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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 d i s t i n g u i s h the forms of objects
by their outlines, and by differences in l i g h t and shade.

DIFFUSION OF SHADOWS

Diffuse l i g h t is desirable since it tends to cut down the
harshness of shadows. Diffusion is indicated by the b l e n d i n g
off of the edges of shadow. Where diffusion is 100% there are
no shadows.

•o Shade* Ntrth Shadow Proper Shade*

t f l a t l ( O t a c u r a ) < C I « « r d a t a l l t )

Where shadows are missing, objects appear flat and indistinct,
If they are intense the l i n e 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 f u l l y bring
out the r e l i e f 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 l i g h t i n g units provided such units are not
over glaring. COOPER HEWITT li g h t has the distinct advantage of
being practically glareless due to low i n t r i n s i c b r i l l i a n c y and
possesses a characteristic quality of l i g h t that is ideal from the
standpoint of diffusion.
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OBJECTIONABLE SHADOWS

Shadows are formed in many ways and if the q u a l i t y of l i g h t
is not proper they usually are sources of annoyances to workers.

Shadows, that is, differences in brightness of surfaces,
are essential in observing object! in their three dimensions,
but are of litJe or no value in the observation of Qat
surface*. Where shadows are desirable, they should be
•oft and luminous, not so sharp and dense as to oonfuae
the object with its shadow.

A few typical examples of objectionable shadows are sketched below:

Sh*4ow» en work •orkliif In own 1 1 j h t Dark corners

Heavy shadows cast on the work are dangerous shadows - - they
slow down production, are the cause of s p o i l i n g materials and
endanger l i m b and l i f e of man.

Where insufficient l i g h t prevails due to shadows, it is
possible for a workman to go to windows or raise instruments to
l i g h t sources; but the work being machined cannot be so moved,- -
e l i m i n a t i n g 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 w i l l avoid the obstructive
shadow of the workman, but w i l l form double shadows, both formative
and obstructive, which are hi g h l y objectionable - - with COOPER
HEWITTS a workman cannot stand in his own light.
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FORMATION OF SHADOWS

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

1. When the l i g h t is smaller
than the obstruction.

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

3. When the luminous surface is
larger than the obstruction.

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

Point Souret Sourc* aatal l*r
thin obstruction

iourc* and obstruction
»!•• *llf

Sourc* l»rg«r
thin obstruction

In the case of a point source the obstruction w i l l 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 l i g h t and the total surface is
considered as the luminous source, as noted below. Therefore,
the usual condition w i l l give rise to a region of partial shadow
which is known as penumbra and total shadow which is known as
the umbra.

T h • •ah a«o • of an
• c I lp«t«-Op let Ing tht
d i f f i cu l ty of avoiding
h*a»y shadows »lth «
l ight cO«Ing fron *
conctntratcd sOurc*.

Tht 'tclipt* of « »n«4ow«-
ahOBlng hoi t i t tn4«4 a o w r c *
of C O O P t * n l « I T T I lg«t
• aktt 01 j*ct lora» !• tlatfava
(•poaal t I* .
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ELIMINATION OF HARSH SHADOWS

Modern i n d u s t r i a l i l l u m i n a t i o n demands the e l i m i n a t i o n of
deep, heavy shadows which tre present in some types of general
l i g h t i n g 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) r i g h t l y placed and (b) of proper
densi ty.

The position of a l i g h t i n g unit governs the position of
shadow, while the quality of light and the size of source
r i a + A r m i n a f t K a / 4 a n e i + u f\f 9 eh aHnw

a
snauow, wn i i c trie quai iv jr ui i i y n k
determines the density of a shadow.

1. The position of a l i g h t i n g unit
is easily control led.

2. The size of the unit depends upon
the type of i l l u m i n a n t and is
restricted to some form of gaseous
di scharge.

3. The quality depends upon the spectral
value of the l i g h t which must be of
such a characteristic as to promote
ease of vision with least effort.

COOPER HEWITT lamps fit the specifications in every detail - •
no other factory i l l u m i n a n t can boast of all these remarkable
features. Even d a y l i g h t f a l l s short of accomplishing the ideal as
voiced by E.L. El Iiott:

uln 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 l i g h t from a COOPER HEWITT lamp is of superior quali t y
for v i s u a l purposes. With such a l i g h t i n g system it is possible
to obtain an even intensity of l i g h t on all working surfaces.
The few shadows which may be present are luminous and permit
accurate vision because of the h i g h visual acuity even at low •
intensi ties.

Another peculiar effect of COOPER HEWITT l i g h t that adds to
the a b i l i t y of the eye to see in shadows is the fact that the
l i g h t increases contrast by at least 50% above that of ordinary
l i g h t .

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

COOPER HEWITT l i g h t by increasing the l i g h t and shade
contrast 50% has the same visual effect upon objects in shadow
as increasing the general surface brightness by 50$ with ordinary
I i g h t .

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 t w i l i g h t eye. H i g h intensities activate the
d a y l i g h t eye.

There are many instances when it is necessary to look into
cavities and covered spaces, to see under as well as over,
w i t h i n as w e l l as without.
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The fact that the eye can see in low i n t e n s i t i e s of
COOPER HEWITT l i g h t where ordinary l i g h t f a i l s is a v a l u a b l e
asset to the conditions stated in the foregoing statement.

COOPER nC'lTT l i g h t >lth Iti
p « n « t r « t l » » (fftct " I I I put

l i g l t into t h t • • c • « i t I • »
•Iking tccurtt* « l l l o n

poll It l « .

The h i g h visual yellow-green rays l i t e r a l l y wrap themselves
around an object and penetrate into cavities and covered spaces.

Ordinary l i g h t throws darkness into spaces where l i g h t 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 l i g h t i n g . These readings were taken in a shop where
Mercury and RLM lamps were on t r i a l ; the result - - COOPER HEWITTS
instal l e d throughout the shop.
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DOWN AMONG THE GEARS

There is no doubt that no matter what type of l i g h t i n g is
used, the l i g h t 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 v i t a l points where work
actually is done. Unless there is seeing power there, l i g h t is
not serving its purpose. F a i l u r e to l i g h t these close work spaces
properly, explains why so many l i g h t i n g installations that look
good do not provide the workman w i t h the kind of help he needs.

DEEP, DARK, HARSH SHADOWS

OBSTRUCTIVE, OBJECTIONABLE SHADOWS

SOFT, LUMINOUS SHADOWS - DETAIL WELL DEFINED

COOPER HEWITT l i g h t with its soft luminous shadows and h i g h
v i s u a l acuity at low intensities w i l l give operators s u f f i c i e n t
l i g h t where l i g h t is needed. Drop lights w i l l not be necessary
which give h i g h l i g h t s or hot-spots as indicated below.

Bt»»| Duty M i l l i n g Cut te r

lott ibitnc* of d e t a i l
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COMPARATIVE LIGHTING

Below are two l i g h t i n g i n s t a l l a t i o n s , one u s i n g incandescent
'amps and the other COOPER HEWITTS. Note p a r t i c u l a r l y the
shadows, clearness of d e t a i l and tendency to glare in both
photographs - - both are printed reproductions. After careful
or casual study, choose the one which is known to pay profits
by increasing production and reducing seconds. Remember, also,
there is more l i g h t 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 cur
ancestors. This does not merely i m p l y 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.

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
partly 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, sight, hearing, and touch. We are
warned of the presence of gas by smell; poison and impalatable
food is readily detected by taste. H i g h temperatures are
realized by the sense of touch, w h i l e 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 S7 percent of our muscular movements are governed by

sight. It would appear that
97 percent of industrial accidents
could be charged up to sight, but
this cannot be so simply classified
since an accident is usually the
result of a combination of causes.

SIGHT- —...
87% "H '

SMELL-----V "'
3.5X

TASTE IX-'
TOUCH

In the first place, the mental
faculties must be seriously
considered. Vision cannot be
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ged w i t h c a s u a l t i e s r e s u l t i n g from the f a i l u r e of the m i n d
to act upon the w a r n i n g g i v e n . The sare t;ay be said cf the other
senses inerit ioned. Protective action ty the body, in response to
danger s i g n a l s g i v e n by the senses, depenas upon the acuteness of
the senses, and the efficiency w i t h which the body responds to the
signals. The efficiency of the control system of a human being
depends upon general health and mental attitude. Therefore, the
percentage of the senses given merely furnish an i n c e n t i v e for
p r o v i d i n g all the f a c i l i t i e s necessary to cause the body to respond
to certai n si gnal s.

The conditions of maximum safety or m i n i m u m l i a b i l i t y to
accidental injury has been given by E.L. E l l i o t t as follows:

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

2. When the operative has f u l l knowledge
of alI sources of danger.

3. When all his senses function normally.

4. When he is habitually careful.
5. When his body and mind 'are in a condition

to act w i t h maximum efficiency.

In industry, many accidents that occur are avoidable, but the
reason they are not avoided is s i m p l y because none of the sense
organs warn the v i c t i m of the impending danger q u i c k l y enough to
allow him to take precautionary measures to get away from the zone
of danger. The sense of sight is the agent by wh i c h 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 v i s i b i l i t y 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
i l l u m i n a t i o n is the other dependable factor for perfect vision.
I l l u m i n a t i o n is, of course, merely an aid to the eye as a seeing
mechanism, but the better the i l l u m i n a t i o n the more accurately does
the eye function.
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SURVEY OF LIGHTING CONDITIONS IN THIS COUNTRY

The v a l u e of good i l l u m i n a t i o n has teen recognized for
some time. Many factories have aaopted satisfactory l i g h t i n g
i n s t a l l a t i o n s in the past ten years. Many are o p e r a t i n g w i t h
old, obsolete installations which may be considered as d e f i n i t e
sources of accidents. The Eyesight Conservation Council in
cooperation w i t h the Federated E n g i n e e r i n g Societies investigated
446 plants w i t h reference to l i g h t i n g conditions, and g i v e the
follow!ng results:

Excellent . . . . . . . . . . . . . . . 8.7%
Good. . . . . . . . . . . . . . . . . . 32.0%
Fai r. . . . . . . . . . . . . . . . . . 29. \%
Poor. . . . . . . . . . . . . . . . . . 13.3*
Very poor . . . . . . . . . . . . . . . 3.5%
Partly good, partly poor. . . . . . . . 7.3%

The above results show that only about 40 percent of the
investigated plants are suitably l i g h t e d . This is indeed a very
poor showing when considering the development of the l i g h t i n g
art. Perhaps the managers of the remaining 60 percent of these
plants are not actually aware of the importance of l i g h t i n g as
a safety measure and of the fact that proper l i g h t i n g removes a
very definite and now we l l 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 e n t i t l e d 'Light and Work1

states that by properly improving i l l u m i n a t i o n in our i n d u s t r i a l
plants, a 10 percent increase in production could be obtained,
and this would have a net value to the country as a whole, of
over two and one-half b i l l i o n dollars per year, exclusive of the
cost of spoilage, labor turnover, and accidents. This is a
stupendous sum but relates only a value in dollars. Life and
l i m b are of prime consideration when expressing the real value
of l i g h t i n g . If this could be expressed in dollars we would
find that the economic saving through the accident prevention
influence of proper i l l u m i n a t i o n , would represent an even greater
sum than the first one cited.
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At an I.E.S. Convention in B a l t i m o r e , Ward Harrison
dec Iared:

'A survey of industrial plants showed 90%
of t^em to be under-wired as w e l l as
under-lighted. For such plants the recent
development of new, high-efficiency mercury
and sodium lamps w i l l prove a boon by making
possible double the i l l u m i n a t i o n without any
i ncrease i n wi ri ng. '

VALUE OF GOOD LIGHTING

Mr. Guy A. Henry, director-general of the Eye Sight
Conservation C o u n c i l , recently estimated that a yearly saving
of four hundred and sixty m i l l i o n d o l l a r s could be made by t h i s
country if only the eyes were g i v e n the proper hel p by correction
of defect and proper i l l u m i n a t i o n . Of this total sum, accidents
r e s u l t i n g from poor l i g h t i n g a n n u a l l y amount to $300,000,000 and
530,000,000 of i n d u s t r i a l waste is charged d i r e c t l y to poor
l i g h t i n g . These figures alone tend to show that good l i g h t i n g
should be of prime importance in industry regardless of cost.
Yet the cost for p r o v i d i n g adequate i l l u m i n a t i o n 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 t h i s is true, has been brought out by
W.D. Keefer, (Director Industrial Division, National Safety Council)

• I t is g e n e r a l l y a g r e e d that nor* then l i m i l l i o n I 1 ,967 ,0001 » o r k e r » mtrt k i l l e d or
s e r i o u s l y i n j u r e d in tic u n i t e d S t a t e s In 19}1. On the other hand, c o o p s ' a t ! * • I y
fe« p e o p l e r e a l i t e thM, on in a v e r a g e , t ech of t h e s e d i s a b i l i t i e s cost the e m p l o y e r
1700.00 in c o l d h a r d cash. Th 11 r e p r e s e n t s the sum p a i d for compensat ion, for doc tor
b i l l ! jnd for h o s p i t a l f e e s .

•or i i t h a t t i l . That I t s i m p l y the out-of-pocket eipense thtt l» *ccount<4 for >y
co*p«nj eook k e » p « r » ind « u d l t o r » . for In a d d i t i o n to thtt (u* r«c*n t t tudit i •!«•
»r th< T r « « » U r t In tur tne* Coapinjf I n d i e e t o that tn«r« I t an Ind i r t c t and I n d a f i n l t *
cost that na*ar appear! on tht book», tut vhich, f t««arth»la 11, «u»t ft* paid bj the
conpnn;. T h i s i n d i r e c t cott Inc lude* the v a l u e of Io* p r o d u c t I on, of labor turnover ,
of d a m a g e d a a c h i n e r y and « a t e r i i l » And other I teot « r> lch a f t e r c a r e f u l ttud; are
c a l c u l a t e d to a*ount to at leat t four tl««i the d i r e c t cost . In other vordt , on the
a v e r a g e , the coopany lotat about flOOO.OO e v e r y ti*e a >orker «u«««r« d i t a b l i n g Injury.
Thus, the t o t a l c o s t of a c c i d e n t s in A m e r i c a n i n d u s t r y each y e a r «»owM i to »or» than
li b i l l i o n d o l l e r t I J l ,56T,000,900 I . I f i t c o u l d be s a i d t h a t 151 of t h i s amount «oul9
be s t v Q d by good l i g h t i n g the s a v i n g > o w I d amount to a p p r 0 1 I n a t a Iy a quar ter of a b i l l i o n
d o l l a r s ( 1235,910,090 I . On a *S b s s i s the s a v i n g >ould be t ? 8 , > } 0 , 0 0 0 . *
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There are numerous other data a v a i l a b l e w h i c h c l e a r l y
i n d i c a t e that improved l i g h t i n g decreases accidents considerably,
in manufacturing areas. Savings of thousands of d o l l a r s to
manufacturers, who invest only a few hundred d o l l a r s for
improved l i g h t i n g , is covered by many substantial reports.

A r t i f i c i a l l i g h t i n g for factories is, therefore, important
not only because it decreases accidents but because it is
profitably to the manufacturer. The hazards of accidents are
ma t e r i a l l y decreased if the a r t i f i c i a l l i g h t i n g system has the
follow!ng q u a l i ties:

1. Shadowless - avoiding the p o s s i b i l i t y
of confusing objects with shadows.

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

3. Sufficient l i g h t - e n a b l i n g the worker
to see hi s work clearly.

The combination of these three important q u a l i t i e s
n a t u r a l l y tend to prevent eyestrain or fatigue, thus keeping the
body physically and mentally fit.

The accompanying
photograph gives
si gni ficant i n d i ca-
tion of the effect
of COOPER HEW ITT
i I.I umi nati on in
reducing accident
hazards. The shadows
and glare which
tradi t i o n a l l y compli-
cate punch press
operation are not to
be seen, a conditi on
whi ch contri butes
measurably to quantity
and q u a l i ty of
product ion.
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LIGHT ON THE TRAFFIC ACCIDENT PROBLEM

W h i l e i n d u s t r i a l l i g h t i n g and road l i g h t i n g are two
different problems they bear a close r e l a t i o n s h i p as far as
accidents are concerned. Recently H.S. Beagle presented a
complete report on traffic accidents which is g i v e n in
outline form as follows:

1. 3100 people k i l l e d , 1,000,000 injured, on New York highways
in 1933.

2. Economic loss in wages, medical expense and associated
property damage - $2,500.000.000.

3. If all n i g h t traffic accidents could be eliminated, the
economic saving each year would pay the salaries of all
teachers, supervisors and p r i n c i p a l s of all elementary
and secondary pu b l i c 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 l i g h t i n g -
3 years improved l i g h t i n g . (6 miles of the
Schenectady-Troy and Schenectady-Albany highway).

b. Day accidents increased 21.4%
c. Night accidents decreased 32.656

707063



• e

ACCIDENT RATE LOWERED BY BETTER LIGHTING

Modern machinery and shop conditions are designed for
utmost safety. To warrant the added expenditure for such
conditions, l i g h t i n g must be adequate as far as in t e n s i t y
is concerned and of proper quality if considered as an
accident prevention measure.

Extensive studies by casualty insurance companies show
conclusively that good l i g h t i n g is an aid in the prevention
of accidents. COOPER HEWITT l i g h t aids m a t e r i a l l y in
reducing industrial accidents because of its power to create
fast and accurate vision. Workers are far less l i k e l y to be
injured by contact with moving parts on machines or by
accidental f a l l i n g , if they can see clearly and d i s t i n c t l y .

The f o l l o w i n g report is convincing evidence that poor
l i g h t i n g in i n d u s t r i a l sections is hazardous.

THK RELATIONSHIP OF ILLUMINA-
TION TO INDUSTRIAL SAFETY

A lecture given by AITHU* C CAULUTHDS,
Editor Safely Engixttring

Herewith arc what clevis leading casualty in-
surance companies writing workmen's compensa-
tion insurance have to My 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 20% of
all industrial accidents are caused directly or in-
directly by poor lighting."

2. "I feel safe and conservative in estimating
that at least 15 per cent of all accidents occurring
m industrial plants and construction work which are
covered by this company for compensation insur-
ance are due either directly or indirectly to poor
illumination."

3. "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
l ighting 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 engineeri agree
that poor lighting is a prolific cause of accident! 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, also
true in reference to a great many accidents that
ficcur under our Public Liability coverage due 10
fa l l ing 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 f re -
quency and in the majority of cases I 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 a< a

Safety Factor is beyond question ami that poor
lighting is unquestionably a hazard which should
he safely guarded against in all industrial plants "

11. "We have a very definite imprcs^i.ni that
poor lighting is an important industrial hazard."
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ro further prove that the accident rate increases as
i g h t i n g f a i l s is shown g r a p h i c a l l y telow.
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Not only are accidents the result of insufficient l i g h t i n g
alone, but quality of l i g h t as w e l l . G l a r i n g l i g h t 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
l i g h t e d 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 f i n a l l y
accidents. •

COOPER HEWITT l i g h t 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 quality of illumination.
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PREVENTION OF ACCIDENTS

In g e n e r a l , accidents are preventable to a large extent
if t h e f o l l o w i n g conditions p r e v a i l .

1. Proper I i g h t i ng.

2. Good eyesight.
3. Good health.

The first condition is s i m p l y a combination of the q u a l i t i e s
listed on page 5, namely: Shadowless - Glareless - Sufficient
l i g h t . The second depends upon the i n d i v i d u a l . If a worker has
defective eyes he should be required to v i s i t an eye s p e c i a l i s t
in order to remedy the defect present. Many concerns are
rendering services to the employees for the care and correction
of t h e i r eyes. Such practice is indeed to be encouraged.
Sanford DeHart (Director of Hospital - R.K. LeBlond Machine Tool
Co.) writes:

INDUSTRIAL eye injuries are costing industry a
prodigious sum each year. Eye i n j u r i e s cost New
York State in one year SI.(XX).000 for compensation,

and Pennsylvania has not fared much better, as this state
paid out $800,000 for the loss of eyesight due to industrial
injuries in one year, and more than S8.000.000 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 eyes than for al! other accidents combined. Three
hundred and five eye 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 in
the Union, that the annual loss to industry through eve
accidents -exceeds S23.000.000.

He also conveys the following important information in
regard to l i g h t as an aid to seeing:

•P t y c h o l o j Ut« t o l l ui that 11 u« l i g h t * ar« k* t t ft..- dote »ork j rat It
p r « f « r r « d for dlltint O 6 j » c t » , intf o r d i n a r y •»!<• for al l - rrognd mark.
Our o*n t ip«r i«nc« hat been that mtnj o f t t t i n a t x i n f l a m m a t o r y eye
cond i t ion ! iitonj our • •p loyet l a c t u « l l y I w p r o v o « h l l e n o r k l n g under
COOPER K C * l T T l i g h t * . There i t r b A t O n for t h l « in thit • g re^n or b l u e
l i g h t ro l«ut the c y * > ra ther than s t r a i n i n g I t . *
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The last c o n d i t i o n is, of course, very i m p o r t a n t . Th
healthy person is stronger and can endure the hardships of
l i f e .Tore successfully than an unhealthy person, ^eal t h y
people are content and happy, which has a direct tearing
upon i n d u s t r i a l e f f i c i e n c y .

The Traveler's Insurance Company issued the f o l l o w i n g
statement:

'Adequate i l l u m i n a t i o n decreases the
frequency as w e l l as the cost of
i n d u s t r i a l accidents. It helps to
conserve the health and promote the
comfort of i n d u s t r i a l workers.'
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The rapid progress of modern i n d u s t r i a l l i g h t i n g considers

not only i l l u m i n a t i o n but also certain health rays be n e f i c i a l to
human beings. These health rays are i d e n t i f i e d as sun rays or
u l t r a - v i o l e t rays. The medical profession warns the p u b l i c to
avoid the use of ultra-violet l i g h t treatment for certain
diseases. The advice of a p h y s i c i a n 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 u l t r a - v i o l e t l i g h t received in
moderate dosage, as in the case of s u n l i g h t , is of a health-protect-
ing and health-building nature.

DUAL PURPOSE LIGHT

S u n l i g h t , of course, is composed of various wavelengths as
given by its spectrum. The lower wavelengths in the region of
the v i o l e t part of the spectrum are known as ultra-violet rays
of l i g h t . The wavelengths in the region of the yellow and
green bands are the v i s i b l e rays of l i g h t . Since the u l t r a - v i o l e t
are health rays and the yellow-green are v i s i b l e rays, both are
important considerations of an industrial l i g h t i n g system. The
term generally a p p l i e d to this consideration is known as
dual purpose I ight.

It is d e f i n i t e l y known that the ultra-violet rays of s u n l i g h t
are health g i v i n g rays. As a matter of fact, these rays have
been shown to be tied in with the production of that food
constituent, known as v i t a m i n D, so valua b l e to the b u i l d i n g up
of the human body. The present generation seems to have
changed its diet, mode of l i v i n g , and general habits to such an
extent that a sufficient supply of v i t a m i n D is lacking. Perhaps
t h i s is a broad statement, yet we have been admonished to l i v e
more outdoors, thriving on fresh air and sunshine. Consider the
amount of sickness, such as acute coryza, bronchitis, la grippe,
r h i n i t i s , influenza, i n c i p i e n t t o n s i l i t i s , in the winter as
compared with the summer. The reason illness is more pronounced
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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Eryibematk Elect—Hauuer fc Vihk

The tenef ici z\ ra/s of
u I tra-v iol et I i g",t are
to be found wi th i n the
wavelength range of
2000 and 3200 Angstrom
units. The h y g i e n i c
effect of u l t r a - v i o l e t
r a d i a t i o n is measured
by the degree of skin-
redden i ng known as
'erythema1. Various
wavelengths i n the
range of uItra-v iolet
radiation produce

different degrees of erythematic effect as shown by Hausser
and Vahle.

PRODUCTION OF ULTRA-VIOLET RAYS

The most common sources of producing u l t r a - v i o l e t rays
a r t i f i c i a l l y are w i t h the carbon arc and the mercury arc. The
carbon arc w i l l not be discussed since it is not a dual purpose
l i g h t i n g source. The mercury arc, in producing u l t r a - v i o l e t
rays, gives wavelengths far lower than those of direct sunlight.

The mercury arc spectrum differs somewhat from that of the
sun as shown by the chart below. The spectrum of the nercury
arc is non-continuous or a l i n e spectrum, w h i l e the sun forms a
continuous spectrum, from deepest red to deepest v i o l e t .

Spectra of Sun ind of Cooper Kevin Lamp
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Ultra-violet rays are not transmitted through all k i n d s
of glass. As a matter of fact, o r d i n a r y window glass transmits
u l t r a - v i o l e t down to the wavelength of only 315 m i l l i m i c r o n s .
Hausser and Vahle show that the erythematic effect at t h i s
wavelength is of no practical value. The u l t r a - v i o l e t g i v e n by
direct sun is about 290 m i l l i m i c r o n s at the lower l i m i t . The
erythematic effect is a maximum between the l i m i t s of 290 and
300 m i l l i m i c r o n s .

Special glasses are made to transmit ultra-violet to the
extreme l i m i t s of the so-called v i t a l spectrum, down to
wavelengths shorter than 200 m i l l i m i c r o n s . Referring to the
spectrum chart, bright lines indicate spectral value (quality
not quantity) of ultra-violet. To u t i l i z e the mercury arc
radiation to the fullest extent a glass known as quartz is
used. The various li n e s of importance may be read as follows:
253, 265, 289, 296, 302 and 313 mi I Iimicrons. There are
actually many more arc lines than shown but they are appreciably
weaker than the six here listed. These lin e s lie e n t i r e l y
outside the range of human v i s i b i l i t y . The other lines shown
by the mercury arc spectrum are, of course, w i t h i n the range
of human v i s i b i l i t y . When working w i t h 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
i n v i s i b l e but injurious ultra-violet radiation. Goggles using
ordinary window glass would serve to f i l t e r out these
i nj ur i ous 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 u l t r a - v i o l e t transmitted, by using special
materials in the manufacture of glass. The special hygienic
glass tube now used in COOPER HEWITT lamps transmits ultra-
v i o l e t in an amount and an intensity of about one-twentieth of
that transmitted by quartz glass of considerably smaller size,
such as used in sun-bath lamps. The appreciable l i n e s on the
spectrum chart are 289. 296. 303 and 313 m i l l i m i c r o n s , for this
h y g i e n i c glass tube.
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The standard glass tv-te
f i t t e r s out the important
l i n e s l e a v i n g o n l y one
(313 m i l l i m i c r o n s ) which
has only a small erythem-
at ic effect.

The transmission of v i t a l
rays of three lamp tube
glasses and ordinary window
glass is given by the
accompanying curves.

RELATIVE ENERGY - COOPER HEWITT AND DAYLIGHT

The re l a t i v e energy of
di rect sunlight, under
ideal conditions is g i v e n
in graphical form, and
shows that there is no
radiation shorter than
290 m i l l imicrons. When
passing through window
glass the ultra-violet
energy is considerably
reduced as shown by the
graph. The erythematic
effect of direct s u n l i g h t
and when passing through
window glass is also
represented in the graphs.

So small is the erythematic effect when s u n l i g h t passes through
ordinary glass windows that it may be considered of absolutely no
value as far as health rays are concerned.

The glass used in a standard COOPER HEWITT lamp produces only
s l i g h t erythema. Some benefit might result in cases of
exceptionally long exposure. D u r i n g the past 5 or 6 years, many
experiments w i t h the standard COOPER HEWITT lamp have been
conducted, using animals as subjects to determine the health
g i v i n g effect.
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In cne case it was found
that 50 day old chi cks
exposed d a i l y to these
rays for 6 hours grew
to be n o r m a l l y strong
chickens, w h i l e a s i m i l a r
lot rece iv i ng sun Ii ght
through glass windows
developed t y p i c a l a v i a n
rickets (leg weakness).

However, best results for
transmission of b e n e f i c i a l
health rays as w e l I as
v i s i b l e I ight, i s obtai ned
by usi ng the hygi en i c
glass tube, the cost of
wh ich is on Iy si i ght I y
h i g h e r than the standard
glass tube. The uItra-
v i o l e t transmitted compares
wi th that of average
outdoor June s u n l i g h t and
wi I I not harm the eyes.

Wavelength alone does not
determine the value of
vi tal rays of a Ii ght
source. The intensity
or energy of a wave

is very important when considering h y g i e n i c effect. The i n t e n s i t y
or energy of a wave is greater when the brightness of l i n e is
greater, as shown by the spectrum chart. For instance, the amount
of energy in the 310 l i n e spectral region, of the COOPER HEWITT
lamp, is greater than that in the 295 to 300 region. This is
shown by the fact that the 310 l i n e is brighter than those
represented by the 295 to 300 lines. The graphs above g i v e a
Quantity comparison of the energy in different wavelengths and show
the h y g i e n i c effect of each. The waves of 310 m i l l i m i c r o n s possess
much more energy than those between 295 and 300 m i l l i m i c r o n s , but
the h y g i e n i c effect resulting is considerably less..

"''AL . Ml f'tW' *WTA
0»COOta *l*rrr MtCuM LAMB

L.»U
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It is, therefore, i n t e r e s t i n g to note that the waves in the
210 l i n e spectral region have a large amount of energy to make
up for its weaker erythematic effect. The waves w i t h i n the
region 295 to 300 m i l l i m i c r o n s , w h i l e comparatively weak in
i n t e n s i t y are very strong in erythematic effect. T h i s is also
true of the sa.ne wavelengths in sunlight.

TO provide for a health-promoting system of i l l u m i n a t i o n ,
the i l l u m i n a n t must possess the characteristic of producing
u l t r a - v i o l e t rays and a glass to transmit a g i v e n quantity and
quality of these rays. The COOPER HEWITT HYGIENIC lamp produces
an effect l i k e that of average mid-summer s u n l i g h t with the same
exposure time.

NATURAL AND ARTIFICIAL ULTRA-VIOLET SOURCES

Intensities of i l l u m i n a t i o n necessary to d e l i v e r 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:

FOOT-CHOLtS

Sunl Ight pi vt Skj

2.

n I g h -

Qu^r tz "*reury (re ln«« l
OutrtI "»«rcur j *r e I 7000 hour » I

Corsi 0 «l l t« r , 0.8 «•
w i t h 888 f I lt«r, 0.6 no
llth 690 f I ll*r, 0.9 ••

• pr j i iuf t « « f c u r y iro

'. T«k« of 888 gI ill
• I th p o r c e l a i n r a f l t c t o r

6. Tuk* of 690 jl««i
• 1th e o r c a l t l n r« f l«e tor

IwnMght < T T p « $-11 I «*f
• Itmlnuo r » f l « c t o r .

o i l d l t * 4

A o a r a g * Corci 0 kulkt
Av.r.j. (90 tulti

7.
8.

Tunj
9. Su lk of 888 g l« l t

10. Cort i D t v l b

On*
Hour

3000
TOOO

f>
12
21
23
55

96
185
150
»)

T.o
Hour I

1500
3500

36
11
12
28

18
93
75

1»6

f o u r
Hour t

750
17?0

2
3
6
6

In

2<t
• 6
38
73

e i g h t
H 0 u r »

375
875

1
2
3
3
7

12
J3
19
37

67
106

2»00
1680

53

1200

17
27

9
13

300
210
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VARIATION IN SUNSHINE THROUGHOUT THE YEAR

The average v a r i a t i o n in hours of sunshine and darkness
d u r i n g -the 24 hour period throughout the year is shown by the
f o l l o w i n g graph.

21

2O-

ia-
16

14

12

10
Xa
e
4

pei- day

Sunshine

juur AU6 urr

Darkness

JAM Ptt MAT

Mr. F. Paul Anderson prepared an interesting chart e n t i t l e d
Suns and S k u l l s . Note the variation in rate of m o r t a l i t y as
sunshine d i m i n i s h e s . It almost follows the darkness curve on the
above chart.

S U N S A N D S K U L L S
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VITAL RAYS A HEALTH MEASURE

Since roodem mode of l i v i n g has changed somewhat, as
compared to times p r i o r to our machine age, most people are
rotbed of u l t r a - v i o l e t radiations required to sustain good
healt h , because they l i v e in smoky and dusty c i t i e s and factory
towns. Smoke and dust f i l t e r out the vi t a l rays of the sun to
a great extent. Even those who l i v e away from these conditions
are usually no better off since they work in offices and b u i l d i n g s ,
Here again the v i t a l rays of the sun are lacking even though many
windows may be at hand. Thus, a great proportion of people,
p a r t i c u l a r l y factory workers, have reached a point where a
continued lack of exposure to ultra-violet radiation may affect
the! r heal th.

Many factories have ins t a l l e d dual purpose l i g h t i n g in the
past few years and report astonishing results. Sanford DeHart,
director of the hospital department for a large machine tool
company, pointed out several interesting facts recently in regard
to electrical therapeutics in industrial plants. He t e l l s 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 $73,000,000 a year. The United States P u b l i c 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 employee. Colds were responsible
for 39 per cent of all absences among men and 31 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 d e f i n i t e i n t e r v a l s of
tine d u r i n g a week. Of each group treated, a reduction in
colas of 42; per cent was noted as compared w i t h s i m i l a r
susceptible groups not treated. Other research work of
importance has been done by the Basic Science Research
Laboratories of the U n i v e r s i t y of C i n c i n n a t i , under the
direction of Prof. George Sperti; and by Dean F. Paul Anderson
at the U n i v e r s i t y of Kentucky.

Many other experiments of a s i m i l a r nature to those stated
above 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
l i g h t i n g in a single paragraph as fellows:

'For the past two years we have been experiment-
ing in the shop w i t h a new COOPER HEKITT l i g h t
tube which has a glass tube transmitting 2650
Angstroms (265 m i l l i m i c r o n s ) or the same registra-
tion as June sunlight. Tests made in our shop
over a period of several months show that the
ultr a - v i o l e t emanated from these lamps has caused
an appreciable decrease in the number of absences
due to minor illnesses, in addition to f u r n i s h i n g
excellent i 11 uminat ion.. Because the industrial
worker is confined at his work during the e n t i r e
period when he might otherwise receive the sun's
rays, we consider this an i d e a l combination, in
which the vital health quality is aaoed to
i ndustri al Ii ghti ng. *

This health-promoting system of i l l u m i n a t i o n can be
easily and economically installed in any i n d u s t r i a l plant.
In plants already illuminated by standard COOPER HEWITT
lamps the change to thi's modern system of h y g i e n i c l i g h t i n g
can be made overnight. The COOPER HEWITT system is, indeed,
the only i l l u m i n a t i o n system that can be changed on short
order to provide hygienic l i g h t i n g .
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THE COOPER HEW IIT HYGIENIC LAMP

I n factories, m i l l s a n d workshops a l l over t h e country
and atrcad, COOPER HEWITT l i g h t has long been recognized as
BETTER THAN DAYLIGHT as a l i g h t to see ty. There are two
reasons for t h i s ; one because of its superior qual i t y and the
other because of its steady l i g h t output 24 hours a day.

COOPER HEWITT is now becoming recognized as BETTER THAN
SUNLIGHT because of its health g i v i n g rays through the use of
special glass tubes. It is better than sunlight because of
its ease of i n s t a l l a t i o n in factories, and greater v i t a l ray
effect than s u n l i g h t passing through windows. It is a v a i l a b l e
whenever needed d u r i n g the 24 hours of the day.

DuuibutioB—Vi«»l ud Viul lltnviokt-

The COOPER HEWITT HYGIENIC lamp is not an experiment.
Several thousand lamps have been installed both i n d u s t r i a l l y and
commercially with g r a t i f y i n g 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 l i g h t i n g . A c t u a l l y any a r t i f i c i a l
l i g h t i n g system is better than d a y l i g h t when considering the
fact that d a y l i g h t as a source of i l l u m i n a t i o n is restricted to
a certain number of hours in a 24 hour day. However, the
expression refers to q u a l i t y of l i g h t rather than the t i m e or
numter of hours ava i l a b l e .

WAVELENGTH - A UNIT OF MEASURE

The measure of efficiency of any l i g h t for seeing depends
upon its wavelength. Daylight is considered as l i g h t contained
w i t h i n a range of wavelengths by which the eye can see. This
is sometimes referred to as the v i s i b l e spectrum and has a range
of wavelengths between 400 and 700 angstrom units or .40 to .73
microns. The micron is a s c i e n t i f i c u n i t of length ecual to one
one-thousandth (.001) of a m i l l i m e t e r . The angstrom u n i t is,
therefore, one t e n - m i l l i o n t h (.0000001) of a m i l l i m e t e r .

Daylight, w i t h its range of wavelengths between .40 and .70
microns, consists of seven primary colors, making up the solar
spectrum:

COLOR WAVELENGTH

Violet 0.39 to 0.42

Blue 0.43 to 0.47

' Green 0.47 to 0.53

Ye I low 0.53 to 0.59

Orange 0.59 to 0.52

Red 0.62 to 0.77
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Some conception of the wide range of wavelengths used in
present day a c t i v i t i e s is given ty the sketch below:

J ......... I
V •-.; - fi-,- -'TTr"—— -----

VISIBILITY OF LIGHT WAVES

As previously expressed the eye is sensitive to certain rays
in the v i s i b l e spectrum. Mr. Henry Schroeder (Incandescent Lamp
Department) very clearly e x p l a i n s this as follows:

•The mount of e n e r g y •ithin the v i s i b l e tpactrun It not necessar i l y

I n d i c a t i v e of the c*n4l«?o«*r of the light, n th« eye It net equa l ly
xnilt ix to the * i r lou< • i v a l e n g t h s ilthin the r tnge 0, » to 0.76

•Icroni. i. j i«»n Mount of e n e r g y it tha v i v t l c n g t h 0 . *^6 o icren i

( I y« l lo * -g r««n c o l o r ) a f f « c t > th« *y« "ore tn*n th« »••» taount of

«ncrqy i t *ltn*r the •«il«ngt1 0.510 ulcrort (e tlu«-gr«on c o l o r !

or 0.610 • Icront (in or inga color ) . Thui t*« c >.na Ig po««r of t>o

l i g h t jourcal, hiring r c l i t l o l y 4 l f f . i r *n t a I it r 1 but ion i of «n«rgy tt

• irloul •••• l .njt^l , « i l l not n g c o t a r i l y »• In p r o p o r t i o n to t h o l r

to t4 l *n t rgy «lthln th» >lilbli tpcctru*. 4 l igh t tourer «» i t t ln<] <

pr tpondar inc> of GMCI **0 TdLOW ll)ht j i»*t »uc" *ora cindlcpoxr

ttiin l ight t o u r c a t of th> «»•• ivount of r ia i tn t % n « f j | . I th ln th«

v i s i b l e s p a c t r u A w h i c h v a i l t s I pr aponoar anci of b l u a or rad l i g h t . *

COOPER HEWITT l i g h t has a preponderance of green and yellow
l i g h t , almost 99% by candlepower measurement. A sufficient amount
of blue is present to keep the eye w e l l balanced or sensitized for
keen vision.
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COOPER HEWITT l i g h t is the ideal l i g h t tecajse of t h i s
perfect balance. It permits workers to focus on d e t a i l w i t h
greater ease, thereby increasing sharpness of v i s i o n w i t h the
desired outcome of improved q u a l i t y of merchandise and
increased production. No other l i g h t , not even daylight, w i l t
i l l u m i n a t e v e r t i c a l surfaces and penetrate into niches and c a v i t i e s
w i t h t h e d e t a i l revealing effect a s w i l l mercury l i g h t . N o r w i l l
any other l i g h t produce maximum visual acuity and conserve the
energy of workers with the same degree of efficiency as
COOPER HEWITT l i g h t .

WHITENESS OF MERCURY LIGHT

The fact that the color of mercury l i g h t is d i s t i n c t l y b l u i s h
affords an impressive demonstration of the difference between the
brightness effect of monochromatic l i g h t and its coloring power.
The li percent of blue and v i o l e t is s u f f i c i e n t to over-balance
the 98^ percent of yellow-green in coloring power. The colors
of the four bands const!tute two pairs of complementaries; b l u e
and yellow, v i o l e t and greenish-yellow. So nearly are these
matched, that the color of the l i g h t is very nearly visual white.
Tht general effect by mercury l i g h t is therefore one of cool
w'ii teness.

This mental sensation of v i s u a l w h i t e is, l i k e w i s e , important
because of the excellent way in which mercury l i g h t blends
with daylight. When COOPER HEWITT l i g h t is used with d a y l i g h t
one scarcely realizes the waning of d a y l i g h t - workers keep pace
with production requirements day or night.

CONTINUOUS PRODUCTION RESTS ON UNIFORM LIGHTING

COOPER HEWITT l i g h t is the only industrial i l l u m i n a n t 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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- it blends perfectly u-ith da>(ight
Sunj. iw-! r .c .cr ~ e j - ; ;\ -t.S:.*-\ .-. a C •
i .e ' - ted r i a - t T-c ; •—c v s ..,»; ,.c:; w

? > ^ k \ B D

LIN(.T.| N
H^. - J P 3 n^- - r t k

\C > P \ R K PUG

not ice *..'"e t ' j n - • ' r.. T^o'.r >ec 'n? p- AC' - .r, n 'A i - '
Jinii.i-.r.cc ArJ jt r. _-"i. wrc;-. C'« re- 11c» !t> - j ic
the ric 'd i!: (r t h c n ^ c A cs. S - t h q j j . :\ t-i j-J-.; t>-
of pr->duct: ' jn «rc as g.>.d a<. cr bc:icr t h a n , :h< Jiy ' : i<ht
p rod uc lion.

—'{ throu'S an «en light oi>er, around and
inside the machine
Men work ing jn jo r Cv>'p<r Hcw.Hs Co n^t unr .w » l at
it is to have "txi much" l ight in one pU,e ind "niit
enough" in another. The i l lummatirn from the '.• nu
tubes bathes even- machine and gets down i n < i d e com-
f lex w o r k i n g mechan i sms just as evenly . Eyes are able
to hold their focus; pupi ls do not have to expand and
contract constantly Thi» one advantage alone ef-
fect ively reduces evestram.

— «** detail'revealingqualitybermitsuniform
inspection — day and night
Thi» ii the feature which usually has the strongest
appeal to manufacturers making their first acquain-
tance with Cooper Hewitt. They qu ick ly find that
Cooper Hew-.tts automatical ly "tighten up" their in-
spection, and notice that this holds good on nijht as
well as day shifts . The peculiar abi l i ty o( Cooper
Hewitt light to maenify small detail makes defects
which are usually invisible stand out sharp and clear.

DeCaUSe —— it e/imtnate5 all eye-strain and removes the
chief cause of defective u>orkmanshij>
Everybody knows that "green it good for the eyes."
but Cooper Hewnt has more than color in its favor.
The complete freedom of strain that Cooper Hewiti
prov ides is '^e combined product of several other dis-
t inctive fea tu re '—such as perfect d i f fus ion, absolute
darclcssness and total absence of the hot, fatiguing
red rays found in all other light.

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 l i g h t .
They must have a l i g h t of sure
seeing-power, one that enables their
workmen to put the trim along the
inside tops of closed car bodies
wi th no auxiI i ary I i ght.
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DAYLIGHT VARIATIONS

D a y l i g h t intensities are somewhat variable throughout the
day as shown g r a p h i c a l l y on the next page. These graphs were
taken at the Georgia School of Technology and are the results
of d a y l i g h t intensities from 5 A.M. to 6 P.M. on three
different days with conditions as follows:

1. Normal clear day

2. Cloudy day

3. D u l l day

On clear days with a proper arrangement of windows,
intensities w i t h i n 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 d i f f i c u l t for workmen to see clearly. On very
d u l l days artificial l i g h t i n g 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 d u l l days in each month of the
year. The average number of clear sunshiny days is ;n the
neighborhood of 50%. The remaining days are .cloudy and d u l l ,
making intensities on the working plane either objectionable
or insufficient.

Since COOPER HEWITT l i g h t blends so perfectly with day l i g h t
it can be used to straighten out the sudden dips of d a y l i g h t
intensities on cloudy days and provide sufficient w e l l balanced
l i g h t on d u l l days. Herbert Chase remarks:

•It ll c h a r a c t e r lit Ic of the ford organ! lat Ion, it of >tny other p r o g r t t t l v e
conetrni, thet It *o«• not • I to« luch » a r l a » l e t at vetthar or tl>a of day to
I n t e r f e r e w l t n th» t t e t d y •arch of production. O a y l l g h t , for eitaple,
though employed when a v t U a k t a and "here Itt uta f l t t In w i t h tna production
program, It not a p r i m a r y cent Ider at Ion. There It no cr taping of tht progra*
to Bake It confer* to the v a g t r l e t of «»tth»r. fort au l ld lng t ara t f t t l g n a d to
conform to production reauIreaantt , and provl t lon than It Bade to at tura
tdeopata and geod-taalng l ight >lthout r a g a r d to wathtr , tatton, or t laa of
day . Tha par fac t lon of oodarn l ight ing tyt taat hat aada thlt p o l i c y pot t lk la
tnd highly tuccattful.
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THE DAYLIGHT BUILDING

The d a y l i g h t b u i l d i n g or one h a v i n g windows to f u r n i s h
l i g h t in working areas requires special attention. Best
d a y l i g h t is obtained w i t h overhead windows w h i c h add
considerably to the expense of a b u i l d i n g and are either
restricted to top floors or single-story construction.

When p l a n n i n g on d a y l i g h t for production, many important
factors must be considered and its r e l i a b i l i t y and economy
thoroughly checked. These factors are:

1. Geographic location.

2. Atmospheric.conditions.

3. Cost of s k y l i g h t s and side windows.

4. S k y l i g h t and window maintenance.

5. Heat loss through glass and sash.

Such a check w i l l reveal that d a y l i g h t is not free but
has its operating costs just as any other l i g h t i n g system.

The maintenance cost of washing windows varies in amounts
from i to li cents per square foot of window area. A
superintendent of a large motor truck company reports that the
average window b i l l in his plant, being 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 . H o l l a d a y ( N a t i o n a l Lamp W o r k s )
made a very ca re fu l study of the
cost of l igh t ing indust r ia l
b u i l d i n g s and f i nds that a mon i t o r
top b u i l d i n g costs $5.42 per
100 square feet of f loor area to
heat. Thus a b u i l d i n g 200 feet
square wou ld cost a total of
$2168.00 for heat losses due to w indows .

V \ \ V

ntit l o t * t h r o u g h « l n < o » «
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DAYLIGHT VALUES IN BUILDINGS

ScTe tiTie ago the I.E.S. Transactions p u b l i s h e d data
s -: c * i r ; the t y p i c a l f a l l i n g off of d a y l i g h t values in b u i l d i n g s
•vi t^ v a r i o u s h e i g h t s and w i t h a monitor top.

D u r i n g d a y l i g h t hours ample l i g h t may be provided near windows,
but the i n t e n s i t y r a p i d l y f a l l s off toward the center of the
t u i I d i ng.
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A w e l l known architect made a test on the i n t e n s i t y cf
d a y l i g h t in a modern m u l t i p l e story b u i l d i n g and founc t*>at
s u f f i c i e n t d a y l i g h t for good work was a v a i l a b l e o n l y 14 feet
from the windows on each side of the b u i l d i n g . He stated
that:

A BUILDING MORE THAN 30
WIDE WAS NOT WELL DAYLIGHTED

Unless good l i g h t i n g is used in the center of the b u i l d i n g it
it only good for storage space - - the rental value is o n l y
worth one-half to one-fourth that of w e l l l i g h t e d sections.

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

" T oo much deptndtnct s h o u l d no t b * p l a c e d upon s i d e • • ! ( B l n d o v s

for l i m i t i n g «idj b u i l d i n g s . The ) l t r « f r o * t l a r g « s r * « o f

j ' « l l c a u s e s ty is t r i ln « n a f i t i j u t . » U J i t i o n « l l i g h t th rough

»i«-tooth or m o n i t o r v l n d o w s *ust s u p p l t « t n t s i d « * a M l l ( u a i n « t i o n

>o thit th« r - t t i o ott«nn cuiaui I I I »•! nit I OK >t th« s l d « of tht

b u i l d i n g ind •inlaun i l l u a i n t t l o n In t"« i n t e r i o r b h « l l ro t « i c « t d

3 to !.•

Whatever may be said about d a y l i g h t , as far as l i g h t i n g
dep*rtments of manofacturi ng plants, it is only a v a i l a b l e
about 25% of a 24 hour day. The charts below show how l i t t l e
d a y l i g h t is a v a i l a b l e over a period of a year.
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FIVE-FOOT SKYLIGHTS
•t.

Many attempts have been made to rsach the ideal of dayligH
i l l u m i n a t i o n w i t h i n b u i l d i n g s by i n s t a l l i n g glass i'h the roof.
This method of i l l u m i n a t i o n , however, presents many handicaps
and l i m i t a t i o n s . In the first place, it is adaptable only to
top floors and single-story b u i l d i n g s . It is wholly- dependent
upon weather conditions and of course l i m i t e d to daylight hours.
Skylights result in higher fuel costs due to tremendous heat loss.
The maintenance of such a l i g h t i n g system also presents a problem,
due to the great amount of dust and dirt which co!Le.cts on both
sides of the glass. Thus, the skylight is not an ideal form of
1 i g h t i ng.

Through long experience and practice it has been found that
one COOPER HEWITT lamp w i l l provide i I] umination equal to the best
results obtained from a FIVE-FOOT SKYLIGHT. Ther^re many
advantages in favor of COOPER HEWITT i l l u m i n a t i o n in comparison
with skylight i l l u m i n a t i o n .

Several large manufacturers after discovering the advantages
of COOPER HEVKITT l i g h t , have changed construction plans of new
buildings. These changes eliminated contemplated Skylights and
specified COOPER HEWITT l i g h t 24 hours a day. These executives
state that savings in heating costs by el imi nat i ng ,sky I ights
more than pay for 24 hours of artifici-al l i g h t and that the
a r t i f i c i a l l i g h t was eminently satisfactory.

Daylight i» variable. You can't count on it. Daylight- -
suffers also by comparison on items of last cost and upkeep.
Windows and skylights cost money. They are practical
only where conditions are favorable. They 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 -ft
seeing power.

Cooper Hewitt light is better than daylight Dot only
because it is of constant intensity at aoy hour but
because it is composed almost entirely of yellow-
green (the best-seeing) rays of light. It has none of
the glare producing qualities which are hard on the -' -
eyes. ***'
As a result, every detail becomes sharp and clear as ~~"
if magniBed, vision is more acute and the response »J
of brain and hand is more rapid. - 7"—
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COOPER HEWITT SKYLIGHTING

Comparing the two photographs below shows how COOPER
HEWITT l i g h t provides sky l i g h t i l l u m i n a t i o n at its best.
The d a y l i g h t conditions are obtained from s t r i c t l y modern
saw-tooth s k y l i g h t s in a single-story b u i l d i n g w h i l e the
a r t i f i c i a l l i g h t i n g is obtained from a modern installation
of COOPER HEWITT lamps.

Two other photographs show how ideal s k y l i g h t i l l u m i n a t i o n
has been provided to supplant d a y l i g h t . The wood-working shop is
in a basement - - the l i g h t i n g has been put where it is needed
and the workers are not dependent upon the weather for l i g h t i n g .
The s i l k weave room has uniform i l l u m i n a t i o n throughout - - the
lack of harsh shadows on the looms and the a b i l i t y to see each
thread clearly make greater production and better quality
possible.
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ADVANTAGES OVER DAYLIGHT

A few of the more important advantages of COOPER HEWITT
ig^t over d a y l i g h t may be listed as follows:

1. No heat loss.
2. Much easier to clean.
3. Uniform l i g h t 24 hours a day.
4. Dust and dirt accumulation rr.uch slower.
5. Can be installed when and where needed.
6. Better visual value at low intensities.
7. EVERY LAMP EQUAL TO A FIVE-FOOT SKYLIGHT.
8. Revealing power surpasses da y l i g h t at its best.
9. Can be installed anywhere in any kind of a plant.
10. Can be moved to different locations if occasion demands.
11. Always of constant value, evenly and uniformly diffused.
12. Direction of l i g h t always under control and very f l e x i b l e .
13. Uniform production regardless of fog, cloudy days or

twi I ight.
14. Detail revealing qu a l i t y permits uniform inspection day

or n i ght.
15. At an intensity of 5 foot-candles surpasses caylight

at its best.
16. At 4.5 foot-candles equals d a y l i g h t at 10 foot-candles.

ADVANTAGES OF COOPER HEWITT LIGHT WHEN USED WITH DAYLIGHT

I . Pei nforces dayl i ght.
2. Increases eye sensitivity.
3. Blends with standard daylight.
4. Adds considerably to the seei ng-power.
5. Provides higher v i s i b i l i t y at point of seein;.
6. Blends perfectly with d a y l i g h t at t w i l i g h t .
7. Helps appreciably to increase visual discrimination.
9. Makes scribe marks on scales and machines more distinct.
9. Permits clear vision in recesses and shielded places.
10. Blends so perfectly w i t h d a y l i g h t that there is no

contrast either in intensity or quality.
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ARTIFICIAL DAYLIGHT

There are few instances when true d a y l i g h t or north
d a y l i g h t is required for accurate color matching purposes.
When such is the case special l i g h t i n g equipment is required.
There are some instances also, when colors must show up w i t h
approximate true values. In t h i s case, l i g h t i n g may be such
that it is approximately the same or as near d a y l i g h t as
possible.

Two methods of approximating the color value of d a y l i g h t
are known:

1. Subtract!ve method

2. Addi ti ve method

The subtractive method is accomplished w i t h incandescent
lamps using a b l u e glass b u l b . When g l a r e is objectionable by
this method the clear incandescent b u l b may be used w i t h a b l u e
glass diffuser. In both cases the b l u e colored glass absorbs
a greater amount of l i g h t toward the red than toward the v i o l e t
end of the spectrum, so as to balance more e q u a l l y the amount
of radiant energy at all wavelengths w i t h i n the spectrum. The
b l _ ; b u l b or diffuser absorbs one-third or more of the total
l i g h t emitted by the f i l a m e n t of the lamp.

The additive method uses a combination of mercury vapor
and incandescent l i g h t . The mercury vapor being d e f i c i e n t in
the red and the incandescent in the b l u e end of the spectrum
balance to g i v e a white l i g h t . Various degrees of color
effect can be obtained depending upon the amount of mercury
vapor and incandescent l i g h t used. Various fixtures of th i ?
nature are a v a i l a b l e for both i n d u s t r i a l and commercial
appl icat i on.

It is q u i t e apparent that the a d d i t i v e method is to be
preferred from the e f f i c i e n c y standpoint since both l i g h t
sources operate under normal c o n d i t i o n s w h i l e the suttractive
method requires a f i l t e r w h i c h absorbs l i g h t .
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COST OF LIGHTING INDUSTRIAL BUILDINGS

The report g i v e n by L.L. Holladay contains so much
v a l u a b l e information that a table c o n t a i n i n g all the important
features has been prepared for ready reference. This tatle is
set up in s i m p l e form but should nevertheless be carefully
studied so that it is thoroughly understood.

An example of the method of de t e r m i n i n g the annual cost
per 100 square feet of floor area for a r t i f i c i a l l i g h t i n g ,
( B u i l d i n g A), is given as follows:

Uniform intensity on working plane. . . . . . . . . 13 ft.c.
RLM reflectors - 200 watt W.B.lamps- total of ... IOB
Cost of w i r i n g at $8.65 per outlet. . . . . . . . . 3934.00
Cost of l i g h t i n g units installed at $4.05 each. . . 437.00
^otal investment cost for a r t i f i c i a l l i g h t i n g . . .1,371.00
Total cost per 100 sq. ft. of floor area. . . . . . 12.70

Based on the above figures, the items of annual cost of
a r t i f i c i a l l i g h t i n g used to supplement natural l i g h t i n g in
m a i n t a i n i n g the prescribed m i n i m u m of 13 foot-candles upon the
work!ng pIane are:

Interest, depreciation, repairs, taxes, etc. on
w i r i n g , $934.00 x 12? . . . . . . . . . . . . . . . $112.00
Interest, depreciation, repairs, taxes, etc. on
l i g h t i n g units, $437.00 x 2 \% . . . . . . . . . . . 91.80
Cleaning l i g h t i n g units six times 109 x 6 x .07 . . 45.36
Lamp renewals, 108 x 651 x $.67/1000. . . . . . . . 47.10
Electric energy at two cents per kw-hr.,
109 x 551 x 200/1000 x $.02 . . . . . . . . . . . . 291.24

Total . . . . . . . . . . . . $577.50

T h e r e f o r e , the tota l annual cost o f a r t i f i c i a l l i g h t i n g i s
$577.50 or an annual cost of $5.35 per 100 square feet of f l o o r
area.
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The f o l l o w i n g is a l i s t of most important features c o n t a i n e d
in the Summary of the report:

1. 'A'hen the m i n i m u m intensity of i l l u m i n a t i o n desired upon
the work-plane is less than about 10 ft.c. or more than 75,
a r t i f i c i a l i l l u m i n a t i o n is the more economical one. Between
these l i m i t s , u s u a l l y at about 38 ft.c. the combined cost
of natural and a r t i f i c i a l i l l u m i n a t i o n per ft.c. per hour
attains a mi nimum. '

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 b u i l d i n g s having side windows
only, and from $.41 to $.59 for b u i l d i n g s having windows
in the roof a I so."

3. 'The annual cost of m a i n t a i n i n g and operating the heating
system to supply heat losses in c i d e n t to windows varies
from a m i n i m u m of 7 cents per sq.ft. of window surface in
B u i l d i n g A, to a maximum of 12.3 cents in B u i l d i n g C. '

4. 'Under average conditions the ratio of the i n i t i a l costs
of natural l i g h t i n g to electric l i g h t i n g equipment v a r i e s
from 2.25 for a single-story flat roof b u i l d i n g to 6.3
for a sawtooth b u i l d i n g . '

5. 'Under the same conditions the ratio of the annual cost of
natural l i g h t i n g to the annual cost of electric l i g h t i n g
varies from 1.09 for a single-story, f l a t roof b u i l d i n g ,
to 4.03 for a sawtooth b u i l d i n g . '

6. "It appears that a practice of washing windows less
frequently than twice a year is uneconomical excepting
when the m i n i m u m intensity of i l l u m i n a t i o n upon the work-
plane is maintained at less than 10 ft.c.1

7. 'When determined merely by the cost of l i g h t i n g , it appears
from these results that for any type of standard b u M a i n g
investigated and operating under average conditions that
no appreciable expenditure for natural l i g h t i n g e q u i p m e n t
is j u s t i f i a b l e when e l e c t r i c energy can be purchased as
I ow as 1.4 cents per k*.-hr. '
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WINDOWLESS FACTORY

in many cases windows are a menace to both employees and
err.pioyer. The employee does not benefit m a t e r i a l l y frorr. t"e
fact that windows are present, ^e it her l i g h t , heat, nor
v e n t i l a t i o n are properly obtained from them; moreover, s u n l i g h t
is absolutely of no benefit to workers coming through the glass
windows.

The windowless factory is by no means a dream. The
photograph below of the B l a n d i n Paper Company's m i l l , (Grand
Rapids, Minn.) is only one of many windowless b u i l d i n g s now in
existence. Heating, v e n t i l a t i n g , and l i g h t i n g systems are
s c i e n t i f i c a l l y engineered and controlled. In addition to this,
COOPER HEWITT lamps are equipped w i t h special glass tubes
which emit health-promoting u l t r a - v i o l e t rays eq u i v a l e n t to the
ult r a - v i o l e t radiation of average June sunlight. All this may
be considered as improvements on Nature and further, proves
that:

Cooper Hewitt
is

better than daylight

NO WINDOWS HERE
..YET EMPLOYEES

ENJOY B E T T E R
THAN DAYLIGHT
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At Fitchburg, Mass., stands the m i g h t y wincowless factory
of the Simonds Saw and Steel Company. Its austere beauty has
attracted many thousand people and all proclaim that the l i g h t
w i t h i n 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 l i g h t i n g
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 'controlled-conditions' plant which relies not upon Nature
in any way — not even daylight.

The Wallingford Steel Company, to avoid the suspended d i r t
and gas that filters into office space through windows, have
moved into their new office b u i l d i n g 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 a r t i f i c i a l l i g h t i n g that would
simulate daylight in effect was demanded, namely, a combination
of Mercury-Mazda.

The famous Hershey Chocolate Company have b u i l t a windowless
structure for their new office b u i l d i n g . Standard COOPER HEWITT
tubes again are combined with viazda to produce daylight i l l u m i n a -
tion. A total of 150 fixtures provide office workers with light
that eliminates eye-strain and fatigue.

The trend toward windowless b u i l d i n g s w i l l gain impetus as
the pioneers l i k e B l a n d i n , Simonds Saw, Wallingford, Hershey and
others, prove their value. The above examples are strictly
modern conceptions of l i g h t i n g and the 'plant of the future1.
Within this "plant" is assured a definite quantity of fresh humid
air, the temperature always constant, health rays in just sufficient
quantities and l i g h t that w i l l never vary throughout the day. These
are truly humanitarian aspects in w^ich the mercury vapor lamp
w i l l be a rr.ost essential element to the health and well-being
of future generations.
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COOPER HEWITTS are used e x c l u s i v e l y \r. the latorator,
where the world's most accurate gages are made. £c acc-jrate

are these gages that
they measure one one-
mi II i onth cf an i rich.
For many years COOPER
HEWITT lamps have teen
used e x c l u s i v e l y by
C.E.Johansson, I nc., i n
the Gage Department in
Ford's Laboratory
B u i I d i n g (Dearborn).
This laboratory is in
an isolated section
where cay Ii ght i s not

a v a i l a b l e and where temperature is h e l d constant throughout
the day.

The Johansson Gage Department is just another t y p i c a l
example of the 'better than daylight 1 q u a l i t y of COOPER HEWITTS.
The very q u a l i t i e s that make mercury vapor l i g h t so satisfactory
for this exacting 'gage1 work, make it ideal for all types of
manufacturing operations — even where windows are excluded
and d a y l i g h t is not available or desired.

707099



COMPETITIVE

PAGE

THE PASSING OF LIGHT SOURCES ........... I

MODERN INCANDESCENT REFLECTORS .......... 2

110 V AND 220 V INCANDESCENT LAMPS ........ 5

PROGRESS OF LIGHT. ................. 5

COOPER HEW ITT VS INCANDESCENT LAMPS. ....... 6

PRACTICAL COMPARATIVE TESTS. ........... 7

DOWNWARD LUMEN COMPARISON. ............ 9

FOOT-CANDLE INTENSITY COMPARISON ......... 9

COMPARING QUALITY OF LIGHT PHOTOGRAPHICALLY. ... 12

MODERN COOPER HEW ITT ILLUMINATION. ........ ill

STANDARD PRICE SCHEDULE MAZDA C LAMPS. ...... 15

COMPARATIVE ESTIMATE-COOPER HEWITT vs MAZDA. ... l6

COMPARATIVE COSTS OF FACTORY LIGHTING. ...... 17

707100



r c u P E 1

"Here are o n l y two types of i n d u s t r i a l l i g h t i n g a v a i l a b l e
at present, whicr. can be considered c o m p e t i t i v e ——

1. Mercury

2. Incancescent

Net many years ago there were other forms of l i g h t p o p u l a r l y
used, such as carton arcs, glow lamps, carton incandescent lamps,
and many others. COOPER HEWITT lamps have competed w i t h all
these l i g h t sources w h i c h are now p r a c t i c a l l y forgotten. As a
matter of fact, vacuum, gas and nitrogen f i l l e d tungsten lamps
may be i n c l u d e a w i t h this l i s t ; even d a y l i g h t is less thought
of, by vir t u e of the fact that fewer windows, as w e l l as windowless
factories are becoming more common.

THE PASSING OF LIGHT SOURCES

A few of the most popular l i g h t i n g u n its employed in American
industry are shown below.

1784 1820 1886 1890 1895 I9OO 1905

I
L \ / \ L

1910 1916 1918 1920 1925
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C O M P E T I T I V E

All Cut the last two have passed into o b l i v i o n . F r i e r to
1920, both incandescent lamps and reflectors were r e l a t i v e l y
i n e f f i c i e n t . In order to control the design and e f f i c i e n c y of
reflector equipment the 'Reflector and Lamp Manufacturers*
drew up a set of specifications recommending a specific shape
for enameled steel reflectors for low bay mounting. These
u n i t s have since been known as RLM reflectors.

The demand for hiQher intensities of i l l u m i n a t i o n in the
next few years found the RLM reflector to be too b r i l l i a n t foi
comfort and objectionable shadows were cast on v i t a l points
where seeing was required.

In 1925 the RLV Dome was modified to include a diffusing
glass globe around the incandescent lamp, in an attempt to
reduce the i n t r i n s i c b r i l l i a n c y and soften shadows.

MODERN INCANDESCENT REFLECTORS

RLM Standard Dome

12 inch diameter - - - - 60-100 watt lamp.
14 ' - - - - 150 '•
16 • ' - - - - 200 ''
IB • ' - - - - 300-500
20 • ' - - - - 750-1500 '

Standard Glassteel Diffuser

18 inch diameter - - - - 150-200 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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Manufacturers of reflectors have maae changes in aesigr
of eauipment f r e q u e n t l y , to keep up w i t h the change in g e n e r a l
construction c.f the incandescent lamp. R a d i c a l changes tcok
place atout every 5 years since 1595.

COOPER HEWITT lamps in the past 30 years have undergone
s l i g h t changes in reflector aesign and refinement of a u x i l i a r y
parts. The p r i n c i p l e of l i g h t emission, however, has never
changed. It has maintained its h i g h efficiency throughout the
many years and s t i l l remains unchallenged as the most d e s i r a t i e
l i g h t from the standpoint of:

1. Being glareless
2. Being shadowless
3. Promoting maximum contrast
4. P r o v i d i n g greater seeing-power
5. Highest v i s i b i l i t y at point of seeing
G. Reducing fatigue
7. Increasing eye s e n s i t i v i t y
8.' Being easy on the eyes

110 V AND 220 V INCANDESCENT LAMPS

The 110 volt incandescent lamp is considered as standard
for l i g h t i n g circuits. Very often 220 volts is preferred w i t h a
substantial saving in w i r i n g costs. Recently R.L. Zahour,
(Westinghouse) stated in an article published in the E l e c t r i c a l
Record, the advantages of the 110 volt lamp ovei the 220 v o l t
lamp. These are b r i e f l y outlined as follows:

1. Decreased lamp cost (203 less for same wattage).
2. Higher l i g h t output (23? hig h e r for same wattage).
3. Better performance (filament approximately twice

diameter of 220 v o l t lamp).
4. Filament more rugged (less l i k e l y to be broken).
5. Ease of obtaining replacements.
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W h i l e the incancescent lamp is a comparatively s i m p l e
oevice, there are many precautions that oust be observed in
u s i n g :uem i n c u s t r i a l l y . Some of these have teen listed as
foI 1ows:

Don'ts for Mazda Lamps

1. Don't use lamps in reflectors designed for
smaller lamps.

2. Don't expose ordinary lamps to severe vibra-
tion or heavy shocks.

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

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

5. Don't use gas-filled lamps (60 watts upward)
exposed to rain or snow.

6. Don't use ordinary lamps for color matching
without an auxiliary filter.

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

8. Don't use 220-volt service for lighting when
120 volts can be used.

9. Don't use the special mill-type lamp for vibra-
tion service in other than the base-up position.

10. Don't use any white-bowl lamp base-down.

11. Don't ex pea a regular PS-bulb lamp to give as
good service base-down as base-up.

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

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

14. Don't keep a blackened lamp in service.

COOPER HEWITT lamps operate on 110 volt or 220 volt c i r c u i t s
w i t h the same characteristic of h i g h efficiency and operating
performance in either case. There is no filament to burn out or
become broken and the replacement tubes are the san.e on either 113
or 223 volt service, since an auto-transformer supplies same
voltage values to the tube terminals. Point 14 is the only serious
•con't' to observe with COOPER HEVYITTS.
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PROGRESS OF LIGHT

"e o p e r a t i n g cost of v a r i o u s l i g h t i n g u n i t s based on the
>ar,e canci'eccwer r a t i n g is i n d i c a t e d telow.

I?G T a l l o w candles g i v i n g

130 c.p. for 1000 hours

would cost. . . . . . $1500.00

8 O r i g i n a l Edison Lamps would g i v e
130 c.p. for 1000 hours

at a cost of. . . . . ^?.75

I Modern 100 w Mazda Lamp g i v i n g *
130 c.p. for 1000 hours

would cost. . . . . .

I Modern COOPER HEWITT producing **
130 c.p. on the tasis of 1000 hours

would cost. . . . . . 1.50

100 w a t t t i inpn hourt « 100 kw. « 2« = J2.00
plu t 20t r e n e w a l — 12.20

Standard 150 w * t t C O O f E K H t * i T T preduct i 893 c . p . j
approloate I j 1/T of a laap, t h e n w o u l d ; !>« the

l^C c.p. in the abo>« c a l c u l a t i o n .

1/7 « i»50 w a t t » • 1000 hour» * 6« . } k«. • 2« = J1 .30

S e n e w e l , I/1 of one tube for 10?0 h o u r t = $0.20
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C O « P E T I T t V t

COOPER HEW ITT VS INCANDESCENT LAMPS

Data has teen mace a v a i l a b l e in tabular form showing average
foot-canale i n t e n s i t i e s for various spacings and mounting heights
for both CCCPER HEWITT and incandescent lamps. From these Taties
r e l i a b l e comparisons of efficiency can r e a d i l y be mace. Below is
a section of a room showing incandescent l i g h t i n g u n i t s on 10' x
spacings w i t h COOPER HEWITTS superimposed on alternate spacings
that w i l l g i v e the same or higher average intensities.

O

IO'MO'X

10'

O

20'-
t>r

o
zo'

O

O O1

.H. 10'*20' - ZOOSP.FT

= MAZDA =COLUMW • COOP6Z HC*MTT

T y p i c a l section of shop- I2CO sq.ft.

INCANDESCENT

16 - 300 watt Glassteel lamps.
10' x 10' centers - - - 100 sq.ft.
3 watts per so.ft.
13 - IS ft.c. (Fr a n k l i n Specifications)
15.5 f t .c . average.
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16 - 300 wa t t W h i t e Bowl RLvl lamps.
x 10' centers - - - 103 sq. <- *

3 w a t t s per S Q . f t .
15 - 21 f t .c . ( F r a n k l i n S p e c i f i c a t i o n s ) .
16.5 f t .c. average.

COOPER HEWITT

8 - 450 watt standard 50• lamps
14 x 14 ft. centers (staggered 20' x 10' centers)- 200 sq.ft,
2.3 watts per sq.ft.
21 ft.c. average (G.E. tables).

One h a l f the number of outlets.
One h a l f the i n i t i a l w i r i n g cost.
Better d i s t r i b u t i o n , d i f f u s i o n and q u a l i t y of l i g h t .
15$ to 35$ more I i g h t .
30% less wattage.

PRACTICAL COMPARATIVE TESTS

Thousands of practical tests in almost every branch of industry
have 'rsen conducted d u r i n g the past 30 years, proving that COOPER
HEWITT lamps are not only the most suitable and ideal i n d u s t r i a l
l i g h t i n g units, tut also the most efficient. Many examples could
be cited but space does not permit more than .two. Both tests
prove conclusively the v a l i d i t y of the comparative figures g i v e n
above.

EXAMPLE NO. I

In ternat ional Harvester Co. (McCormick W o r k s ) .

Section of Shop - - - - - - - - - - 1290 sq.ft.
16 - 300 watt G lass tee l lamps
1 2 - 4 5 0 watt COOPER HEWITT lamps

COOPER HEWITT INCANDESCENT
5400 wat ts 4800 wat ts
4.2 wa t t s / sq . f t . 3.8 w a t t s / s q . f t .
47 foot-candles 31 foot -candles
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EXAMPLE NO. 2
Tennessee Eastman Corporation

One of the most extensive tests of a most practical nature
was conducted 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 a a y l i g h t lamps), Abolite (Glassteel Diffusers with clear lamps),
and COOPER HEWITT lamps.

All lamps were i n s t a l l e d side by side on 10' x 10' centers.

Every conceivable phase of each type of l i g h t i n g was care-
f u l l y studied u n t i l after m i d n i g h t .

Results of the tests were approved with the following average
i ntensi t i es:

1. COOPER HEWITT - - - - - - - - - - -450 watts - - 30 ft.c.

2. Holophane (special) - - - - - - - -750 • - - 18 ft.c.

3. A b o l i t e (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
f i xtures.

Orders for more than 1000 lamps resulted from these tests.
Other manufacturers w i l l save time and expense if they accept
the findings of the Tennessee Eastman Corporation.
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DOWNWARD LUMEN COMPARISON

A ver., i n t e r e s t i n g comparison between COOPER HEWITT larr.ps
anc L̂'̂  ana Giassteel lamps may be maae by r e f e r r i n g to down-
ward lumen output curves of the various lamps.

lumi nai re

Cooper
Hewi t t
I60-9WL I

Coop e r
H e w i t t
IIO-9WLI

RLM

Gl assteel
Standard

Giassteel
Day 1 ight

RLM

Gl assteei
Standard

Giassteel
Dayl ight

Lamp
S i z e
Watts

450

385

200

200

200

300

300

300

Curve

SK-6 10-R

S-157

S-120

S-120

None

S-I2I

S-I2I

None

Downward
Lumens

5625

5167

2240

1955

1285

3970

3110

2120

Number of
uni ts requi red
to de 1 i ver as
much i 1 1 umi na-
t ion as one C.H.

I60-9WL 1

2.50

2.87

4.36

1.42

1.81

2.65

IIO-9WLI

2.30

2.65

4.00

1.30

1.66

2.44

Wat tage
reaui red
on the basi s
of number of
un i ts requ i red

I60-9WLI

500

574

872

426

543

795

IIO-9WLI

450

530

800

360

498

732

The COOPER HEKITT lamp by this comparison gives more l i g h t
with fewer outlets and less wattage in every case. There is a
s l i g h t gain in wattage with the 300 watt RLM Dome lamp, but the
glare from t h i s lamp would be objectionable for ordinary mount-
ing heights in production departments. The results computed in
this Table are of a theoretical nature, since they are not in-
di c a t i v e of the d i s t r i b u t i o n of the lamp fixtures.

FOOT-CANDLE INTENSITY COMPARISON

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 l i g h t i n g
as shown by the following Table of foot-candle intensities.
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YA&LE
FOOT-CAUDLE I ITEISITICS

A «0
wiTTS PER SO. FT.

8 » S C O OH
ruBLI SflCD D A T A OF THE
6.E. VAPOR LAMP CO.
BEK.IANIN E L E C T R I C CO.
F R A k K L I * SPfCIP (CATIONS

SPACING
IN

FEET

71 x 73
84 x 84
9 x 9
94 x 94
10 x 10
II x II
1 1 4 x 1 1 4
13 x 13
134x134
uaxua
I5ixl54
163x163

IB A 18
19 x 13
204x204
213x213

HEIGHT
IN

FEET

7.5
8.0
8.5
9.0
9.5

10.0
10.5
11.5
12. Oj
12.5
13.0
13.5
14.5
15.5
16.5
17.0

INCANDESCENT LAMPS

RIM DOME

200 WATTS

WATTS
PER

SQ.FT.

3.3
2.8
2.5
2.2
2
1.6
1.5
1.3

i I.I
.9
.8
.7
.6
.5
.4
—

FT.C.

18.5
15.5
13.5
12.5
II. 0
9.0
8.0
6.5
5.5
5.0
4.25
3.75
3.25
2.75
2.25

300 WATTS

WATTS
PER

SO.FT.

5
4
3.7
3.3
3
2.5
2.3
1.9
1.6
1.4

1.2
I.I
.9
.8
.7
.6

FT.C.

29.5
25.0
21.5
20.0
18.5
16.0
13.5
11.5
9.5
8.5
'.0

6.5
5.5
4.5

3.75
3.25

GLASSTEEL DIFFUSER

300 WATTS

WATTS
PER

SO.FT.

5
4
3.7
3.3
3
2.5
2.3
1.9
1.6
1.4
1.2
1. 1
.9
.8
.7
.6

FT.C.

26
21
19
17
16
13
12
1 1
9
7
6.5
5.5
4.5
4.0
3.5
3.0

500 WATTS

WATTS
PER

SO.FT.

8.0
6.6
6.1
5.5
5.0
4. 1
3.7
3.2
2.7
2.3
2. 1
1.7
1.5
1.4
1.2
1.0

FT.C.

47
38
34
30
28
24
21
19
16
13
12
II
9
8
7
5.5

COOPER HEW ITT

STANI

SPACING
IN

FEET

8 x 8

9 x 9

10 x 10
l l x l l
12 x 12
13 x 13
14 x 14
15 x 15
16 x 16

IB x Ifl
20 x 20
20 x 20
24 x 24

DARD 450 WATT LAMPS

HEIGHT
IN

FEET

7.5

8.6

9.6
10.6
11.6
11.6
12.6

12.6
13.6

14.6
lb.6
16.6
16.6

WATTS
PER

SO.FT
7

5.5

4.5
3.7

3. 1
2.5
2.3
2.0
1.7

1.4
1. 1

1. 1

.7R

FT.C .

62. 1

58.6

44.3

34.?
29.2
20.0
22.8
10. l

If). 6

13 .7

1 1 . 3

1 1 . 4
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COMPARING QUALITY OF LIGHT PHOTOGRAPHICALLY

As far as act-a! ^ a l u e of l i g h t i n g ty comparison is concerned
grap's t e l ' t*e story * i t h perfect accuracy. Tr.e lens of the

camera presets fe picture on the f i l m , just as the tens of the
eye projects t^e p.cture on the retina. Thus, in actual practice
it is just as easy to p i c k out the test l i g h t e d shop as it is in
the photographs here presented. There are no h i g h spots of l i g h t
reflected frcrc t r i g h t metal parts of machines; n e i t h e r are there
shadows to obstruct v i s i o n when COOPER HEWITTS are on the jot.

xoa.rn COOPE* PE«|T*
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K O S « r n i n i t d l a t i o n - 29C »ltt * L " '

coor fu n t v i r r t In • mcMn* Shop

Machine shop l i g h t i n g is not only important, but d i f f i c u l t .
Soft even d i f f u s i o n with plenty of seeing power is required. The
l i g h t must penetrate to the very m i n u t e point of seeing — where
the tool touches the metal. In the above COOPER HEWITT photograph,
mercury vapor l i g h t reaches the working points making every smallest
detail stand out as sharply and clearly as if m a g n i f i e d . Despite
the forest-like appearance of t h i s m a c h i n e - f i l l e d room, no dark
shadows interfere w i t h the quick, accurate v i s i o n of operatives.
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STANDARD PRICE SCHEDULE
MAZDA C LAMPS

• It t S

I

' 1

JullJ *"•'
' !«$»

1 n i t i il

Lu*ant

. 1
40 ' i-19 ' M a s . »32

60 i-19 ! M a d . T;O

75 . *-i9 : ••«.
100 «-23 '. M«a.

HO : PS-25 • «•.

200 'PS-30 ! M«d.

300 iPS-35 i Mojul

500

T 5 0

1000

1500

PS-»0

PS-52

PS-52

PS-52

Mogul

Mogul

Mogul

Mogwl

1035

init i «l

Lumens

Per
"8t t

10.8

12.5

13.8

1520 ! 1J.2

2505

3*00

5520

9800

1»550

20500

33000

16.7

17.0

18. »

19.6

19."

20.5

22.0

Sti.

120

120

60

60

60

2«

21

12

6

6

6

I ST P«1 CE

d«ar

M

—

—

—

10.-0

0 . 5 ?

0.90

l.!5

3.75

«.oo

5 .75

lot 1 3«

SO. 15

0.15

0. 20

C. 20

0.?5

0.60

0.95

1.65

—

—

—

5o.l

»•

_

—

—

S O . * ?

0.60

0.95

1.65

3 - 9 5

».20

5 - 9 5

230 VOLT - 1000 HOUR UPE

100

200

300

500

750

..30

»-23

PS-30

PS-35

PS-0

PS-52

PS-52

«.«.

Med.

Mogu 1

Mogu 1

Mojul

Mogu 1

1100

2720

«320

8000

12600

18 }00

11.0

13.6

!*.»

16.0

16.8

18.3

60

2»

2H

12

6

6

—

$0.85

1.25

2.15

«. 25

t .75

SO. 38

0,90

1-35

2.30

~

—

—

tO. 90

1. ?5

—

—

--

9 1 uc 3 u i c s

L I S T »» 1 'F

1 n» io«

__

--

——

_.

$0..'0

—

0 . 3 5

$0.65 O.io

O.?0 0.9?

1.35 i l.»5

2.30

~

—

~

2.«5

«

—

—

»i«a •
1 r> i t i i ,

__

»90

—

-v = r

If ^

221-

:•"
,,,c
~
--
—

»pr! 1 1, 193?
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DISCOUNT SCHEDULE

Net Vjiue
Rirlusiv c of

TracaporlatioD
Chartres

Discounts
Standard
Pack a ft

(Juantilw*

Broken
Package

Quantitiea

_ Minimum
Net Purchase*

lodr.r Each
Basis to Reach

Neit Higher Basia

TO PURCHASERS UNDER
FORMS E AND CE CONTRACT

Pritnarv . Less
than »150>

SI 50
$300

1600
$1.200
»2,500
15.000

$10.000
$20,000
$30.000
$50.000

$100,000
$150.000
$225,000
$300.000

15%
20%
23%
25%
27%
29%
31%
33%
34%
35%
36%
37%
38%
39%
-J0%

10%
10%
13%
15%
17%
19%

21%
23%
24%
25%
26%
27%
28%
29%
30%

$ 159.38
311.69
616.00

1,232.87
2.570.42
5.144.93

10.298.51
20,303.03
30,461.54
50.781.25

101.587.30
152.419.35
228.688.53
305.000.00

TO PURCHASERS WITHOUT CONTRACT
Any quantity in Standard P

Efficiency of Lamps Increases With Size

Lamp List Lumens
Size* Price Output

25 Watt SO. 20 250
40Watt 0.20 428
60Watt 0.20 738
75Watt 0.20 1,028

lOOWatt 0.25 1,490
ISOWatt 0.65 2,355
200 Wan 0.85 3,360
300 Watt 1.35 5,430
500 Watt 2.15 9,700
750Watt 3.75 14,400

1,000 Watt 4.00 20,400
1,500 Watt 5 .75 32,100

•25-watt to 500-watt rating, insi
1,500- watt rating, clear.

tOn basis of equal length of life.

Lumens
Lunens per Dollar

per of Lamp
\ X a t t COSIT

10.0
10.7
12.3
13.-'
14.9
15.7
16.8
18.1
19-1
19.2
20.4
21.4

de frosted:

1.250
2,140
3.690
3,855
4.470 i
3,620 ;
3.950
4,020 i
4.510
3.840 ;
5,100 ;
5,580
'50- to
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1.
2.
3.

* 4.
w *

6.

7.

**

a.

9.

Type of unit
Watts per unit
Avg. life in hours
Unit doTOward lunens
Avg. of unit through life
Avg. downward lunens
through life

Investment
A. Unit
3. C. H. Tube (Std.Pkg.)
C. tfazda Lamps (-§ 23$ Disc
D. Wiring and Installing

per unit - estimated to
include panels, fuses,
switches, etc.

Non-ooerating overhead oer
A. Ins. Int. Sc Taxes (10$)
3. Depreciation (15$)

Operating Cost per Unit
A. Hours burning per year
B. Renewals-costs per year
C. Cleaning
D. Current 3 1.5£ per KWH

o • n •
450
5000
5625
3c%

4780

515.40
9.60

0

12.00
$37.00

unit
3.70
5 «-\ E~\• o o
9.25

1000
$2.16
2.00
6.75

?. . L . Y .
1 50 "=.!.
1000
1500
905

1440

$ 2.32

.35

7.00
$9.68

.97
1.45
£.42

1000
.36

2.00
2.25

r. . L . ji .
200 3.1.

1000
2330
90/b

2140

£ 2.68

.46

7.00
310.14

1.01
1.51
2.52

1000
.46

2.00
3.00

31=53 teel
3CC Cl.
1000
3310
30£

2380

* 7.60

.69

7.50
$15.73

1.57
2.36
3.93

1000
. 63

3.00
4.5C

£10.67 $4761

10. No. of units to produce
320,000 downward lumens
throughout life

11. Cost of producing 320,000
downward lumens
Based on -7

12. Non-operating overhead on
320,000 downward lumens
Based on #8

13. Operating costs per year
on 320,000 lumens
Based on ̂ 9

14. Investment in percent
of Cooper Hewitts (#11)

15. Operating cost in percent
of Cooper Hewitts (#13)

67 222

$5746

150

$2480.00 $2150.00 $1520.00

$ 620.00 $ 537.00 $ 378.00

$ 715.00 $1023.00

100. 86.7

100. 143

* RLM = 66% of lamp lumens in 0°-90° zone

** 1935 Price List.

820.00

61.30

114.

$8.i:

107

$1630.00

420.00

Glassteel = 60$ of
0° - 90° zone.

68.2

122.

larno lumens
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COMPARATIVE COSTS OF FACTORY LIGHTING

1000 aAZDA 500 WATT 3LASSTEEL - VS - 500 COOPER HEWITT 450 WATT UNITS

LIGHTING 100.000 5v. FT. OF FLOOR AREA

Service 3000 Hours Per Year - Current £ per K'.YH.

Type of Unit

Average foot candles
Spacing
Square feet per lamp
Lamp units required

Glassteel
Mazda

20
10' x 10'

100
1000

FIRST COST
Lamps, reflectors, hangers $7.50
Bulbs or tubes (1000 hrs.) .62
Feeders, cabinets, wiring

and labor $15.00
Extra 75 KW trans. •§
S10.00/KW $750.00

Cost - Lamps, bulbs or
tubes & wiring complete $23,870.00

A-Saving in first cost
CURRENT COST
Watts per sq. ft.
Watts per lamp
Total kilowatts
Cost - 3000 hrs. •§

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 sq. ft.
per 1000 hrs. - Current
& Renewals
First Cost Per Sq. Ft.
•Floor Area

3
300
300

$13,500.00

1000
3000

$1,860.00
$540.00

$15,360.00

Cooper
Hewitt
20

10' x 20' (or 14»xl4'y
200
500

$15.40
(6000 hrs.) 9.60 (1000 hrs.1.60)

$15.00

$20,000.00

si
450
225

$10,125.00

6000
250

$9.60
$2,400.00

$12,525.00

$3,870.00

$3,375.00

$2,835.00

$6,705.00

$ 9.45

$2.34 $2.00
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in.aintvnance
L;ght.-g equipment should be treated with the same degree

of cara as s'c: machinery. -;n order to get t*e scst jseful
«crk cut ;f machinery a ser.csic c l e a n i n g schecuie >s essential
"his is no ess true wit", 2 i - g h t i n g system. Dust ana - i r t are
-ound to accumulate on tubes and reflectors causing *.-err tc
acsort almost as much l i g h t as they transmit. No one would
permit an automobile to run without o i l ; the reason being obvious.
D i r t y s i g h t i n g equipment is actually the same as an automobile
without a s u f f i c i e n t Quantity of o i l , but for psychoicgi cal
•easons it is not as apparent. S i m p l y expressed: 'Soap and water
Is to a l i g h t i n g system what oil is to an engine.'

LOSS OF LIGHT

"""here are many causes for the loss of l i g h t tc a g i v e n worm-
ing area. The principal causes, for a COOPER HEWITT ins t a l l a t i o n ,
nay be given as follows:

1. Dirty reflector and tubes.

2. ' Tube depreciation.

3. Inoperative lamps.

4. Under-vol tage burning of lamps.

5. Darkened w a l l s and c e i l i n g s .

The first and last items listed -above are obviously a case
of cleanliness. Light colored paint, w i t h good reflecting power,
is becoming very popular where good l i g h t i n g is appreciated.
Even the p a i n t i n g of machinery is recognized by many as good
practice, especially where close work is being done. Cf course,
the color of the paint must not be overlooked.
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.<*£« MICE

VALUE OF PAINT IN INDUSTRY

i;s arc s:
:y p a i n t

e*alIs.
;c*
ions tu'3t w i l

assisted ty the crccer paintms of
Various specifications have teer set

ertai n p a i n t c^t i r.a-
;ive test results, tot* as to reflect!" factor

f -a-^act-j rers re:omtnera i r,; •"»*• +

l i t y of t"e p a i n t or, certain surfaces.

B> wjv ill contrast. Dark, jjloomy work places ire ineffi-
cient and depressing. Application of light paint heightens
\ i s i h i l i t ) and improves the morale of workers

The adjoining pictures,
before and a'ter paint-
i ng, reaui re no explana-
tion. Note that in t^e
unpainted p i c t u r e the
lamps are turning w h i l e
in the painted p i c t u r e
they are net.

Relow is an interesti ng
table prepared by
Dr. Henry A. Gardner,
(Director, Pai nt and
Varnish Industry's
Research Laboratories,
Washington, D.C.)

I . I I . H T REFLECTING V A L V E OF COLORED FAINTS

Color Per Cent
White, new
Cream
Ivorv
Buff'
Aluminum
Light green
Yellow
Gray
Light blue
Pink
Dark tan
Dark red
Dark green
Light wood varnish
Natural wood, brown stain

or Light Reflected
82^89
73-78
62-80
61-75

65
49-66
48-75
36-61
34-61
30-46
17-63
13-30
11-25
42-4Q
17-29
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•n'tiilCt

•<•. , - :ai - t-.e accc-c ?.-..•-

•MMIT- :,iiiii.-r 'HI -M:.I—but TIC »a< painted »iih an > > i l -
proor while- 1 r>v .-i-Miii wjs sn sinking that the entire
Jepjrtnu-ni riK.-m.-u •xnnur treatment

'. ~ rcf i tat i e \z sai-nt
-cto:raD" ' : • - s * r s t e s

»- ' c r c c! A w r • i 0-
pai nt . - i -:G jst ry .
'•c I c~ ~e r , s pa > nt
~ere i y cr *sicerec 2

it is :ecc~ing ~ore
ana in c r e r s p u i a r t»
:e i ng 'ecr-jr. i zed as
;art :: f;e fjnaa-
:;entai aesi go of
'actc'-y i ! luT :i nat i o-.

' t t i es i r, M'\ th
i I I u m i n a t i o n tecaose
in any 'i; u.ting
system there is
always a certain
amount o f 'spiI I '
I i ght that reaches

t h e w a l l s a n a c e i l i n g s ; t h i s l i g h t w i l l t e e n t i r e l y wasted
unless the surface is capable of reflecting it down on the
working areas. P a i n t i n g of machinery m a t e r i a l l y aids in
intercepting l i g h t and reflecting it to working points.
Good p a i n t i n g also reflects cleanliness and good Housekeeping.

EFFECT OF DUST AND DIRT

A good l i g h t i n g system is i n s t a l l e d for many reasons.
From the investment standpoint alone, production is expected
to increase. The effect of dust and d i r t may m a t e r i a l l y
reduce this rate of increased production. The accumulation
of d i r t on tubes and reflectors varies according to location
of lamps.

The loss of l i g h t due to dust and d i r t accumulation also
depends to a large extent upon the l i g h t i n g unit. Sometime ago
the I.E.S. Transactions published results of incandescent
umi nai res.
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"""e resuits c' f-e tests, g i v e n teiow, showed ir ;snera ,
tnat *.--e rate of cepreci at ion was lowest with direct
shaces, sc?.e*"at 'i;her wit 1* c.^ec*. enclosing glotes,
h i g h e s t *.*.-< «er, i - i ".a i rect anc t o t a l l y i n d i r e c t units.

'»• - '.- "."1:.?P.ECHTION OF L: .ilT'N j Ew^lPMENT AS AFFECTED
BT EQUIPMENT DESIGN*

Dry F-..-
In Pe-

1 \ Eivns* or ai gLs*—^-lear lamp 112

J i ^ Prismatic ^l^s—.-iear lamp 12.4

i-d sTrtl bi-wl—clear/ilV D?°p£_LB lamP 11..'

I'.l.M P-'tn^—-U-ur lamp 12>

n M Dnmi> — bonl-enamelcd
lamp 16.3

Diffusing globe .ind enameled
stool reflector 22.9

Diffusing glob*—no vent 13.4

Diffusing globe—bottom vent 22.7

13

1.5

16

tr V |- r.»

Ir. Prr

Frosted ball—top and bourn-,
open 15.0

Srmi-rpi-losing opal bowl with
diffusing plate 27 2

Dense opal bowl 22.5

Enameled metal reflector with
opal glass bottom 26 0

Mirrored glass bowl 282

Clear top with bottom opening 35 fi

Clear top without bottom opening 15.0

Prismatic, without bottom
opening 10.1

Transactions of Illuminating Engineering Society, Anderson and Ketch, Vol. XIX, No. 1. 1924.

In locations where grease frequently lodges .on the reflectors
more l i g h t is lost than where mere dust is prominent. Some idea

of the effect of d i r t on l i g h t i n g
equipment is given by the accompany-
ing curve. In extreme cases the
amount of l i g h t consumed by dirt

<. ,• //s//\ approximates 50 percent in 30 days.

•'A

lift-

selecting a particular l i g h t i n g
system, some thought should be given
to the surrounding conditions with
respect to the depreciation of l i g h t
from a l u m i nai re.
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Units that are simple to clean must also be considered,
in order that maintenance costs may te reduced to a m i n i m u m .
The three most w i d e l y used lamps are represented below. The
numbers indicate the surfaces upon w h i c h dust and d i r t w i l l
accumulate.

DIM DOME GLASSTEEL COOPtH HCtlTT

The RLM Dome w i l l suffer a loss of l i g h t due to a d i r t y
b u l b ( I) and a dirty reflector (2). The dirt around the b u l b
actually absorbs some of the light passing through it, w h i l e
the dirt on the reflector absorbs l i g h t coming to it and also
being reflected from it. In any event, there are two surfaces
which absorb l i g h t in this lamp and the same conditions p r e v a i l
in the case of the COOPER HEW ITT lamp.

The Glassteel lamp is used to diffuse l i g h t ana thus reduce
glare. However, the addition of this globe naturally absorbs
l i g h t and to obtain the same candlepower reading as the RLM
lamp the wattage rating of the electric l i g h t b u l b must be
increased. Another handicap is the two additional surfaces
(3) and (4) upon which dust and d i r t w i l l accumulate. The
l i g h t must pass through these two dirty surfaces losing power
in addition to that from the surfaces (I) and (2).

Suggested Cleaning Schedule* For Direct Lighting Systems

Characteristic of
Location

Very Dirty... . . . . . . . . . . . . .
Dirty . . . . . . . . . . . . . . . . . .
Clean . . . . . . . . . . . . . . . . . . . .

1 Interval in Days
if Units are
Wiped out*

. . . . ! 3i::::! is

. . . . ; 30

: Interval in Days
1 ii Units are

Thoroughly Washed

1 10
! 20
I JA

!
•Washing every third or fourth interval assumed.
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PHOTOMETRIC ANALYSIS OF DIRT ACCUMULATION

The approximate variation of photometric rating of a dirty
lamp is i l l u s t r a t e d by the curves below.

It is d i f f i c u l t to attempt to set down a method of cleaning
or a schedule of cleaning l i g h t i n g equipment. In places where
dry dust settles 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 g i v i n g value of a lamp back to its original efficiency as
denoted by the dotted curve 6. Each successive wiping w i l l
diminish the extent of this curve B, so it is naturally advisable
to wash a lamp at definite intervals. A simple and effective
schedule would be to interchange dry w i p i n g and washing as
requi red.

The lamp with a photometric rating as represented by curve A,
pays dividends to the manufacturer. Even curve B is acceptable, as
a profit sharing item, but curve C is unreasonably low in candle-
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 be rated as only h a l f a lamp, or two dirty
lamps g i v e only as much l i g h t as one clean lamp. Furthermore,
one lamp costs only one-half as much to maintain as two dirty
I amps.

2.
3.
4.
5.

One clean lamp- - - - EQUALS - - - - Two dirty lamps
L i g h t output (5625 lumens)
Current - 450 watts
Power cost per month - 250
Maintenance per month-
Total operating cost -

Light output (5625 lumens)
Current - 900 watts
Power cost per month -
Maintenance per month-
Total operating cost - $1.00

Cost of cleaning - 5 cents per lamp
or

Only 5% of total operating cost
at

An increase in i l l u m i n a t i o n of 50%

ONE DIRTY LAMP- - - - EQUALS HALF A LAMP

The loss of l i g h t by deposits of dust and d i r t on reflectors
is costly in another respect. Unfortunately as the l i g h t intensity
decreases the power consumption remains at a constant value. If
it takes two dirty lamps to produce the same amount of l i g h t as one
clean lamp, then the power consumed w i l l be twice as much for equal
intensities of i l l u m i n a t i o n . R e l i a b l e collective data has shown
that the cost of cleaning a COOPER HEWITT lamp is in the neighbor-
hood of five cents, while the cost of renewals and maintenance is
about twenty-five cents per lamp per month. The power consumed by
an alternating current lamp on an average w i l l amount to about
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Thus, the cost of cleaning is only 5 percent of the total operat-
ing cost of a l i g h t i n g installation and the increase in i l l u m i n a -
tion is 25 to 50 percent or more.

TYPICAL EXAMPLES OF 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 regularly adopted main-
tenance schedules. A few typical examples of the loss of l i g h t
due to dirt accumulation has been taken in prominent industrial
concerns and w i l l be reproduced here to prove that dirty lamps
absorb 50% or more of the l i g h t output.

1. Spalding Knitting M i l l s .

Dirty lamp — 31 ft.c. on top of yarn carrier
— 20 ft.c. at c y l i nder

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

60% increase in l i g h t i n g on top of carrier
50% increase at cylinder

2. 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 Island).

Area of 100 lamps
Dirty lamps averaged - - - - II ft.c.
Clean lamps averaged - - - - 16 ft.c.
45% increase in lighting
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4. International Harvester Co. (McCormick *orks).

Dirty tamp - - - - - - 15 ft.c.
Clean lamp - - - - - - 40 ft.c.
150% i ncrease in I i ghti ng

5. The Trio Laundry (Atlanta, Ga.)

Test on one lamp with meter at two heights above
the floor.
Height
2.5 ft.
5.5 ft.

Dirty lamp
5.7 ft.c.
10.2 ft.c.

Clean lamp
20 ft.c.
42 ft.c.

Light increase
250?
310*

6. Cincinnati Office tests:

Test No. I
Dirty tube and dirty reflector - - - - - 21 ft.c.
Clean tube and. • • - - - - - 22s ft.c.
Clean tube and clean reflector - - - - - 263 ft.c.

Test No. 2
Distance
from tube

4 ft.
6.5 ft.

Di rty
Reflector
72 ft.c.
32 ft.c.

Clean
Reflector
105 ft.c.
42 ft.c.

L i g h t
1 ncrease
50%
31%

In this test a new clean tube was used; consequently
the reflector alone is responsible for the l i g h t loss.

Not only does a dirty lamp reduce the l i g h t output but there
is a 'shrinking of the i n i t i a l form of the distribution curve.
A l i g h t i n g system that o r i g i n a l l y gave h i g h uniform average
intensity of i l l u m i n a t i o n , w i l l eventually become unsatisfactory
because of uneven distribution and low intensity of l i g h t , if it
is. not properly cleaned at frequent intervals. This means that
l i g h t i n g is only accomplishing part of its job. It may also
mean that only one-half of the workmen are r e c e i v i n g fair l i g h t ,
w h i l e the remaining half are working with very poor l i g h t .
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•illTt«-«CE

During the past 5 or 6 years there has been a decidea
improvement in the methods of w i r i n g and i n s t a l l i n g COOPER
HEWITT lan.ps with a result of marked improvement in the
operation and maintenance cost. Present day problems of
Ii g h ting are not ——

The h i g h cost of lamp maintenance
but

The h i g h cost of neglect

There are a multitude of instances where attention en 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 (Way 1927) Luckiesh has this to
say about da y l i g h t in regard to depreciation:

'Dirt accumulation on windows is very great and
in six months time may reduce the daylight value
50 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 HEWITT 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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d a y l i g h t is of h i g h i n i t i a l cost, expensive to change, gives
rise to loss of heat in cold weather and is freauently costly
to m a i n t a i n . Except in very rare cases a r t i f i c i a l i l l u m i n a t i o n
is the most preferable.

TUBE DEPRECIATION

An unavoidable circumstance which contributes to the loss of
l i g h t from i l l u m i n a n t s is 'tube depreciation*. Such a deprecia-
tion w i l l cause a 'shrinking* effect of the distribution curve.
With COOPER HEHITT lamps this effect is slow, since at the end of
6000 hours of operation the alternating current lamp gives 78
percent of its i n i t i a l l i g h t output, and 86 percent for the direct
current lamp at the end of 6000 hours of operation. A tube w i t h
25 percent depreciation should be considered as past its prime of
usefulness and replaced by a new tube. On the basis of burning
a lamp on the average of four hours a day, the l i f e or usefulness
of a tube is over four years. This, of course, is excellent
service when compared with the average 1000 hour l i f e of an
incandescent lamp.

WIRING REQUIREMENTS

The central station is responsible only for d e l i v e r i n g
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 be very great above
or below the rated voltage. Over-voltage burning reduces the
l i f e of a lamp. W h i l e over-voltage increases the l i g h t 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 l i f e , but with a distinct disadvantage of
smaller l i g h t output. Unfortunately the last factor of l i g h t
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 l i g h t over three percent. In spite of the fact that
lamp l i f e is increased and wattage consumption decreased, it has
also been shown that on the same light basis there is a substantial
increase in the u n i t cost of light.

200',.
Circuit voltage same
as rated voltage

Circuit voltage
LOWER than
rated voltage

Circuit voltage HIGHER lj
than rated voltage hi

P!

THE EFFECT OF VOLTAGE
VARIATION ON LIFE,
LIGHT OUTPUT AND WATTS
OF INCANDESCENT LAMPS

LIFE LIGHT
Five volts UNDER on 11 5 volt

Umpt. T«n volts UNDER on 230
volt Umpt.

Olktt .oh.«« l.o. 110 10 1S5 Md lro> ItO to
950 ihow txKHcilIt th« i.«e f.t« ol >ilc to l.»hc
•nd tight to W.W with « tlighl difference in the
O<rc«nl«g<1.

Tfie lo« in '19*11 more I*>an outbalance!
the 'ncreaje >n hit and dKmit in wattage

Five volts OVER on 115 volt
Umps. Ttn volt* OVER on 230
volt Umps.

Ott»' voli.j*) l<o* 110 10 lit ml ffoo no
to 250 ihow 0<K!>C«li» |K< MMC '.IC1 Of l-l< to

light .nd '-fht to w.ttt with t il>|ht diM«rci« to
the D<rtcM.fci

Light output ii grttler bat lilt n jnduif
shortened.

COOPER HEWITT lamps 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 supply line
variations.
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W i r i n g of any i n s t a l l a t i o n is important, since good w i r i n g
aids good l i g h t i n g . With COOPER HEWITT lamps the w i r e size is
given. The supply voltage should be carefully checked and
recorded. After all w i r i n g to outlets is completed a recording
voltmeter should be installed at various outlets for not less
than 24 hours. This w i l l give accurate voltage conditions as
they exist and proper connections can then be made. Voltage
fluctuations are bound to occur during different times of the
day due to no load or l i g h t load on the system. During darker
hours of the day and at night time, when a r t i f i c i a l l i g h t i n g
should be at its best, it may be at its worst because of heavy
l i g h t i n g loads. W i t h COOPER HEWITT lamps this may be almost
entirely eliminated by checking the voltage at the lamps.
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ISl HEWITT WXR1NQ RECOMMENDATIONS

A. C. Lamp
110 volts

Size of
wire

NO. 12

Capacity
of fuse

(amps)

15

A. C. Larap
220 volts

Size of
wire

Mo. 14

Capacity
of fuse

(anps)

10

D. C. Lamp
110 and 220 v.

Size of
wire

No. 12

Capacity
of fuse

<anps)

10
Length of run not to exceed 100 feet

I

Wiring diagran of Cooper Hex It t lamp circuit
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CCCPES HEfliTT INDUSTRIAL MAINTENANCE

TYPICAL "CP A »EAF - 1933

---- , , /•<•*

15

Autcfnct i 1 e
Brass
Cotton
Die 4 Tcol
Enanel
olass
Hosi ery
Laundry
Leather
wac^ i ne
Metal
Paper
Pr i nt ing
Rad io
Putter
Shoes
S i l k
Si i ver
Steel
"in
j nae rwear
«Vi re
Woodwork i ng
AOO I

Zi nc
y i seel 1 aneous

~ ^
7

69
44

7
4 i

130
20
4

246
Q

24
87

1
27
7

113
1

55
23
17
15
17
32
5

407

7 1 , 5 2 7
i45

7.555
3, 103

314
1.551

11,912
496

4 1
29,523

225
1,234

3 - i* ̂
,3OO

~2
2, 124

343
13,360

96
2,577
3,034
1, 172

373
1,651

704
315

17,969

149. 6 :2
Cif -

27,30
1.552

5 i
9.464

23, 154
341

94
39,69?

73
2,229
8.534

——
3,750

759
17,465

•^ 1

5,093
9.203
2,392

407
1, 199
1,513
1 ,011

23.859

I. ~-
L. ;5
•: ~ ~
^ ^ -

j , : '
= 7-

1.9-1
3. ~.~
£.• 29
1.35

0.22
i . = C

— • *ry"

l.75
2 . 2 1
I f- O

• - _

.59
2.36
2.70
2.34
I .C7

0.54
2.29
3.23
1.33

TCTAL l,509 175,641 335,719 S 1.91

In addition, the fol lowing f igures are typical of the general
performance of COOPER HEWlTT Lamps throughout the count ry .

No. Installations Cost Per Lamp Cost Per Lamp
Reported On Per Year . Per wonth

1929 - 1214 55.93 50.50
1929 - 1477 4 .11 0.35
1920 - 1580 2.50 0 . 2 1
1931 - 1565 2.06 0. 17
1932 - U97 1.65 3. 14
1933 - 1509 1.91 3. 16

6 YEAR AVERAGE $3.03 SO.25
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C?Z?̂ .riN3 COST DATA
:CC?E?. 3E7/ITT-A. C. LAM?

4 = 0 •--ITS -115 or 230 VOLTS

Complete operating cost per lamp per hour including:
1. Interest on investment"2t £*
2. Depreciation at 10$
3. Current; at indicated rates
4. Tube maintenance (Standard package discount - 20/S)

Burning V.'ith average current rate per

Per Yr. 1# lf£
1000 $0.0101 $0.0123

1500 $0.0090 $0.0109

2000 $0.0081 $0.0104

2500 $0.0077 $0.0099

3000 $0.0072 $0.0097

3500 $0.0072 $0.0095

4000 $0.0071 $0.0094

Sample calculation
Burning hours per year —————— ——
Current —————— — —— - ——— —— - —

Current consumption per lamp —— — -
First cost of lamp ——————————
Renewal tube ————————————
Depreciation ————————————————

Interest and depreciation .16 x 25
Current 2000 x .450 x .015
Tube maintenance 2000/6000 x 9.60

Total cost per 2000 hours burning-
Tn^aT rinoT>a •H r\a r»nc+- nOT» T amn neT>

2t
cO.0146

$0.0133

$0.0126

$0.0122

$0.0119

$0.0117

$0.0116

.00 =

KW . Hr .

2i#
$0.0168

$0.0155

$0.0149

$0.0144

$0.0141

$0.0140

$0.0138

3*
$0.0191

$0.0177

$0.0171

$0.0171

$0.0164

$0.0163

$0.0161

--2000 hours
— li/ per KW Hr.
—6000 hours
*̂  nn
f q lo
ini
R*

$ 4.00
$13.50
1 3.20

--fcPfi 7Ov<cu • ( \j

GEVLCO (060135)
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EFFICIENCY OF A LIGHTING SYSTEM

It is evident that i n d u s t r i a l i l l u m i n a t i o n is a specialized
art. viuch experience and thought is necessary in the pla n n i n g
and engineering of a factory l i g h t i n g system. The l i g h t i n g
expert must understand the machinery that is to be lighted.
Certain types of work require l i g h t to be directed from a d e f i n i t e
angle. Each lamp must be considered as a definite piece of eauip-
ment and placed at a certa'n height and distance from a machine or
work bench.

The efficiency of a good l i g h t i n g system also depends upon
the manner in which outlets are spaced for existing lamps as w e l l
as future lamps that might be needed. W i r i n g must always be of
such size as to d e l i v e r maximum voltage to the lamps. W i t h
COOPER HEWITT lamps the choice of wire size is not complicated
by means of calculation.

Once the l i g h t i n g system is approved and installed a schedule
of maintenance should immediately be authorized. Regular inspect-
ion of l i g h t i n g equipment with a foot-candle meter w i l l indicate
whether or not the i l l u m i n a t i o n efficiency is being maintained.
Ammeter and voltmeter tests at certain intervals w i l l relate the
efficiency of lamp operation. Periodic cleaning of lamps and
reflectors is essential. The time between cleanings and the k i n d
(washed or wiped) of cleaning depend on the conditions in various
departments.
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) -*Z ctla
The construct ion of COOPER HEWITT lamps from ts-.eir inception

has variec somewhat in outward appearance, tut the thecr^ cf
operation has been practically unaltered. The first r e a l l y
practical lamp for industrial use was one using a Quartz tube,
surrounded by a large glass reflecting unit. Many of these u n i t s
were installed but because of the quartz tute they were rather
expensive ard soon replaced ty lamps using ordinary 'lead glass'.
These lamps were of the linear type and operated with their glass
tubes exposed, rather than surrounded by a glass bulb as in the
case of the quartz lamps.

EARLY TYPE LAMPS

The very early form of regular COOPER HEWITT lamps that became
popular in industry contained tho a u x i l i a r y equipment in a barrel-
shaped housing to which the reflector was attached. Two methods
of starting or l i g h t i n g the lampswere used:

1. Non-automatic t i l t i n g

2. Automatic ti It ing

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 broken the
lamp or tube lighted. In the non-
automatic lamps t i l t i n g was done
manually w h i l e the automatic lamp
tilted by means of a magnet. These
units were referred to as Type H
lamps - the automatic type is shown
by thfi accompanying diagrammatic
sketch. O r i g i n a l l y two lamps operat-
ed in series (110 volt supply) and
later two tubes were counted under a
single reflector. Th e l i g h t g i v i n g
length of each tube was 203 inches.

Next followed the Type K lamp using one tube 45 nches long.

T r » E I AMP
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ELECTRICALLY STARTING LAMPS

Alf-ou;1- I is1", t i n g was accomplished i> T.eans of t^e ma^iet
c o i l , it *as ret r e a l l y practical nor satisfactory due to the
fact that a mechanical operation was necessary. After much
experimentation an electrical method of starting was accomplished;
the old moving or t i l t i n g lamp was doomed. The earlier e l e c t r i c a l l y
starting lamps were known as Type P (Direct Current) ana Type F
(Alternating Current),
are shown telow.

Two of the earlier alternating current models

Tr fE r LAMP - CA A U X I L I A R Y

HANGffJ-
suffty 8M0M6 Porrs

{ POS/T/Vf IfAAT

TYPE F I AMP - CC AumiAXT

Shifter Complete, »nd wi th Hand Krmnted lo Sln>w Mt-nnry Bridge. 707138
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The tube in the EA lamp was 53 inches long. A c^o*e c o i l
was used to regulate the lamp tube current. Starting was
automatic, using a shifter. The power factor was 5'd percert.
Along w i t h t h i s u n i t was developed the Type E lamp w i t h a 35
inch tube and 56% power factor.

Objection was raised to EA lamps because of low power factor.
The EC lamp with 50 inch tube was developed and operated at EJ>
power factor.

These lamps grew up with the electrical industry. As new
discoveries were developed in regard to copper wire, i n s u l a t i o n ,
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 and continued
service.

All improvements possible were added to the Type F (EAC aux-
i l i a r y ) lamp which eventually developed into lamps known as I60-6WLI
and I50-7WLI 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 tube; any increase
in temperature rapidly increases the resist-
ance of the resistor. If an increase in l i n e
voltage produces an increase in current and
hence an elevation of the temperature of the
resistor, the resistance of the resistor is
thereby increased to such an extent that it
absorbs nearly all the l i n e voltage increase
with only a slight increase in current. As
a result, the operating characteristics of
the lamp tube are but s l i g h t l y affected.

It is obvious that any g i v e n percentage
change in l i n e voltage has relatively less
effect on the current in a lamp equipped

w i t 1 - COOPER HEWITT regulating resistance units than in one
eouippeo w i t 1 - ordinary resistance.
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COOPER HEW ITT LAMP - NO. I60-9WLI

Compile I nit

OiTi

N

\ux i l i a ry I j i m p l H f l y Vi crr i l .

Anode 'Positive) Connections. Cathode (Nega t ive! Connections.
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THE NEW AND IMPROVED LAMP

A new trend in design has come about - automobiles, machinery,
b u i l d i n g s and the l i k e , lean toward s i m p l i c i t y and smooth, even
lines, more often referred to as 'stream line 1. COOPER HEWITT
lamps continue to keep pace with the times by introducing the so-
called new and improved lamp - I60-9WLI.

The a u x i l i a r y , 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:

1. Strai ght-li ne tube

2. Concealed wi ri ng

3. Greater reflection surface

4. Reentrant seals

5. Insulated screw base terminals

6. Binding posts for transformer connections

7. Metal shield ballast coils

8. Recti fier 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
wit h i n the a u x i l i a r y frame of the lamp and may be used when
desired as a grounding point for the l i g h t i n g unit.
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SALIENT DESIGN FEATURES Of THE I60-9WLI LAMP

Pictures shou
ease of attach-
ing npw insu-
lated screw
base termi-

nals.
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LAMP OiTi

DESCRIPTION OF THE COOPER HEW ITT LAMP

T
HE Cooper Hewitt industrial unit is
made up of three essential parts; the tube,
reflector and auxiliary.

The AUXILIARY contains the coils and mer-
cury switch which serve to scan the lamp and
stabilize it during operation. It also has the
suspension hooks and attachment plug attached
to it and serves as a support for the reflector and
tube.

REfUECTOB
The REFLECTOR is of metal, coated on :he

underside with white enamel. It extends the-
full length of the tube and down the sides to 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 fifty-inch glass rube, exhausted to a prac-
tically perfect vacuum and containing a 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 acuity.

The unit is easy to wire as it is only necessary
to attach the line leads to the attachment plug
»t the front of the auxiliary.
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STARTING, OPERATION AND W I R I N G DIAGRAM

\utomatic Lighting:
.5o—The automatic startintr • >!' the < '<mper H e u i t t l a m p is of
interest to many. An examina t ion of r i g . 15 wi l l shm\ t h a t the
^hi t te r is connected to :he tranM'Tmer through a copper oxide
rer'.ifier. When the l ine switch is '.-I'^ed. about one ampere at
four volt? direct current flu*? through the sh i f t e r c i r c u i t ami
energize* the inductance coils. The sh i f te r is rotated thereby, the
. ur rent through it is interrupted and a momentary high induced
F..M.F. is produced on the mercury wi th in the lamp. By the aid
..f 'he condenser action of the starting band a "cathode sput ' is
formed on the mercury pool, the mercury vapor in the tube is
ionized and the current flows through the tube. The shi f ter i*
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 s tar t ing
of the lamp. This is due to the reduced vapor pressure.

The Lamp as a Rectifier:
50—The mercury pool of the lamp is
connected through inductance to the
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.

L » « P C iT .

Fig. 15—Wiring Diagram. 707145



GENERAL CHARACTERISTICS AND SPECIFICATIONS

SPECIFICATION'S— COOPER HEWITT INDUSTRIAL

Code N'o —Scan Jar- LV.ir"

v'oirjj; rar. s:

Total Av;ra« \Va:ts pe r Lamp . . . . . . . . .
Average Lir.: Arr.rcres . . . . . . . . . . . . . . . . . .
Power Factor . . ' . . . . . . . . . . . . . . . . . . . . .
Candle Power— Mean Hemispherical wi th curved rerlector
Rated Total Lumens — Lower Hemisphere.
Lumens Per Watt — Lower Hemisphere .
Light source — diameter 1 inch . . . . . . . . . . .
Frequcncv , . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Special u n i t s available f o r . . . . . . . . . . . .

LIGHTING UNITS
Aberrating Current

16C-H9WL1

95-100-1""'"
103-110-121
112-120-130

450
4 6 5
387c
900
5600
12.5

50 tn. long
60-50 cvcle
25-40 cvcle

1 260-H9WL1
:ior:s torHC200222

206-220-2-»2
224-240--C

450
2.3

86^
900
5600
12.5

50 in. long
'. 60-50 cvcle
'• 25-40 cvcle

Direc: Current
110-H9WL1

Automatic
R;cu.at:on

100-110-125

3S5
) 5

300
5200
13 4

50 in long

WEIGHTS

Each uni t complete . . . . . . . . . . . . . . . . . . . .
Packed for domestic shipment — one .
Packed for domestic shipment — five . . . . . .
Packed for domestic shipment — ten . . . . . .

49 Ibs. net
35 Ibs.

330 Ibs.
620 Ibs.

! 49 Ibs net
! 85 Ibs.

330 Ibs
i 620 Ihs

}fr Ibs net
"2 Ibs.

265 Ibs
-KS !bs

Prices on application to nearest office.

I: Jeep rc'lector for rotation is Jesired, specify 'with AC-H1OR1F1 rerlector "

—OSO
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TABLES OF FOOT-CANDLE INTENSITIES
i i

P 0»T*

T.-.3LE I . I N T E N S I T I E S P R O D U C E D BY ON? 4V. U'>.TT ( . « . P I - : R
VARIOUS HEIGHTS AND D I S T A N C E D

HORIZONTAL D I S T A N C E
-•:l-

4

5
6
~*

*
9

10
12
14
16
18
20
25

: -
* 7 .

?» *
•»: 5

30 -
23 3
185
!4 9
103
'6
5 S
4.6

: 3.7

: 2.4

;
O 4

53.4
3« 5
:s 5
22.1
17.6
144
10.1
7 4
5 7
4.6
3:7

2 4

;
55 5
43 3
32."
-^ >
20.1
IS. 4
134
9 7
7 2
5 5
4 4
3.7
2.3

)
}9 2
32.:
26 1
21 2
174
145
12.2
88
63
5.3
4.3
3 5
2.2 '

4
25.0
25.2
20.0
173
146
126
10.9

8.1 :'

6.3 i
5.1 i
4.1 !
3.4 |
2.1 i

5
15.3
15.9
14.S
13 5
12.0
10.5
9 5
7.3
5.9
4.7 ,
3 9
3.2 ;
2.1 ,

6
105
11.2
11 .0
10.5
9.7
S.9
8.0
6 5
5 4
4 3
3.6
3.0
2.1

~

7 1
8.1
S.S
9.1
7.9
7.4
6.S
58
4.9
4.0
3.4
2.8
J 9

5

5 :
5 9
f, 2
6 3
5 9
6. '
5 7
50
4.2
37
3.1
2.7 '
1.9

t

3 5
4.2
4 7
5 3
5 .1
5 :
4 S
4.4
3.8
3.4
2.9
2.6
19

, V.

2 5
3 2
3.6
4.0
4.1
4 D
3 9
3 3 ;
3.4
30
2.8
2.2 '
1.8

IN

il
1 9
2.3
:.9
V I
3.2
3.:
3 4
3 2
3-0
2.S
2.6
2.2
1.7

FEET
.2
5
5

2
4

.7
8
9

.S
2.6
2 5
2 3
2.0
1.6

13
1.4
1.7
2 .3
2.2
2.3
2.4
2.4
2.3
2.1
2.1
1.9
1.6
1.2

14

1 1

14
1 6
1 *
1.9
2 0
2.0
2.0
2.0
1.9
l.S
14
1.1

ii
9

1.1
: 3
; 5
1 5
l.S
1.4
1.8
1 7
16
1 5
1.3
1.0

it
i
9

1 1
1.2
1.4

1-5
1.6
1.6
1 6
1 5
1 5
1.3
1.0

: '
-65
75
45
\ *

i 1

i .*.

1.3
1.4
1.5
14
1.3
1.3
.9

15

55
65
-5
90

1.0
1.1
1.2
13
1 3
1.2
1.2
1.1 ,

.9

1»
45
55
65
"5
>0
90

l .U
1.1
1 1
1.1
1.1
1 1!
T5

.:
37
*f
55
65
"5
.'5
35
90

1.0
1.0
1 0
90
65

-3
;s

. S
c

5
3
45
55
55
55
65
65

.65
55

TABLE II: INTENSITIES PRODUCED BY SIXTEEN 450 W
COOPER HEWITT LAMPS S Y M M E T R I C A L L Y SPACED

HORIZONTAL

Height
4
5
6
7
8
9

10

8 9
15
162
65
65
64
62

DISTANCE BETWEEN LAMPS

10 I 11 ! 12 • 13 14 : 15 16 | 18 i 20 24
040.4124 5|23
.1|J5.4|39.6|27
.2;58.6i42.5|30
2158. 4|44. 3133
2;57.4:45.034
l:55.2|43.734

59.7153 0(42 3134
11 157
12
13
14
15
16

54
51
48
44
40

18 |36
20 |32.

OI50.6|40.8!33
1|46.0|39.2|32
2|45 6137.7131
0|42 8136.230
5138.6134 7|29
6|34.6|33.1|28.
6il3.1|30.0|25.
6j29.7|26.7|23.

-Oil?
6121
7' 24
0;26
228
8,29
3:29
3'29
3129
3128
2:27
i;26
OJ25
5l23
OJ21

.9:15

.6'19

.5:22

.5'25
227

.2 28
627
527
026
3U5
4;23

7123
7; 22
5120
1:18

. 7 l l
715
6'l7
0 19
220
022
6:22
0:23
222
5'22
8:21
720
9J19.
9:17
4 15

s; 9
4'12
8'14
315
9'17
0 18
8119
0 19
5;19
0119
3 19
7!18
3:18
7'16.
2 15.

7- 7
2! 9
3'10
9 12
3 13
315
1:16
4'16
5il6
4 16
2;i6
7' 16
2:15

9114
3.13

0' 5
2! 7
9! 7
51 9
9 11
I j l l
0|12
6|13
7113
6:14
4 14
1:14
7<13
9113
9111

•7| 3
4| 5
8| 6
91 7
0' 9
9: 9
7|10
3:10
71"
Ojll
2!"
l|ll
sin
o|io
2110

9 1.4
42 3
6 3 2
7 4 0
1 47
6 5 3
15 8
8 6 2
2J6 3
3 6 5
4 6 6
4 6 7
26 7
7 6 7
3 6 6

Approximate Watts per Square Fooc of Horizontal Surface
7 o| s.sl4.51 3. 7! 3 1! 2 Si 2 3i 2 0| 1 7| 1 4! 1 Ij 78

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

o

0

0

o

0

o

o

o

o

o
X

o

0

o

0

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

l*. o c c a s i o n a l l y is necessary to c^eck lamps to determine
whether t'ey are operating normally. rhe most accurate method
is to ta*e an ammeter reading in the negative c i r c u i t of the
tube. Voltage readings across the tute are not o n l y d i f f i c u l t
to take accurately, but are not absolute in their indications.

Tube current is more sensitive to lamp operating conditions
such as l i n e voltage, temperature regulation, etc., and is, there-
fore, our best indicator. The tables on the following page g i v e
normal values for our standard sizes of tubes. Lamp operation which
does not conform w i t h these values w i t h i n plus or m i n u s 52 cannot te
considered as normal.

The w i r i n g diagrams are not complete necessarily, but only
how re ad ings should be taken.

show

+ 0
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D»T»

TUBE

50 'x l '

50 'x i •

22 'x l 1

35 'x2 '

35'x2'

14 'x l 1

10 'x l 1

SERVICE

AC

DC

AC

AC

DC

AC

AC

SEE

F ig . 1

F i g . 2

Fig. 1

Fig. 1

F ig . 2

F ig . 3

Fig. 3

'NORMAL
DC AMPS

3.05

3.50

3.65

2.50

2.50

"NORMAL VOLTS
AS INDICATED

' 130V M to T

"70-7 5V N to P

'76V M to T

' 125V VI to T

"68-73V N to P

#3.40 (3, 10 .lth inc. In »*•» uni t )

fr<-, O"*3 • 4( Depending en inc. «(tt»g«)

* Use DC ammeter and take readings after
30 minutes operation on proper tap for
Ii ne voltage.

** iUse AC vol tmeter.

1 Take readings w i t h shifter open, lamp
out and current on.

1 1 Take readings w i t h lamp r u n n i n g statle.
If operating unstable voltmeter may te
rui ned.

ff 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 HEW ITT LAMPS

Wher atterr.pti P:; to take e lec t r i ca l measurements of COOPER
HEWITTla~ps ^any precautions must fce exercised. In 1925 several
al ternat ing current lamps were c a r e f u l l y tested; the resul ts of
w h i c h w i l l b e b r i e f l y g i ven .

TABLE SHOWING RESULTS OF WATTAGE TESTS

HIGH

LOW

AVERAGE

I n i t i a l

1X0
940

961

1 Min

680

60C

628

5 Mi n

530

470

493

10 Min

500

460

463

25 Min

470

435

451

45 Min

455

445

445

These values were obtained from several EAC-I60B a u x i l i a r i e s
run on the normal 110 volt loop of the transformer. The voltage
was maintained at a value varying not more than 3 volts either way.
Curves plotted from average readings showed that at the instant a
lamp is turned on the wattage is 960 watts and the l i n e current
starts at II amperes with a tube current of 8.6 amperes.

Measurements of the starting current taken on an oscillograph
show the true instantaneous current on starting to be 12 to 13
amperes, which would bring the wattage up to about 1225. The
i n i t i a l surge, however, is instantaneous as it drops w i t h i n the
first 30 seconds to 650 watts, 6.5 amperes l i n e current and 5.5
amperes tube 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 s l i g h t l y
below and above 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
an.peres l i n e current and 3.8 amperes tube current.

707150



From the foregoing it is obvious that the true ratir.g of t"e
I a^ps cannot be attained at the time a lamp is turned on nor even
witSn the f i r s t 10 minutes. The true operating performance of
a larrp seems to require a length of time approaching ^5 minutes.
These facts are not at all a l a r m i n g since most e l e c t r i c a l equip-
ment, especially motors, r e q u i r e a certain duration of time before
stable conditions are reached.

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

VOLTAGE

110
105

115
110

110

WATTS

445

415

480

440

560

LINE
CURRENT

4.50

4.40

5.00

4.30

5.80

TUBECURRENT
3.80
2.08
3.30
3.80
4. 10

TRANSFORMER
CONNECTION

Normal

Normal

Normal

Highest

Lowest
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TECHNICAL DATA
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OPERATING CHARACTERISTICS OF COOPER HEW ITT LAMPS. . 12
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REACTION TIME CURVES ........... .... 15
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ALLOWABLE CURRENT CARRYING CAPACITIES OF WIRES. . . 18
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aici
The Tables and Curves on the f o l l o w i n g pages

are technical data p e r t a i n i n g tc i n d u s t r i a l l i g h t -
ing units, both for the COOPER HEWITT lamp and in-
candescent lamps. Various comparisons can r e a d i l y
be made to show the efficiency of toth systems of
l i g h t i n g when applied to i n d u s t r i a l i l l u m i n a t i o n
on average conditions of intensities.

Only Curves, Tables, and Drawings that were
known to be authentic are i n c l u d e d in t h i s section,
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<3-z.
f.

(0
r
(T>

METHOD OF
SUSPENDING LAMP

(&HAU-I-OW

GENERAL ELECTRIC
VAPOR LAMP COMPANY
ILLUHIIUTIM

H0«0«t». I. I.
ITC :- IOWM »T- 2 3 ? |A.W. S-172
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TtCMIICil. D»T1

PHOTOMETRIC RATIKJG
ALTERNATING CURRENT COOPER HEWITT LAMP

CODE NO. I60H9WLI
USE ACHlORIFt REFLECTOR IM NORMAL POSITION

INITIAL OUTPUT
WATT S (.RAT ED) —————
MEAN LOWER HEMISPHERICAL CANDLE POWER-
WATTS PER MEAN HEMISPHERICAL CANDLE —
DOWNWARD LUMENS————————————————
DOWNWARD LUMENS PER WATT-

TEST AT 20 FT. RADIUS

— 450
—840
—0.53
—5233
—11.6

A—VERTICAL PLANE OF TUBE
B —VERTICAL PLANE PERPENDICULAR TO V

UNIVERSAL DEEP REFLECTOR ACHIORIFI MAY BE
ROTATED TO THROW LIGHT 30° TO RIGHT OR LEFT OF
ABOVE NORMAL POSITION
TUBE I" DIA. * SO" LONG

DATA FROM TEST REPORT DATED AUG.I8J93Z

CANDLE POWER DISTRIBUTION
ALTERNATING CURRENT LAMP

VVITH T>EEP REFLECTOR

GENERAL (gtf ELECTRIC
VAPOR LAMP COMPANY
ILLUHIMTIWi EmiNEEmK DEPtRTMCIIT

HOtOKEN. *. I.

DATE •
6-ZS-3Z
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PHOTOMETRIC RATING
Current Cooper Hewitt Lamp
Code -<o. I 10-9*11

616YEAN i:-NE: -:M I SPHERICAL CA'OLE POWER . . . . .
*ATTS PEP MEAN HEMISPHERICAL CANDLE . . . . . . O.A?
DOWNWARD LJWENS . . . . . . . . . . . . . . . . 5 157

D LJMEN PER WATT . . . . . . . . . . . . K".^

Test at Z^ Ft. Radius.

A - V e r t i c a l p l a n e of tube
B - V e r t i c a l plane perpendicular to A

Universal curved reflector
I' "iatneter by 50' long.

Data calculated from test H-I3I?S8
By I l l u m i n a t i n g Engineering Laboratory
General E l e c t r i c Company, Schenectady, N.Y.

DIRECT C'jrRE'."1" LAMPS
COOPER HEWITT ELECTRIC CO.

ILLUMINATING CNCINCCRING OCFT.
_________HOBOKEN. N. J.
DATE:

8 - 5 - £ 9
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TCC«ilC»». 04TA

Tej T fi*. 5I5Z
no 4O56
no 4759

SCHEDULE

COOPER HEW""^ ELECTRIC CO
! aLOMIN*--INS SKS'NItWINa OtPT.

HOBCXEN N
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T C C l l l C A L 0»T i

G£iaa Tear fio. 4196
. 4249

4628

Oft B**e.

SCHEDULE

COOPER HEWITT ELECTRIC CO
ILLUMINATING CMGINKCNING DIPT.

HOBOKCN, N. J.
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L.N 5fa Ocrne RefJec /or -tVJi.fe Bow/ Lamp
0*to 70*- t4>^

8

\ Diff'isf - Cleat- Lamp
Lumens /n Lower Hf.mnph ere -

Cooper- He*»ift Lamp
Lwrnen* m Lower Hemisphere -Q't»W~ 83.5/Z

Dl5TR(6f
UNIT5 U5INC HYPOTHfT/C.IL

OF
IN

- _
G. £.

IHDUSTfllAL LIGHTIH6

GENERAL ELECTRIC
VAPOR LAMP COMPANY
IlLUMINATIM

HOBOKEk. 1 i
0»TE - OWN •»
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T E C * l t C U

f

id"

-c-

A— R LM Dome-SOOH+ft-IIOva/t -White Qo*,l
B—Classfeel D,ffvjer - JOO waft-//0**lt Clear
C- ,5>a Cooper Hc*itt L«mf>-45'Ow«1
D- Clear 300**tt-HOvolt Maid* Lamp

OF VARIOUS

LIGHTING UNITS

GENERAL ELECTRIC
VAPOR LAMP COMPANY
IUUMIMTIN6 EMIUftlllM OCPtRTMENT

HOSOKfN, ». I

OATO IOWN BrlcirqAW
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00
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«o
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00
?o
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o

Of

-M-H4

1090 Sooo 6*00

0/7

III. Sty. Lab-C*»ftr Hw'** £/rcfi",c Co.
Co.

SCHEDULE
mnu

0m fot f-
/W Atrff*/' *f

Curve

COOPER HEWITT ELECTRIC CO.
ILLUMINATING ENGINEERING DEPT.

HOBOKEN, N. J. __
DATE: OWN. «Y

OJtff.
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TfCMIICll 0 » T »

or

/OO

on

Ill.enf.ie*.-
ZH.fne. fo.

6000

SCHEDULE

\JOL
- - - - - - r -

ae,"-j HI Percfftr 0J
$6%

De/frrc/*/'<on C isr*/*

//o-
COOPER HEWITT ELECTRIC CO.

ILLUMINATING ENGINEERING DIPT
HOBOKCN. N. J.

DATE:
/2-/-/?*7 S-/<?7

707163



Operating characteristics of alternating
current lamp unit.

Operating Characteristics
of Direct Current Lamp.

707164



CHAAACTHISTK
LAMC MuoiPit MAZD&

TVPKAL Own* PnroMusncr. or LAWK Murm MAZD&
LAM»» or 20010 OOO WATTS • t»*-l> OWUTIOH

j
«C

40

30

o « TO M 40 M to •» *o to <xns
PcaceMT RJOIO Ln

I j I I i
90 DO 110 0̂ DO MO BO

TmcM.O*oiaMePnroaMMctv LARGIMumeMAZD&lAI*S
lAwn *f 6O TO ISO WATTJ

PUKtHT
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TABLE HI—DETERMINATION of LAMP SIZE

SECTION 1
, Using the proper Section for the

future selected, the Mounting
Height decided upon and the
Conditions Factor (found in
Table II), choose such Lamp Size
and Spacing as will give the
desired Foot-Candles.

Diaianoe iron
Uuderaide orReflector u>
Floor to be

oot teea Oiao

Area Per Outlet
Adequately Ufhud

' Between walb «nd fint rows of lighu allow not more than H •pacing. |

THE SOCIETY FOR ELECTRICAL DEVELOPMENT, Inc.
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CURVES SHOWING REACTIONS IN UNIT TIME UNDER DIFFERENT KINDS OF LIGHT



RLM Dome Reflector

* r- - p«r . ,•-• . .. t * ir— r>. .-pi

\ rpr-~ i. rn*'*1 - • a-v -ii-i- <n
"i > 'TCal *— '«—.-. • p tr.

* H' ' "

•r .

..r --.' «-,•
in i ,11 xp.^in-;

>r :«> i i"

•*• 11 • *••
.T i l 1' >p..'-tr.«r
IT'tO-W Sq F:

M . V.3 : '•-pfiriiuf
JUU-.'i-t •>! F'

•>r 12' »»"
•* V«l*V "pan DC

2lo-Jf)'» r*i F'
'H- i i o*

JtH»- Juo >•). Fi
or I I ' h*

• »r } t h"
I H . I H S|wiriii*r
uo- ;-*o Si F'

or 1 "> * *

or lt> *>"
Jn ; x^'J :

 w Spar inn

1 il i . .r it.l-

\ --rif

\ > -rag.-
1 nf 3 . .irnl>k
F.ivoriblr

K,..,rabl-

I :if ivoriihl*'

1 iif.it.ir.ilil-

K.'-'-ir- f . - j : -- ir.HI.** .hMin^il from

'.nn •:., 'IHI 11 in
W ,•• V> , • -A," * 4.1

•> " '•• ' '.-M ^ : -jy

I-', "... ' M - . J [t-l'>
",-: 10-. j~ u - .7~ ^2~-:7

'. '.-I •; x-^ V-, ! 14- l r t

! *,-(), n-o i'l-l.' ;6-2l

: v; -. ••>•-, ; --n 12-14
; -,-4 U n-* J - l l IS^I1*
: ii. : 5 -.-o 7-j 12-1 •>
_• •.-; ii 4--> i-7 . 10-12
i i).'i -," v: " " --•> "ivi7

J '.-I l> 4-5 1-7 Hl-l >
.' 'i-J > 1.5-4 •! >-n H-HI
J V; ': 4-1 t-H 11-14
J l l - l •! '. '-4 " "1-1 H - l l

J.-,-l u f'.-i -l~ " -,-7'~ ~il-Uj u-j .-. j . o - i -i i :-•, : --io
1 "-. •. J.3- \ il 1 j-\ il 1-7

•. 0.1 3 4Ji .1-ltl
; T ; n t-i 3 i^J
J II- J "i I '.-4 n 1 jJi.i

] "-: i i -,-ni 1-7

1 '\. 1 '> j-n
J 5-1 " 4-5
1 .1- ! 'i 3-7
-' 5-.I il 4-5
.' ii-J 5 1 3-4 H

3 U-2 ~> .1 5-4 <l
1 5 - 2 U 10-13

,• '• . ; ;•• ̂ T,, i K H , , , , B K ; , . :
•"I" 'ifl 1 50 JfW ',0«i ", ..

A i : t ^c- 'A a i t W a - t "Ai" A , - .

'•'••"• " .' "i 11 • :'.f.- r.

'•*•'•- t .'I ; a t
'..' IX

m-4-
-•••-iii i 1 5 : i
J3-2«

23-12 11 I 2 ! n 2 i 1 !

i i -27 - i i • 5 . : 3 : -

'K-2:! i 1 ! ; | o ; •
'. t- ! H

l . l - l i

t.i-r 3 7 « i t : :

i-'-i'. i 8 12 : :
10-1.'
13-17
10-1 1 5 7 11 17

1-10
12- l t " ~" ~ "

'1-12 •> •> '. ;
7-1

ID-12
7-10 5 It 1 1
1-7

7-1 t : 7 1 2
5-6

Glaseteel Diffuser
Area Pn Outlet Dixtaitu-'roni

Lighted or Reflector to
Approximate Floor not to

Spacing bf lew than
55-65 Sq. Ft.

<vT 7 ' 6 -
7"$'i7V Spacing

65-75 Sq Ft
or »' 0-

SH'i.81-;' Spacing
7S-«5 Sq. Ft.

or 8' 6-
9'i9' Spacing
85-95 Sq. Ft

or 9' O'
9*Vi9'-V Spacing

95-1 10 Sq. Ft.
or 9' o'

lift 10' Spacing
110-125 Sq. Ft.

or 10' 0-
1 I'll I' Spacing
125-145 Sq Ft.

or 10' 6'
11 "YlI'V Spacing

14S-l70Sq. Ft.
or 11' 6-

13'il3' Spacing
170-200 Sq Ft.

or l i 'O-
13H'il3',' Spacing

2*0-230 Sq. Ft
or 12' 6-

14*4'll4H' Spacing
230-260 Sq. Ft

or U' 0-
ISH'ilSS' Spacing

26O-300 Sq Ft
or 13' 6-

1644'xl6'4 ' Spacing
300-340 Sq Ft.

or 14' ft'
18'i 18' Spacing
340-390 Sq. Fl

or I V f c -
I9'il9' Spacing
390-440 Sq Fl.

or 16' •>'
2QH'i20>V Spacing

Room
Conditions

Favorable
A v erage
Unfavorable
Favorable
Average
Unfavorable
Favorable
A verage
Unfavorable
Favoraote
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Lnfavorable
Favorable
Average
Lnfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable
Favorable
Average
Unfavorable

Average foot -candlea obtained from above
reflector using lamp sue* al given at top WATTS PER SQUARE FOOT

of column*
100 150 200 300

13-16 18-23 29-37
10-13 14-18 23-29

a-IO 11-14 18-23
11-14 15-19 24-31

R-l l 11-15 It-24
7-* 9-11 14-18

10-12 13-17 21-27
5-10 10-13 16-21
6-8 8-10 13-16

'• t-IO 12-15 19-26
6-t 9-12 14-19
5-6 7-9 11-14
7-9 11-13 It-23
5-7 t-H 13-18
4-5 6-8 11-13
6-8 9-11 15-19
5-6 7-9 11-15
4-5 5-6 9-11
5-7 R-lO 13-17
4-5 ft-a 10-13
3-4 45-55 8-1D
4-6 6.5-8 12-15

.' 3-4 3-6 9-12
25-3.5 »-5 7-9
35-50 6-7 10-12
30-38 4-5 7-10
25-30 .1.5-40 O.S-7 5
35-10 5-6 (-10
28-35 3 5-4.0 6.5-8
2 0-2 5 3.0-3.5 5.5-6 5
3.0-3.5 4-5 7.5-9

•' 2.5-3.0 3-4 6-7
;!. 1.5-2.0 2.S-3.0 45-55

2 5-3.0 33-10 7-8
20-26 30-35 5-6

2.0-2.S 4-4.5
3.0-S.S 5-7
2.5-3.0 4-S
1.5-2.0 3.5-4.0
2.S-3.0 45-6
2.0-2 5 3.5-4.0; S 0-3 S

: ' . . . . . • *•*
. " ' . ' ' . ' . . 2.S-3.0

300 100 150 2OO 300 500

52-66
41-5: 2.5 3.3 5 8
32-41
43-56
32-43 2.1 28 4 66
25-32
38-48
29-38 1 8 2.5 3.7 6.1
23-29
34-47
25-34 1.7 2.2 33 S.S
20-25
32-41
2.3-32 1.5 2 3 S
20-23
27-34
20-27 1.2 1.6 25 4.1
16-20
23-30
18-23 11 1.5 23 3.7
14-18
21-26
16-21 1 13 19 J 2
13-16
18-23
13-18 8 11 1.6 27
10-13
15-19
11-15 7 9 1 4 2 3

9-11 ;
13-17
10-13 6 8 12 21

8-10
12-15

9-12 .5 7 II 17
7-9

10-12
8-10 .6 9 1.5
6-«
9-11
7 - 9 5 8 1 . 4

5.5-6.5
8-10
6 - 8 7 1 2
5-0
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INTENSITIES PRODUCED BY SIXTEEN 450 WATT
COOPER HEWITT LAMPS SYMMETRICALLY SPACED

HORIZONTAL DISTANCE BETWEEN LAMPS

Height
4
5

6

7
8 !
9

10

8
55.0
62.1
65.2

9 | 10
40.4
55.4
58.6

65-2J58.4

24.5
39.6
42.5
44.3

64.2 57.4|45.0
62.1
59.7

11 |57.0|

55.2
53.0

43.7
42.3

50.6|40.8

11 | 12 | 13
23.0
27.6
30.7

17.9
14 | 15

15.7|ll. 8| 9.7
21.619.7
24.5|22.6

33.0126.5
34.2
34.8

28.2
29.2

34.3J29.6
33.3

12 |54.1|46.0|39.2|32.3
13 !51-2|45.6
14 |48.042.8
15 144.538.6

37.7
36.2
34.7

16 |40.6|34.6|33.1
18 |36.6
20 |32.6

31.3
30.2
29.1
28.0

33.1|30.0|25-5

25-0
27.2
28.0

15.4

16 1 18 1 20 :24
7.01 5.7) 3 91 .4

12. 2| 9.2| 7.4i 5 - 4 2 . 3
17.8|14.3|10.9| 7 81 6 6:3.2
19.3|15-912.5| 9.9
20.9|17.3
22.0

27.6|22.8
29.527.0
29.026.2

23.0

18.3
19.1
19.4

13.9 11.0
j 7 - 7 4 . 0

9.r4.7
15.1111.9] 9.6:5-3
16.0|12.7|10.1'5.8
16.6|13.3|10.86.2

22.5|19.5|16.7ll3.7|ll.2|6.3
28.3|25-5|22.0
27.4 23.821.3
26.7|23.7|20.7
25-7
23.5

29.7|26.7|23.0|21.1

22.9J19.3

19.4
19.2

16.6
16.4

18.7 16.1
18.21,15.7

20.9117.7J16.9

14.0 11-3J6. 5
14.2|11.4i6.6
14.1
13-8

11.4J6.7
11.2!6.7

14.9|13.0!l0.7l6.7
18.4 15.2 15.3]13.9|11.2 10.3!6.6

Approximate Watts per Square Foot of Horizontal Surface
I 7.0| 5.5| 4.5 3.7| 3-l| 2.5| 2.3| 2.01 1-7| 1.4| i:i|.78
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ALLOWABLE CURRENT CARRYING CAPACITIES OF WIRES
. \\1PERE

WIRE RE*
C * R R Y I N G C A P H C 1 T Y NUMBER OF WlRES IN 1 CONDUIT

^ ., C;KC-.''_AR TYPES OF INSULATION i 2 3 4 5 ' 6 7 3 9

RUBBER
IS 1.624 3
16 2 5S3 6
14 4 107 15
12 . 6 530 20
10 ! 10 380 25
8 16 510 35
6 . 26 250 50
5 33.100 55
4 : 41.740 ' 70
3 ' 52.630 ! 90
1 66 370 ; 90
1 33.690 | 100
0 105.500 125

00 133 100 150
000 167 SOO 175

0000 211 600 j 225
l 200 000 200

250.000 250
300.000 275

' 350 000 300
400 000 325
500.000 i 400

i 600 000 450
700.000 i 500
750.000 ; 525

! 800.000 i 550
i 900.000 | 600

1.000 000 I 650

V. C OTHER MINIMUM CONDUIT SI:E

18
: 25

30
40

i 60
65
85
95

. 110
120
150 i
180 !

i 210 '
1 270
: 240
' 300 :
: 330 i
1 360 ;
! 390 i
i 480 1

540 1
! 600 '
i 630

660
7% !
780 ! 1

6 :

10 :
20 ' ., 4 • 4 4 ; '-. '« !

4 l i
30 4 4 4 i K
35 U . \ % i »/,J

*4 i l i l u4-
1 1 H-4 1 L-4 I ' 4

50 4 , 3
4 • V4 ! 1 •! i 1H 1>4 l»- 4 Ii4

70 4:1 i IK IK 14 i 14 2 2 2
30 • »» ' IK IK IK 14 ! 2 2 2 2
90 J

4 ; IK IK ' 14 2 '•• 2 2 2 24
100 3'4 ' 14 1^ 14 i 2 2 .2 24 2 ' - .
125 | *i , IK • 1.4 14 2 12 • 24 ' 24 2',
150 ; H 1 14 14 2
200 1 14 j 2 2

2 : 24 24 3 3
24 24 , 3 3 3

225 1 2 ' 2 ! 24 2H ; 3 ' 3 . 3 34
275 I 2 2 24 i 3 i 3 3 34 34
325 ! IK 2 24 i 24
300 IK , ; 2 24 24
350 1'4 24 24 3
400 j IK 24 3 3
450 i IK 24 3 34
500 : IK 3 3 34
600 14 3 3 34
680 2 3 34 4
760 , 2 34 34 44
800 , 2 34 34 44
840 2 34 4 44
920 2 34 4 44

.000 1 2 4 4 ! 5

3 , 3 3 4 3 4 4
3 3 34 34 4
3 34
34 34
34 4 « ;
4 4 ' ; :
4 44 | '••
4H 5 | '•

1 1 : 1
1 !

-rom National Electric Code, 1931 Edition. "

SPACING and DIMENSIONS of LOCK-NUTS and K. O.'s
DIAM. ' PUNCH NOMINAL

OF LOCK- ' DIAM. CONDUIT
NUT "D ' "C" SIZE

IV :«" 4"
l :i«" l '•«" K"
IV IV l"2- iv in*
2> „- 2" 14' '
2V 24" : 2"

MINIMUM SPACING OF KNOCK-OUTS "A"

IK I'.
1'w

3U- 3" • 2U' ,
4V 3V i 3* ;
4V 4V 34"
5V 4V 4"
64" 5V i 5« !
71," 6V 6"

i

1 4 ! l"n Hi i 2^ 2 In
I"T. 1 1 H 2 i 2*fe | 2 H

3' 3K" 4". 5" 6"
2H 3H 1 3 4 3li,6 4 : ,e
3 3'K ' 3»-|. 4 4 i 4 s's

1 ?i i I"KI 2^ ; 2?i 2'M, 34 3>g 3 H i 4'i« •»"»
2 H i 2?T. 2»i» 2 H 3^, 3»i« 3isi» , 4 »s i 4 7s

27,« | 2K 3 Vj. ! 3'/u 3?-4 44 4 »w 1 5 '•»
3 i 3 ?u

' 3 Ji

--t^O—— *i

iv^^^XJ y ^ ' v J

3K 4 4 J
8 4i»* : 5*w

4^ 4 '̂u 411!. 54 5/8
4tr. 4K ' 5 4 5 *u 6 'i.

'5 5 »', ; 5'H, i 6»M
5 H 6 «16 ; 6"!,

1 6 '-, 7 H
1 7 Vt^iy
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C/nlensities
Intensity of l i g h t i n g is by no means a measure of the real

value of a l i g h t i n g system. Many trained engineers have the
habit of strapping a meter measuring foot-candles across their
shoulders and when called in to check a l i g h t i n g installation,
they rely solely upon what the meter does or does not read.
Quality of l i g h t is set aside as a secondary issue when, in fact,
it is the most important factor above all other things in l i g h t i n g

FOOT-CANDLE AS A UNIT OF MEASURE

The lumen is generally used by lamp manufacturers and many
i l l u m i n a t i n g engineers to indicate the l i g h t output and efficiency
of bare lamps, but for all practical purposes of comparison,
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, u t i l i z a t i o n , and other
variables.

The rating of bare lamps on the lumen basis is about the
same as rating automobile engines on the horsepower basis from
block tests, under the most favorable conditions. However, this
does not give the actual horsepower of the automobile operating
under normal road conditions throughout the year.

The use of foot-candles on the job, rather than calculating
from lumen output values is the safest way to obtain actual
comparisons of one l i g h t i n g system against another. The only
thing to remember, is that quality of lig h t cannot be measured
by ordinary foot-candles, since quality is a measure of the
value of l i g h t in terms of seeing-power and foot-candles 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 BELL, PH. D.
Author of "Art if Illumination"
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MEASURING LIGHTING INTENSITIES

Many 'foot-candle engineers' lack the proper technique in
using i I Iumincmeter meters in checking the effectiveness of a
l i g h t i n g system. Usually, the meter is very carefully set 30'
above the floor with every precaution to avoid shadows on the
screen of the paddle. The meter readings are taken only on the
horizontal plane because a group or average of such readings
w i l l give the highest results in general illumination.

Illumination 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 flat surfaces on the horizontal or slightly oblique
planes in which papers, books and other flat objects are
usually examined. For relative performance of various
units compare coefficients of utilization for any given
condition.

Illumination on Vertical Surface* 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, etc., in art museums.

^ library stock rooms, office file rooms. Without supple-
~: mentary units, the illumination on vertical surfaces from
', ordinary general lighting units is of the order of one-half

11, to one-third of the horizontal illumination values.

Appearance of Lighted Room refers only to the
general 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 l i g h t i n g units. Thus,
if the object happens to be located in the very center of a room
it w i l l receive less than 50Jt of the l i g h t from the l i g h t i n g units,
on the vertical surface, whereas, a horizontal surface would receive
l i g h t from all units in every direction.

«««turing hor i tontml lnt*nslti«

o o
M«*suring verticil Intensities

707173



USNTIIS HTCIilTlli

Horizontal intensity takes no account of possible
obstructive shadows that may be caused by machinery, material,
or workmen. It is, therefore, a wholly u n r e l i a b l e measure of
the value of i l l u m i n a t i o n for all cases. A much more r e l i a b l e
measure would be the average of vertical and horizontal
intensities. The most reliable measure is probably the
intensity on a plane perpendicular to the lin e of vision of a
workman in his normal position w h i l e at work. However, workmen
are constantly changing positions and their l i n e of vision is
scarcely the same longer than a minute or two at a time, making
measurement rather d i f f i c u l t .

All measurements, regardless of the method employed, are
valuable only so far as comparisons between l i g h t i n g systems are
concerned. Neither quality nor seeing-power is revealed by these
measurements. In l i g h t i n g for seeing, there is only one thing
that counts:

The clearness and ease with which the
workman can see to do his work. All
that does not directly contribute to
this result can be left to take care
of itself; and all rules and formulas
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 i11uminometer 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 iIluminometer, having its scale calibrated to
read foot-candles. Here ag'ain the readings refer to physical
brightness of light. It does not account for the Iight-and-shade
contrast of the l i g h t which is a measure of quality.
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The physical intensity of l i g h t t e l l s tut part of the
story. Dr. Steinmetz stated:

•it doct not »*er> thit any two lljhta, rcgsrdlett of
thair color , love th» «««e intenaity If *t the lava
aiat tnc* from then, objects e*n »e seen wi th the awe
dl at tnctneaa; «», for Instance, print read w i t h ke.ua!
e«ta. Thj only Method, therefore , which p.rnlti comparing
and Measuring I Ighta of w i d e l y d i f ferent color I* th«
Method of reading differencea aa ua*d In the ao-called
luainometer. After *ll, It ia the t h e o r e t T c e l l y correct
Method of compir! aon, «a It compares the light of thut
property for which they arc uaed. Curloualy enough, the
luMinooetar, thua, la the only correct light Meaauring
Instrument, and the photo««ter correct only inaofar aa
It egreet wi th the luMlnoceter.•

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 l i g h t he states:

•it acta aa If It were a light of Much higher ctndle-
power than It real ly la. In fact, the atsuMptlon
that a gain In acuity It due to * real di f ference In
candlepowar, Inatead of the apurlout d i f fe rence
Indicated ky the qual i ty of br lghtntt i comparison,
would Uad to on e f f i c i e n c y of light production In
the aercury vepor tue« which la, In the w r i t e r ' s
judgment, aulte 1n»d«!stab I».•

Both Steinmetz and Bell intimate that contrast is a true
measure of l i g h t i n g effectiveness. Without contrast, seeing
cannot be accomplished; w h i l e maximum contrast promotes ease of
vision. COOPER HEWITT light increases contrast 505» to IOC& above
that of incandescent light.

SEEING AT WORKING POINTS

It has been stated that horizontal l i g h t i n g 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
10 foot-candles exist on the vertical plane.
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The so-called working plane is a f i c t i t i o u s standard
h a v i n g absolutely no connection w i t h regard to production
v i s i o n . T Ke extreme care w i t h w h i c h intensity readings are
taken at such working planes indi c a t e obviously that these
i n t e n s i t i e s are incorrect insofar as the point of seeing
is concernec. A c t u a l l y , 'the point of seeing 1 is that which
is shadowed by:

1. The machine itself
2. Obstructions 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 e i t h e r the horizontal cr vertical intensities. Very
often these readings are around 2 or 3 foot-candles.

O B S T R U C T I O N

Htehlnvr y

Optr»tor

Oi *

< e r t l c t l (a ipo tad tu r faca l - - -

v e r t i c a l ("Or k ing (ur facal - - -

• O R K I N G P O I N T

10 f t .e.

5 f t .e.

3 f t .e.

• H o r i z o n t a l ( a c t u a l work ing p lana l - - 70 f t .e .

o r i z o n t a l ( f l e t l t i o u t w o r k i n g p l a n a l 30 f t .e .
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LIGHTING THE WORKING POINTS

It is apparent that all working points do not require the
same intensity. On course work the intensity at the very point
of seeing may be only I 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 l i m i t s
in tabular form recommending intensities of l i g h t i n g 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 l i g h t i n g be recommend-
ed as a solution to the problem at hand. This may sound like a
long 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 middle floor areas.

In the largest wool treating plant
in the world, engineers measured
2500 foot-candles at the windows
and only 2i 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 HEflITT 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.



C 
)

<.£.
U 

I

i/j
orLUCO



8
I. I3»T I «i ' < " E » S I Ti ES

TESTS AT THE POINT OF SEEING

Several tests made in large industrial plants indicate
that v e r t i c a l i n t e n s i t i e s average 100$ h i gher 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 h i g h e r 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 l i g h t lacks the punch given
out by COOPER HEWITT l i g h t . Incandescent l i g h t at such points may
provide only a fraction of I foot-candle (in the recess) w h i l e
the mercury vapor l i g h t 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 l i g h t from point sources w h i l e mercury
l i g h t is distributed 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 w i l l surpass
the i l l u m i n a t i o n given off by two diffused incandescent lamps.

Light emanating from a point source is bound to cast dark
obstructive shadows in partly enclosed 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 l i g h t these sections usually results in
deeper, more objectionable shadows. The application of local
l i g h t i n g assists in increasing the intensity somewhat in these
recessed areas but s t i l l f a l l s short of providing the eyes with
'seeing-power' that e l i m i n a t e s eyestrain and fatigue.

COOPER HEWITT l i g h t is uncanny in its a b i l i t y to put light
where l i g h t is needed — it penetrates into niches and recesses
where other l i g h t s f a i l and because of its greater det a i l reveal-
ing effect, by virtue of increased contrast and retinal bright-
ness, only one half the l i g h t as measured photometrically is
required, when compared with incandescent l i g h t .
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T y p i c a l examples of COOPER HEWITT and incandescent
g h t i n g w i t h resultant i n t e n s i t i e s at the seeins points.

L A

General average i l l u m i n a t i o n 30 foot-candles

Seeijig poi nt 0.5 f t .c .

See!ng poi nt 5 f t . c .

General average i l l u m i n a t i o n 30 foot-candles

Seeing poi nt 3 f t . c
100$ contrast
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LOCALIZED L I G H T I N G

Wherever possible, the use of localized l i g h t i n g shoula
be avoided. Many engineers in speaking of local l i g h t i n g refer
to drop l i g h t s or bracket l i g h t s using incandescent bulbs.
However, this is not the only form of localized l i g h t i n g used
in industry. COOPER HEWITT l i g h t has been used in this manner
for many years.

The main consideration in local l i g h t i n g is that contrast
values for f u l l v i s i o n must not exceed I to 10 and preferably
I to 5. In other words, if 100 foot-candles of local l i g h t i n g
is used, at least 10 foot-candles of general l i g h t i n g and
preferably 20 foot-candles, should be used to remove the hazard
of too much contrast between l i g h t at the working p o i n t and
l i g h t in other portions of the working area.

The average i n d i v i d u a l considers that the human eye can
endure greatly varying intensities in r e l a t i v e l y short i n t e r v a l s
of time. In many respects this is true, but the f i n a l outcome
is eyestrain and fatigue. Insofar as the eyes affect production
the effect is detrimental right from the start, as illustrated
be I ow.

Looking from intensely l i g h t e d areas to proportionately
lower surrounding intensities, causes v i o l e n t alternate
contraction and d i l a t i o n of the p u p i l , w h i c h u s u a l l y occurs
several thousand times a day. The amount of time wasted by
eye adjustment, eyestrain, fatigue and drowsiness, are airect
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 l i g h t i n g using low
wattage incandescent lamps w i l l prove advantageous w i t h
COOPER HEWITT l i g h t i n g . The occasions are rare, tut when they
do arise, b l u e d a y l i g h t incandescent lamps should be used in
order to effect a better b l e n d i n g w i t h the h i g h v i s u a l rays of
mercury l i g h t . This combination w i l l g i v e satisfactory results,
d i m i n i s h i n g eye fatigue usually experienced w i t h bracket l i g h t s
i n ordinary l i g h t i n g installations.

In practically all production areas bracket l i g h t i n g or
hot-spot l i g h t i n g is unnecessary. Occasionally an extension
lamp may prove h e l p f u l in setting up complicated machines, but
once this is accomplished, the a u x i l i a r y l i g h t i n g should be
abandoned. Where these conditions are l i k e l y to exist, outlets
should be provided at certain intervals for the temporary use
of extension lamps.

The general application of localized l i g h t i n g might w e l l be
avoided in areas where production is the keyword. Some of the
most common objections to bracket or b u i l t - i n l i g h t i n g may be
I i seed as follows:

1. Glaring to the eyes — either direct or
specular.

2. Spotty l i g h t i n g conditions.
3. Poor eye accommodation.
4. Rapid depreciation on account of being too

close to working points, therefore q u i c k l y
accumulating:

a. OiI and grease
b. Dust and d i rt

5. Where ordinary drop lights or bracket l i g h t s
are used the above ingredients gather on
lamp and reflector shade.

6. Where b u i l t - i n l i g h t i n g is used with glass
cover, l i g h t absorption takes place through
diffuser as w e l l as d i r t accumulation.
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7. Requires constant c l e a n i n g , otherwise
effect no better than general i l l u m i n a t i o n .

8. Filament l i f e in standard lamp shortened by
h i g h frequency vibrations such as caused ty
motor hum or h i g h speed gearing.

9. Special lamp needed to overcome short l i f e
due to vibration and this is a v a i l a b l e only
i n 50 watt si ze.

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. Others
forget that reflected glare may also be seriously objectionable
even in properly designed units.

If t!*e general i l l u m i n a t i o n were of proper design and had
the power to increase sharpness of v i s i o n as in the case of
COOPER HEWITT l i g h t , n e i t h e r type of local l i g h t i n g maicated
above would be required for the p a r t i c u l a r class of work
undertaken.
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PLANNING FACTORY LIGHTING

A l i g h t i n g layout, in order to be satisfactory, must be
designed in accordance with conditions as they exist in the
p a r t i c u l a r case under consideration. P r a c t i c a l l y every factory
or m i l l has some p e c u l i a r i t y which may have a d i s t i n c t bearing
upon the f i n a l choice and location of the l i g h t i n g units. The
design of a l i g h t i n g system must take into account the position
of machines and work benches, even in the so-called general
system of l i g h t i n g . Many advantages with COOPER HEWITT lamps
are discovered by placing them at d e f i n i t e angles with certain
types of work, although spacing of lamps may be uniform.

W h i l e it is apparent that many factors influence the
arrangement of lamps with respect to a 'job1 there are three
accepted methods of l i g h t i n g in general use in industrial plants:

1. General or overhead l i g h t i n g

2. Group or localized general l i g h t i n g

3. Local Ii ght i ng

The reason for classification of l i g h t i n g methods is due
p r i m a r i l y 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 possible.

GENERAL LIGHTING

General l i g h t i n g seems to be the most popular and in reali t y
is the ideal method of factory lighting. However, the machines
and working planes must be properly situated and of such a
nature as to u t i l i z e uniform i l l u m i n a t i o n efficiently. A general
l i g h t i n g system is one which has its l i g h t i n g units mounted over-
head and symmetrically arranged, as nearly as possible, to g i v e
approximate uniform i l l u m i n a t i o n or even diffusion over the
room to be Ii ghted.
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The height and spacing of lamps depends upon many factors,
of whic^ the most important is the intensity required. Low
mounting and f a i r l y close spacing is a necessary factor in the
production of h i g h q u a l i t y hosiery as e x e m p l i f i e d by the modern
full-fashioned m i l l . The assembly of an airplane requires
less intensity of i l l u m i n a t i o n and because of the large parts
handled the lamps are mounted high above the floor.

The fact that less
intensi ty i s requi r-
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
mi I I must have a high-
er level of i I l u m i na-
tion than the ai rplane
assembly plant, i f an
approximate e q u a l i t y
of vi sual effect i s to
be obtained. So at the
end of a working day the
opti cal senses of a
worker should be s i m i l a r
whether he works in the
one place or the other.
Note particularly how
the general i I l u m i na-
tion of COOPER HEW IIT

light reaches every point on the giant airplane, even underneath
the w ings .
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GROUP LIGHTING

It is obvious that general l i g h t i n g is not always the
most efficient to l i g h t a factory or room. Where the nature
of the work and machines are the same, as in the weave shed,
general l i g h t i n g is unquestionably desirable.

The condition is
enti rely changed
in the laundry
room. Here the
Ii ght i s grouped
i n accordance wi th
the type cf work
carried on and the
grouping of machines.
In general, however,
group I ighting i s
simi lar to general
Ii ghti ng, except
that i n d i v i d u a l
sections of a room
are considered
separately as far
as spacing of
Ii ghti ng units are
concerned.

The mai n thing to
remember, however,
i s that units must
not be grouped in
such a way that
extreme spotty

l i g h t i n g w i l l result; this would be particularly undesirable in
machine shop areas where hazardous operations are usually
being performed. Avoiding excessive spotty l i g h t i n g means
avoiding contrast — it is natural that men are more l i k e l y 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 l i g h t i n g is very often necessary where extremely
hi-gh i n t e n s i t i e s are needed over small areas. Two very
s t r i k i n g examples of this class of l i g h t i n g are g i v e n below,
where lens and glass inspection are beina made at close range.

These are unusual
cases, but g i ve a
very good concept-
ion of what is
requi red of an
i I luminati ng engi neer
when planning in-
tensities or a re-
I iable factory I i ght-
ing system. It also
gives a practical
demonstration of how
w e l l COOPER HEW ITT
I i ght can be app 1 i ed
to any class of work
without the usual
planni ng of el iminat-
ing glare and shadows —
simply because COOPER
HEWITTS are glare I ess
at the source and
produce only luminous
shadows on worki ng
surfaces.

For the exacting work
of lens inspection
COOPER HEW ITT makes
water marks, sand holes,
scratches and other
minute blemishes easier

The inspectors who do this work report a tremendous
strai n.

to detect.
rel ief from
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GENERAL - GRCUP - LOCAL LIGHTING

systems -se re ~ one of t^e three
metnccs T.ent. I cnec. In special cases all three may be adopted,
althcu;- t K i s .\culd rarel^ occur in the same roorc. A general
systerr, w i t n local l i g h t i n g , or a grcuf Eystem wi tii local l i g h t -
ing are the r.ost common v a r i a t i o n s . The newspaper composing
room i l l u s t r a t e s group and local l i g h t i n g . rhe local l i g h t i n g

is represented by the lamps along the windows. These lamps are
suspended lower and closer together than those in the foreground
on the photograph. This class of work w i t h its new cast type,
demand for speed, accuracy anc continuous n i g h t work, furnishes
a real test for i l l u m i n a t i o n . O n l y soft d i f f u s e l i g h t , w i t h
lack of glare and reduction of shadows is wanted by Ue p r i n t i n j
i ndust ry .
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'''•e speedometer assembly department uses what mi ;ht te
termed a " g e n e r a l - g r o u p - I oca! ' l i g h t i n g system. The larr.ps are
groupec over t se assembly tables, b e i n g s y m m e t r i c a l l y spaced.
~t-e assembly of s m a l l jewel parts in this department recuires
WOTK as close as watchmaking; consequently the lamps .mst te
spaced close together and as near the assembly tables as proves
necessary.

It is apparent that the planning of a suitable l i g h t i n g system
depends e n t i r e l y upon the class of work and the d i s t r i b u t i o n of
machines or equipment to be lighted. Although there are three
general methods of l i g h t i n g , these may be combined into one when
considering COOPER HEVKITT installations. This one method might
be called Mocal l i g h t i n g 1 , since any required commercial intensity
can be furnished without sacrifice of a soft and evenly diffused
l i g h t . The i n t e n s i t i e s of this local l i g h t i n g system can be
varied by a change in height, spacing or number of lamps. The
intensity required depends upon the job to be l i g h t e d , w h i l e
height, spacing and number of lamps depend upon surrounding
conditions as w e l l as the job.
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conomics
Modern machinery is b u i l t upon the e f f i c i e n t use of energy.

It is de s i g n e d to perform certain functions accurately and
w i t h i n a m i n i m u m time. As a feature of economy its f i n a l
requisite is its l i f e and how w e l l it continues to perform
with a m i n i m u m amount of attention and expense. Poor shop
conditions or i n e f f i c i e n t machinery have a detrimental effect
on output, whereas, good shop conditions or e f f i c i e n t machinery
tend to increase production and b u i l d up good-will. All of t h i s
is a measure of general economy.

LIGHTING A FACTOR OF ECONOMY

No matter how automatic a machine may be it requires human
attention at some time or other. T h i s attention may be required
w h i l e the machine is running, d u r i n g i n i t i a l set-up or for
ordinary repairs. 'n either case, l i g h t is a most essential
factor in assisting the human seeing machine to perform the
necessary duties accurately, e a s i l y , and e f f i c i e n t l y .

It is d i f f i c u l t to explain, in
words, just h o w l i g h t i n g w i l l
accomplish accuracy, ease and
ef f i c i e n c y of v i s i o n , but if a
concrete example r e l a t i n g to our
d a i l y experience is taken the
case is r e a d i l y understood.
Take then, the automobile and
drive it 50 or 100 m i l e s in the
daytime -- at the end of t h i s•
d r i v e no p a r t i c u l a r exhaustion
is noticed, Drive the same
distance over the same road at
n i g h t and body fatigue is quite
apparent; yet the only difference
is in the l i g h t i n g . This fatigued
condition is not due to the
performance of actual work but is
brought about by g r i p p i n g the
wheel more t i g h t l y and us i n g up
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a t e r r i f i c amount of nervous energy in trying to see clearly;
the muscles of the body are tense and the whole tody seems to
be under a strain d u r i n g n i g h t d r i v i n g .

The condition of daytime d r i v i n g is further improved on
days that are clear and cool without the g l a r i n g effect of the
sun. The intensity on the road has been cut down considerably,
but the soft even diffusion is appealing to the eye and prevents
any form of eye irri t a t i o n . COOPER HEKKITT gives the same soft
even diffusion of l i g h t in a factory; it does not irritate the
eye, nor does it fatigue or tire the body. Good l i g h t i n g is,
therefore, good economy.

COST OF LIGHTING

In the case of the automobile, good l i g h t i n g 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
l i g h t i n g on an automobile is demanded. True, one can proceed with
only one head lamp b u r n i n g or an inferior set of head lamps, but
t r a v e l l i n g is slowed up and accident hazard increased. Most
important of alI is the fact that the cost of the best l i g h t i n g
available would be I ess than 2% of the car investment.

The cost of factory l i g h t i n g is analogous to that of the
automobile when considering fixed and l i q u i d 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 compiled by
the Department of Commerce and general statistics and surveys by the
Engineering Department of Nela Park.

The best l i g h t i n g 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 l i g h t i n g might well pay for a l i g h t i n g system
regardless of i n i t i a l cost.

707192



L I Sit T ' «G

CAPITAL ASSETS OF MANUFACTURING INDUSTRY
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The operating cost is given at a fraction of one percent,
namely, 0.3%. This extremely small investment is protecting an
investment of 52% in materials.

The two foregoing paragraphs contain a wealth of information
as regards the economy of l i g h t i n g and w i l l be prominently set
down as fol lows:

CAPITAL ASSETS

L i g h t i n g cost at . .
Protects

Mac hi ner/
Tools • Cost at.

Equ i pment,

2%

52%

PRODUCTION COST

L i g h t i n g cost at . . . . . . .0.3$
Protects

Material s at . . . . . . . . . 52%
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A p p r a i s i n g l i g h t i n g in terms o f f ac to r y e m p l o y e e s , trie
f o l l o w i n g b e n e f i t s a r e o u t s t a n d i n g :

i Ba i t e r lee'.ns and consequently higher production
efficient-) :

'2. Less Restrain and e\e defects, and general conservation
of vision:

3. Fi-wrr accidents with consequent less suffering of the
worker and less actual money loss due to attendant or
"hidden" costs;

4. Bright and cheerful working conditions, having fa\orahle
influence on labor turnover which in normal times ma) be
as high as 100*^ per year.

Other 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 l i g h t i n g 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 l i k e l y to occur. N a t u r a l l y
production increase is a v i t a l factor in any manufacturing branch
of industry. Everyone 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
i m p l y that all the merchandise is in perfect condition so as to
be salable with a profitable return. Spoilage to materials must
be el i m i n a t e d or held down to a m i n i m u m .

In the process of manufacturing, m a t e r i a l s must be c l e a r l y
seen so that inspection can be made as production continues.
L i g h t i n g must be adequate in prodoction areas as w e l l as in the
inspection department.

COOPER HEWITT lamps deliver the proper quantity and q u a l i t y
of l i g h t at the working level where it is needed.
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Deep i n the works
of any machi ne,
loom, lathe, or
punch press, there
are f i e l d s of
reduced intensity
wh ich I i ght does
not reach di rectly.
COOPER HEW ITT
provides more
seeing power at
these points than
any other type of
i 1 1 u m i n a t ion.

Unless I i g h t i ng
reaches these
points it is not
serving its purpose.
Operators cannot
properly see thei r
work and let defect-
ive materi al pass by

unnot i ced. If t h i s can
be avoided, the inspection

department w i l l g e t better
goods resulting in fewer

rejects and seconds. COOPER
HEWITT l i g h t i n g provides soft

even d i f f u s i o n — h i g h l i g h t s or
glare are never prevalent. This

means more accurate work with the
a b i l i t y of operators to catch seconds on the job, e l i m i n a t i n g
the necessity of double inspection.

\\e find the Cooper Hewitt lamps very efficient
for our product. \Ve find that wi th the use of this
light we can much more clearly 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 measur ing in-
struments.

D. F. C H A M B E R S .
Jf'orks Manager

The Bearings Company of Amer ica . Lancas ter , Pa.
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Inadequate l i g h t i n g w i l l be a source of nuisance insofar
as spoilage is concerned. Considering this and bearing in
mind 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 e l i g i b l e
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 l i g h t i n g with
regard to the above statement:

"Let ui suppose * new and Inproved lighting svsten !i under
considerat ion. Two method* of lighting arc proposed. The one
c la lns • saving In the light kil l of say ;i •here** th« other,
due to It* superior I l luminating qual i ty, c la ims a possltl*
saving of 11 In th« manufacturing cost b«caus« the workman may
»e able to «•»• at much tt f l»« minutes per eight hour day,
*or««rl| loit due to poor lighting.

The f i rst c l t ima a saving of Jf In lighting costs, or f i ve cents
on the d o l l a r . The other c la ims t sav ing of poss ib ly 11 In
manufacturing cost. Since for e v e r y dollar spent for light,
t3000 is the v a l u e added to the Manufactured product, the If
sevlng would amount to $30.00.

As fur as v a l u e s are concerned, the systeei which can shoe a saving
of S30.00 p«r unit of time is 600 t imes as Important to the factor;
• s the one which d«lms eieral| • s«vln^ of f i v e cents In l ighting
costs for tha a*a< 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

There is a -reat cea! of l i t e r a t u r e p u b l i s h e d showing t^e
ac/anta;es of i - p r o v e d I i ;*•*. i - 3 . "-e A u s t i n Company (Engineers
and B u i l d e r s ) reported f-at *' : " v e s t • g a t ion conducted in some
200 p l a n t s in w^ich modern '•'• 2*1 •• ~ ~ -./stems were i n s t a l l e d ,
revealed production increases fror 8 to 17%.

Class of Work Foot-Candles Production
Old New i ncrease - %

Stamping and Pressing 0.7 13.0 12.2
Semi-Automatic Bu f f i n g 3.8 II.0 9.5
Soft Metal Bearings 4.6 12.7 15.0
Heavy Steel M a c h i n i n g 3.8 I 1.0 10.0
Carburetor Assembling 2.1 12.5 12.0
Spin n i n g (Texti le) 1.5 9.0 17.G

Most of the tim e increases in production are d i f f i c u l t to
f i n d unless a very careful series of tests are conducted over a
considerable length of time. Unfortunately l i g h t i n g must be
classed as an i n t a n g i b j e factor since it depends upon the human
element in working faster rather than causing a machine to run
faster. The results are far more t a n g i b l e when spoilage or
seconds are considered since the outcome is more or less of a
physical nature.

Good l i g h t i n g affects production p a r t i c u l a r l y when manual
labor is lar g e l y r e l i e d upon for a finished product. The more
automatic the machinery the less important the l i g h t i n g in
relation to production output, but never is the point reached
where good l i g h t i n g is not a paying proposition. At some time
or other good l i g h t i n g w i l l be required regardless of how
automatic the machinery may be; when that time cones good
l i g h t i n g w i l l prove a worth w h i l e investment.

Cooper He\vitt 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 HEW IITS IN INDUSTRY

d u r i n g the past 25 years, thousands of economy and
efficie n c y tests have been made in practically all the leading
industries on f i n e and coarse work, which have proven conclusively
that both men and women can do more and better work with less
scrap and seconds, under COOPER HEWITT l i g h t . A few of these
tests w i l l b e b r i e f l y related:

1. Mid-State Cloth M i l l , Newton, N.C. Rayon Weaving
Department. Modern monitor type b u i l d i n g (Good
daylight on bright days). O r i g i n a l l y 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 b l e n d i n g rays of
COOPER HEWITT with d a y l i g h t affords better v i s i o n
duri ng the day sh i ft.

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
i nstalled.

3. Stehli Silk M i l l s stated that in normal times
their n i g h t production was 4.\% more than the
production in daytime.

4. Susquehanna Si Ik Mi I Is, Sunbury, Pennsylvania,
c l a i m they secure about 4$ more production at
night than in the daytime.

5. Woonsocket Falls M i l l s , Woonsocket, R.I., since
the installation 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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f e i l t e h i n a seven yaras, in other woras, t-ey
went four ysrcs b e h i n d w^at they had p r e v i o u s l y
dcce j'Ser incanoescent l i g h t i n g , and that
cortin ued for n e a r l y a week; then they g r a j u a l l y
ca~e jp to the o r i g i n a l production.

6. Hcieproof Hosiery Co., M i l w a u k e e , Wisconsin.
The improved production w h i c h COOPER HEWITT
brought atout in the Looping and in Holeprcof
K n i t t i n g Departments, stirred deep interest
throughout the k n i t t i n g trade. Holeproof
engineers made the report, and gave COOPER
HEWITTS credit tor a d e f i n i t e production
increase of A.2%.

7. Mi I lard Yarn Co., Ballston Spa, N.Y. Foster
W i n d i n g Depastment. Mr. Mil lard has
recorded the f o l l o w i n g data in his p a y r o l l
ledger w h i c h refers to the weekly wages of
3 g i r l s :

G i r l Earnings Earnings
Before C.H. After C.H.

M.G. $15.06 $19.71
V.H. 14.06 20.30
A.G. 13.67 24.23

No changes were made other than p a i n t i n g at the
same time COOPER HEWITTS were i n s t a l l e d . The
old system consisted of 3 rows of lamps with
150 watt bulbs, (total of 15 lamps) as compared
w i t h 8 COOPER HEWITT lamps.

8. In a large southern m i l l in a Looping Department
workers turned out 25 to 30 dozen pairs of black
hose before COOPER HEWITTS were i n s t a l l e d , and
50 dozen pairs after they were installed — an
increase in production of 50%.
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A page of testimonials proving why COOPER HEWITT l i g h t
is preferred by pace setters in the i n d u s t r i a l f i e l d . Hundreas
of other letters w i t h e q u a l l y i n t e r e s t i n g evidence are on f i l e
at COOPER HEWITT headquarters.

\ \ e h a v e used C.» rc r H e - A i T : l i g h t s fo r the pas t
n i n e ' . ea r s . One p a r t i c u l a r r a c t t h a t impresses us i s
t h a t even a r t e r a tube has burned two or three '/ears
we r."- we can see j u s t as well as when first i n s t a l l ed ,
anj by keeping our reflectors cleaned there is no
not iceable depreciat ion in the amount of l ight . \\ e
are u s i n g Cooper Hewit ts to equip the new looms we
a r e i n s t a l l i n g .

] . B. SMITH,
Superintendent

Trie Do'nerty i \Vadsworth Co., A l l en town . PJ

In 1920 we installed the Cooper Hewitt lighting
sys tem in our weave room, slasher room and long
cha in beamer room. \\ e are very much pleased with
the operation of the system. Our light bill, including
power and l i g h t i n g appa ra tus , is lower. Even without
t h i s , we would cer tainly want this system because
the operatives can do better work, especially in the
weave room, with th i s k ind of light than wi th the old
stvle of l i g h t i n g .

L. D. PlTTS,

Treasurer
I n d u s t r i a l Cotton M i l l s Co., Rock Hill, S. C.

\Ve f ind the Cooper Hewitt lamps very use fu l to
us in c e r t a i n depa r tmen t s where they not only give
genera! i l l u m i n a t i o n , but are free from the shadows
and g lare w h i c h are object ionable where we are work-
ing ' ->n pol ished steel .

\\ e h a v e one h u n d r e d four of these lamps in-
s ta l led in our Steel-Tare Department, and they are
g i v i n g us great s a t i s f ac t ion .

H a v i n g used your lamps for the past eighteen
years. \\e f i nd them verv economical. It is the nearest
t h i n e to d a y l i g h t t h a t can be produced art i f icial ly.

F R E D B I E R .
Pres. and Genl. A/gr.

The L u f k i n Rule Co.

\\ o d. • not use any i n d i v i d u a l drop lights on our
mach ines . Our work necessitates working down to
very c!"*e limits. Even on machines where we work
to - > n e h a l f - t h o u s a n d t h s of an inch, the operator
can g a u g e his work a c c u r a t e l y w i thou t eye-strain.
The e l i m i n a t i o n of drop l ights, we consider, is a
dec ide J a d ' . a n t age.

C H R Y S I . E R C O R P O R A T I O N .
Dayton l)r, i-imi

These opera t ing sav ings in r wer i n p u t , ' h e r : and
breakage are secondarv in i m p o r t a n c e to 'he im-
provement in qua l i t y of l i e n n n g t h r o u g h o u t the
shop, which has resulted in a genera l i nc r ea se in the
eff ic iency of the operation. One worker previous;-. '
t u r n i n g out 70 uni ts in nine hours is now doing $0 a
day. an increase of 14°^ that the worker a t t r ibu tes
to better l ight and to the fact t ha t he does not have
to depend on a drop light in se t t ing up and gaging
his work.

\V. M. R E I C H A R T .
Plan: Engineer

Chandler i; Price Co . Cleveland. ' '

The cost of Cooper H e w i t t Lamps, to j d e q u a - . e ! 1

light f u l l - f a s h i o n e d hosiery mach ines , i s n lv ^b-u t
-'4 of \<~~,_ of the cost of the m a c h i n e s . The be;' ':;'-,:
obtainable fo r th i s class o f w o r k i s , in our .jpirv. • • n .
Cooper Hewitt Work-Light ; and i t is ve rv c s ^ e - i t i a i
to have the best light for the work tha t car; be u*eu
The cost of the Cooper Hewit t Lamps, as c rr.ra-ej
to the other i n v e s t m e n t . ;s p r a c t i c a l h n • • • ' h ' . r . g j ' . _
we consider them a good inves tmen t .

\\ ILL! AM \EB EL.

Presidsn:
Nebei Kn:!t'.r.K Company . C h a r i r P e . X ^

We have no direct comparison of absolutely e q u a l
operations under the two different lights. The closest
comparison we have is between two loom floors. The
floor equipped wi th Cooper Hewitt lights is work ing
on more d i f f icu l t work t han the floor equipped w i t h
incandescent l i g h t . There appears an increase in
production of between 3T"j and 4°^ on the Cooper
Hewitt lighted floor as against the incandescen t
lamp lighted floor.

\\ e feel that the reduced eye s t r a in wi th the
Cooper Hewitt lights makes them worth whi l e and
we are thoroughly convinced that they do reduce the
eye strain in a great many of our operat ions.

C. H. M A S L A N D . 2so.
C. H. Mai iand i >or.-. I n c . . P h u z d e i f ; - . : ; . P-.

We rind the Cooper Hewitt lamps very ef f ic ien t
for our product. We find that w i t h the use of t h i s l i g h t
we can much more clearly find defects in ball races,
and also do i t more accura t e ly and qu i ck ly . :!.an by
the use of the ordinary t u n g s t e n l i gh t . We are aUo
able to read more clearly the tine g r a d u a t i o n - ; • >i\ the
d i a l i n d i c a t o r ? on our rnea<ur : . r .g m - t r u m e n t s .

D. F CH \ M B E R S ,
//' riv Manai

P-c I
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i. I jiTl is I C O I O M I t S

COOPER HEW ITT LIGHTING INEXPENSIVE

E a r l i e r in t h i s section l i g h t i n g was shown to represent
only 2$ of i n i t i a l investment and 0.35 of operating cost. This
is indeed an excellent way to chast the low cost of l i g h t i n g tut
there are more convincing ways to prove the economy of l i g h t i n g
in a practical manner. A few of the more prominent conditions
w i l l be I isted.

1. The cost of l i g h t i n g averages about l£ cents per
man per day — which is equal to the cost of about
2 minutes of a man's t i m e — the time it takes to
get a drink of water.<

2. There are 480 minutes in an S hour day — a waste
of 5 minutes ( \% of 8 hours) w i l l pay for l i g h t —
l i g h t i n g costs less than \% of the payroll —
consequently l i g h t is cheaper than 5 minutes of a
workers time.

3. The average l i f e of a COOPER HEWITT tube is 6000
hours — 25 cents per month — or I cent per day.

4. The cost of operating a COOPER HEWITT lamp is
about I cent per hour.

o. A COOPER HEWITT lamp w i l l l i g h t 150 to 250 square
feet of floor area — p r o v i d i n g good i l l u m i n a t i o n
for 4 or 5 men.

5. The total cost of l i g h t i n g 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
10% on l i g h t i n g — they m i g h t save I cent per
car — if the 10% was applied on good l i g h t i n g —
production would increase \% — resulting in a
saving of 25 cents per car.

8. One COOPER HEWITT lamp l i g h t s machinery costing
$5000.00 to $15,000.00 — at a total cost of
approximately 2 cents per hour.
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USHTI I6 C C O I O M I C S

COMPARATIVE COSTS OF LIGHTING AND MACHINERY

Cost of Li g h t i n g

S 2 5 . 0 0 ptr unit ( C O O P E D H E » | T T I imp I

lnttr.it ( 6 * 1 . . . . . . . . . . . . . 5 1.50

O.pr .cUt ion (1011. . . . . . . . . . . 2 . '0

C u r r e n t (2000 « . " J O i . O I V - . . . . . 1 } . 5 0

Tub* m«int«nanc. (2000 /6000 « 10.301. . 3 .60

T o t « l cost p*r 2000 hours . . . . . . . S21.10

T o t a l op.rat ing eoit p .r hour . . . . . 0 .0105?

Cost of Machinery

S 2 * , Q O O p . r unit ( K . l l . r 01 * S i n k i n g M a c h i n a l

Int.r.st ( 6 * 1 . . . . . . . . . . . . . J l«OO. n C

0 » p r » c i « t l o n (10*1. . . . . . . . . . . 2 5 0 0 . 0 0

Mi int tntnc . ( I n c l u d i n g Too l i , O i l ,
• tc . I « i t i «< t td . . . . . 200.00

T o t a l cost p . r 2000 nourt . . . . . . . S»?00.00

Tottl op.rttlng cott p.r Hour . . . . . 2.10

Cost of

Cost of Labor

l a b o r p.r hour. . . . . t 1.00

The above comparison can be a p p l i e d to v a r y i n g prices of
machinery by rough approximations. If 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 w i l l probably be close to that g i v e n for s k i l l e d
labor. These actual figures prove conclusively that l i g h t i n g
represents o n l y a small fraction of the total shop expenditure.
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I i >THS CC010X '

PRACTICAL COOPER HEW ITT LIGHTING

EXAMPLE NO.

Above is shown a close-up of six K e l l e r e l e c t r i c a l l y
operated automatic die sinking machines in the Forge Plant of
Dodge Brothers (Chrysler subsidiary), which copy impressions
as intricate as engravings. Note how thoroughly l i g h t e d these
machines are top and bottom — and a d i f f i c u l t vertical plane
t o I i ght, too!

rhere are 456 COOPER HEWITT lamps in this i n s t a l l a t i o n ,
arranged 6' x 12' and 12' h i g h at about 4j watts per SQ. foot.
Each $25,000 machine is li g h t e d at a cost of approximately
2 cents per hour; and that covers current, renewal tubes and
p e r i o d i c c l e a n i n g of lamps. Twelve cents per hour represents
the total cost of l i g h t i n g perfectly a group of six machines
worth $150,000.
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LIGHT us

EXAMPLE NO. 2

' " I S , ^ t J ' i S-0
•- j : it :" i j e '« : T : t ' j '« :<, ^«s i c « » n c t ti

01 t»t i«i I I
i I i t y

COOPER HEUITT I i^f>'. '0 r tJuct thit numotr
• pu* i t i n t o '.'* c o u n t r y ' s l * id ing ' i l|». l t»
• s u p j r l o r t f » o ^ j ^ n t , i ts j c i l i t j to p i , for

J i rs tM unqu«5t iOntJ.

•|f

Above is a close-up of a Seamless Kn i t t i ng Macn ine . Modern
machines of this type are pr iced at $470.00 each. O r d i n a r i l y one
COOPER HEWITT lamp w i l l l igh t e ight k n i t t i n g machines. Thus, the
investment in mach inery is $3760.00, against $25.00 for l i g h t i n g ;
represent ing less than 3/4 of \%. The f i rst cost of a COOPER
HEWITT lamp per mach ine is $3.12. A sav'ung of on ly I cent a day
w i t h bet ter l i g h t i n g w i l l pay for the investment in a years t ime.

Other examples of a s i m i l a r nature can be c i ted for every
department where industr ia l work is carr ied on. Exceed ing ly smal
increases in production, reduced seconds and spoi lage to
m a t e r i a l s w i l l pay for COOPER HEKITT l i gh t i ng in a s u r p r i s i n g l y
short t ime.
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I I i • * i » i 1 C D I : • C !

OFFICE AND PRODUCTIVE AREAS

are

ar i son between General ~ f f i c e areas ana production
r e v e a l seme very i n t e r e s t i n g p o i n t s . Some of t^ese
:~ c o m p a r a t i v e n u m e r i c a l order celow:

O f f i c e • N o n - p r o d u c t i v e '

1. C c m p r i s v S 21 of * I ocr »r . a

2 . g e n e r a l c o m f o r t : i r . f j i i r c o n s i d . r e a

a. jood d i f f u s e I i jfi t i n j

b. C i «an mi*do*s

c. C l e a n I i 3 n t •-. Ms

d. Co»f or tab i e c* -• ir s

pneuirat i c k e y s

J. S t e n o g r a p h e r s p i i 2 $ 2 * . j r > to $30.00 1 »«ek

5. " a t j r i a t us«d, s r o b i s i j «? c « n t s a j - .1

( • S p o t l a ) « t o f * 4 t h r i a < s

a. flond p ^ p e r

b. C a r b o n pap«r

T . M O p r e c a u t i o n a r y * e a s u r « s o f p r e c i s i o n work

9 . >o h a t a r d o u s o p a r a t i o n s — a c c i d a n t s u n ' i i a i /

9 . O I V I O E N O S — l i t t l e or nona

Factory ( P r o d u c t i v e )

1. C o m p r i s e s 981 Of Mocr ir.i

2 . » « r y l i t t l * coa 'or t p r o v i d e d

i . S^al l p « r e a n t i f a o f f a c t o r i e s n a » t good
I i 3 h t i ng

b . C o n d i t i o n s u s u a l l y n o t c l t a n

c . C h a i r s o r s t o o l s r a r e f i i t u r a s
d . ' a r t s h a n d l e d u s u a l l y s t e e l

J. S k ' t i l o d l a b o r f a i ^ 5 ** ?. 00 to S 6 0 . T O a »oek

t. M a c h i n e s «or t h 12^70.? '? to J25 .000 .00 « a c h

«, H 4 t e r i a l s used »o r t n S ' .OO to $ 5 0 . 0 0 or «ort

6 . S p o i l a g e ' t o m a t e r i a l s

a. C o s t l y m a c n i n . 3 pi.c.l

3 . £ < p e n s i » e c - s t i n ; s

T . A b u n d a n c e o f p r e c i s i o n *ork c o n s t i t u t i n g

I ar je e i p e n s e
3 . M a n y r a z a r a o u s o p e r a t i o n s i n v o l v i r . j c o n s i d e r a b l e

e x p e n s e c n e r g e d t o
a. A c c i d e n t s d. L o w e r e d »or a.' e

b . 9am»e,e t o m s c ^ i n f e s e . u n n e a t t n y c o n d i t i o n s

t . L a r ^ e teoor t u r n o v e r

9 . D I V l O t K O S - - r e p r e s e n t s p r a c t i c a l l y 1?0<



General Orfue ar.d \ X ' o r k s — H . - S > k t n N J.. I" 5 A

GENERAL tjjj) ELECTRIC
VAPOR LAMP COMPANY

HOBOKEN, NEW JERSEY, U.S.A.

A T L A N T V GA.: 18~ Spring Sr.. N'. W.
BOSTON MASS.: 2^0 Stuart St.
CHARLOTTE. N C.: 200 S. Tryon St.
C H I C A G O I L L . ?" West Van Buren St.
C I N C I N N A T I . OHIO 10"7 East Fourth St.
C L E V E L A N D . OHIO 1565 Ontario St.
DETROIT Mien. . 3044 West Grand Blvd.

H O L L Y W O O D C A L I F . : Kct.->t Ep.c.nCi.:
~ ? S O Santa Monica Bivj.

PHILADELPHIA. PA.: 42; Clx^irut f t
PITTSBURGH. PA.: 30" F;::h Av;
ROCHESTER. N. Y.. IS? Ma:.-. St. Ea^.:.
SAN FRANCISCO. C A L I F . . Kct-c E r - ^ : n

":- Market St.
ST. LoL'ii. Nfo . . 61 i Olive St.
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