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t8 \[ar Production Men
report what h"ppened

GREATER AGGURAGY

SHELL FUSE manufacturer: Production increases of
from 25 to 50 per cent as result of better inspection
and more efficient machine operation.
MOTOR TRUCK manufacturer: Workmen read mi-
crometers and scales more accurately.

TEXTILE manufacturer: Better Lighting a great aid
in color matching.

LESS SPOILAGE

ROLLER BEARING manufacturer: Grinder operators
spot iriproper grinder performance more qui-kly and
can correct it before work is spoiled.
ELECTRICAL EQUIPMENT manufacturer: Better
lighting accompanied by five per cent reduction in
effofs.
FACTORY OFFICE: Reduction in office errors as
result of lighting,

FASTER SEEING

HEAVY MACHINE TOOL BUILDER: Better light-
ing reduces time required to rebuild a machine.
EI,ECT.RICAL EQUIPMENT manufacturer: Time re-
quired fot machine set.ups reduced.

AIRCRAFT PARTS manufacturer: Less time lost by
workmen hunting for tools.

EASIER SEEIT{G

LAMP manufacturer: Time for training oew wotnen
opefators greatly reduced,

SMALL MACHINE PARTS: Men can read scales and
blueprints more easily at night than by daylight.
FACTORY OFFICE stafr: Unable to keep up with
iocreased work under old lighting, but now work
is done without undue efiort.

.J
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INCREASED SAFETY

ORDNANCE PLANT: Increased safety, especially
when breaking in new labor.
SHIP BUILDER: New lighting reduced blinding effect
of flashes from welding iorches.
TEXTILE manufacturer: Decreased frre-hzztd.

DECREASED FATIGUE

MACHINE PARTS manufacrurer: Men on night shift
gained weight.
AIRPLANE PARTS manufacturer: Morale improved;
fewer yard fights.
AIRPLANE PARTS manufacturer: Fewer headaches;
aspirin tablet consumption decreased from loo0 to
6O0 tablets per month.

ouben lighting uas i*Proaed

tff ar Production Executioes !
The 18 comments summarized on this oase
are typical of the wide range of benefits re'suIt.
ing from lighting improvements.
Lighting may seem like the least of your
problems. But it may be the answer to some
of your otber problems. Ve'd like to take the
lighting problem offyour shoulders, by send-
ing a Sf'artime Lighting Counselor to check
your lighting and show you how it can be
improved with the least possible use of criti-
cal materials. Call youi nearest G-E lamp
office, Or see your GIE hmp supplier or you'r
electric service company. General Electric,
Nela Park, Cleveland, Ohio.

{ These re/orts dre tbe resalt oJ a suraey oJ utarplants ma.de under the direction
of a special committee oJ tbe Illaminating Engineering Society a non-profit
proJessional organization ol rte nation's leading ligbti"C aatborities, Interoieus
utere made b1 teaclters oJ illaminating engineertng oJfioe leading tecbnical colleges,

G.E MAZDA LAMPS
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A $ummary ol Limitation Order L-78 as Amended

August 18, 1943-By DoN rutrEu

*

L-78 AMENDED IN IMPORTANT RESPECTS

An Amended L-ZB Order was &pproved, a,nd is now in the hands of
the printer. In due time it will be sent to those people on WPB's ma,il-
ing 1i-st and will- be ava,ifable at WPB Field Offices, but in the mean-
time, here are the important changes incorporated in the Amended Order.

SATE WITHIN THE INDUSTRY

After September 1st, manufa,cturers ma,y not seLl to wholesa,lers
or dea,1ers, or wholesa,lers may not sell to dealers except pursuant, to
properly rated orders. This stops the uncontrolled flow of fl-uores-
cent equipment within the ind.ustry, which heretofore has been permitted
to help move frozen stocks. These stocks are now practica,lly liqui-
dat,ed, so after September l-st the "1id" goes back on. After that date,
wholesalers can mainta,in stocks on PD1X applications under the pro-
ced.ure set uP bY L-63.

IIANUFACTURE OF COUMERCIAL I'NITS TO BE RESUMED

Until December l, 1949, manufacturers ma,y ma,ke "non-industrial"
fluorescent fixtures only upon written authorization of I{IPB. After
December 1st, no distinction between "ind.ustrial" a,nd "non-industTW
will be made a,nd consequently the so-ca,ll-ed commercial fixtures can
be made without a,ny authorization a,nd sold on orders bea,ring A-]-J,
or higher, ra,t,ings. Since there is no distinction, commercial fixtures
obviously will ha,ve to comply with L-78 limitations as to weights of
meta,l, types of fixtures, etc. Setting the date a,t December l-st is to
give manufacturers who want to make commercia,l type fixtures ample
time in which to tool uP, etc'

IIETAI. FOR CI.OSED ENDS

Manufacturers may apply by letter in duplicate to l{PB for
permission t,o use metal for ends, baffles, shields, louvers, et,c' (For-
merly a,pplication wa,s ma,de to Direct,or General')

But no such authorization is needed in t,hese ca,ses: (1 ) Fix-
tures specially designed and oonstructed. for use on board ship, (2) or
in hazardous locations as defined by Pa,r' 5005 and 5006, Art. 500, N. E'
Code 1940 edition, (5) or for operation of 400-watt and $QOO-watt
mercury vapor tubes, or (4) for ind.ustria,l portable equipment.

FURTHER RESTRICTIONS ON UETAL I{EIGHTS

Except for the uses and types of fixtures d.escribed in the
preceding para,graph, a,4-Ia,mp,4O-wa,tt fixture ma,y not use more t,han
6 pounds of ferrous meta1. This type of fixture was not included in
previous orders.



CERTAIN TYPES OF FIXTURES EI.IMINATED

After september Bth, and in the absenoe of written authoriza_tion f rom IrvPB, no bne sha,lI tr=e 
",rry 

f errous *ut"r -in trr. manufacture ofthe following types of fixtures: (1) A singl.-ra*p, unit fixture using6O-watt tubes or larger, (?) fo.o.r or more tubes of'any wa,ttage, exoept40 wa,tts, arranged in pa,ra11el, (5) a oontlnuorr" 
"ori_? sinel-e i"uu"-or

anY wattage, (4) two or more tubes arranged in paralIel to:nuorr" ro*"using a,ny tubes other tha,n 40 and l_00 wa,tts.

PD 550 APPI,ICATION ELIIIINATED
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0n the a,ssumption that retail stocks of "frozen,' units ha,vebeen cleared out, the use of Form pD bb6 requesting permission iorunrestrioted sale at retair ha,s been discontinued. -rf such permis_sion is desired, an appeal by triplicate letter may be filed *ith l,lipB,Building Materia,Ls Branch, Washington.

NOTE The foregoing interpretations are our ownr based. on a,ful1 discussion of the order with utETepresentatives.
I_n short, the purpose of the Amend.ed Order ii to reco gnize,
(1) that the emergency conditions created by 1a,rge frozeninventories are over, (Z) that "commercia,1" fixtures havean "essential" application in the war effort, and tha,ttherefore, (5) there is no further need for distinctions
bet,ween indust:iial and non-industrial unit,s, either asto manufa,cture or sa,le.
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What's AHTAD in LIGHTING
f

IJNo.n this title S. B. Williams, editor of EIec-
trical World, has offered the results of a search-
ing study on the prospects for the renewal of
lighting development after the war. This
thoroughgoing study, first appearing in the is-
sue of luly 24, has been reprinted as a separate
text, and, in this handy form will doubtless be
the reference basis for many plans to be pre-
pared during the next twelve months.

The inclusive nature of Mr. Williams' views
on What's Ahead in Lighting can.be realized
by a listing of some of the fields he has dis-
cussed with a word or two of his expectations
about them. For real consideration of prob-
lems and opportunities coming soon, a careful
reading of the complete analysis by Mr. Wil-
liams is recommended.
Design: Trend towards simplicity . 'great

forests of large hanging fixtures do not
harmonize.

Practice: Comfortable lighting is the criterion,
layout adapting standardization to the spe-
cific iob.

Education: Not only lighting salesmen, but
everyone who is" a party to new installations
needs a better appreciation of what to sell
and'what to buy in lighting, and why.

Wiring: From the war . new ideas on wir-
ing and voltages for lighting circuits. In-
ertia that coupled 110 volts to lighting so
long as filament lamps were used appears to
be broken.

Sources: Light source of the future is definitely
fluorescent with continuous improvements.

Markets: Virtually everything prewar is. ob-
solete, or will be by the time we get around
to it.

Filament Lamps: Still offers much for relight-
ing to new design . . . still important in
home uses.

CoId Cathode: Winning friends and influenc-
ing design features. High voltage is a major
hurdle.

Fluorescent Improaements: Starters, Ballasts,
Life, Output, Sizes-all these elements may
be expected to record advances.

Tomorrow's Recommend.ations: Higher foot-
candles achieving new standards of comfort
in all fields. Quality considerations will be
met before advances are relevant.

Tomorrow's Utilizatiort: Higher and with re-
gard for regular maintenance, and psychol-
ogy of color distribution.

Efiect of War Limi.tations: Encouragement of
better and advancing standards. Little
chance that conservation for war purposes
wiJl develop a postwar trend.

Commercial Lighting: Small stores including
gasoline service stations will present im-
mense demand. Larger stores, of course,
will return to former emphasis on lighting
with keener interest.

Industrial Lighting: Warplant standards will
revise postwar practice upwards as millions
of workers now regard lighting conditions
as definite job factor.

Home Lighting: New ideas on housing and
home building offer strong encouragement
to new design.

*
Figuring llorizon l)isJarrees

How Iar can your lriend in the Air Forces eee from
25,000 feet up? Pilots as well as airline passengers
often woniler how far they can see from upstairs, Dis-
tances at altitudee are even more.deceiving than on the
surface at sea level.

Clipper pilots, attempting to answer queries from..
passengers, and to justify or deny such claims of long-
range visibility from various heights, came across the
surprising {act that practically no one knows how far
you can really see. With that fact in hand, the Pan
American Clipper captains got together, went through the
research files and produced the ecientific answer. They
call it the Clipper Captain's o'vision-range" formula.

The actual curvature of the earth for the first mile
is about nine inches, and increases thereafter at a rate
approximately equal to the squaie of the distance in
feet. If approximate curvature of the earth lor .any
distance is wantedo multiply the square of the distance
in miles by .67. The. answer will tell you how. much
the earth his curved under at that point. For example,
the surface of the earth 10 miles lrom where you are
standing is 67 feet lower lhan you are.

On the surface of the sea, at eye level, the range of
vision is only 2.9 miles. On land, since the earth iteelf
varies in altitude, the range of vision is alwaye at least
the same 2.9 miles plus the distance reflected by alti-
tude o{ the individual and the object's altitude.

\Fith that backgrounil, the Clipper Captains finally
worked out the following oovision-range'o formula to tell
how far the average person can see from various heights.

The range oI vieion is equal to the square root of
the altitude-multiplied by 1.225 miles. For exampleo
at 1,000 feet, you can see lor 38.8 miles. From 10,000
feet you can see for 122.5 miles. And for those -who
are somewhat rusty on their mathematics, the Clipper
Captains compiled a table:

From
From
From
From
From
From
From
From
From

1,000 feet-you can see- 39 miles
2,000 feet-you can ree- 55 miles
3,000 feet-you can Eee- 6? miles
4,000 feet-you can 6ee- ?7 miles
5,000 feet-you can see- 87 miles

10,000 feet-you can see-123 miles
15,000 feet-you can see--150 miles
20,000 feet-you can see-173 miles
25,000 feet-you can see-194 miles

Scierrce Neuts Letter, June 5, 1943
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U. S. DIPARTMITIT Or IABOR
Endorses American Standards Association
Recomnendations on Lighting

Brpnooucnu on this page is the cover of the
Department of Lab.or's edition of the American
Standards Association's Recommendations on
Industrial Lighting. The first inside page of
the publication is also reproduced showing the
remarks of the Department of Labor official
transmitting the text to the Secretary of Labor.
Most actively engaged lighting men are famil-
iar with the A. S. A's Recommended Practice.
As one of the mbre than twenty national scien-
tific business and government organizations
comprising the Association, it was a natural
consequence that the Department of Labqr
would endorse this reference in the cause of
improved working conditions and better pro-
duction for the war effort.

Practically every phase of sound, contemporary
industrial lishting practice is covered in this
edition of thc A. S. A. manual. Lighting
men everywhere will find this official Labor
Department aid on lighting a helpful rclercnce
in their work.
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Gross Gear & Machine Gompany

Adopts 3KW Units in Main Plant Area
By T. P. BROWN, Engineer, Michisan Division

THa .ouer illustration for this issue shows an
outstanding industrial lighting installation of
the war period. In the last three years advanced
industrial lighting practice has won more ac-
ceptance than in the twenty years before 1940.
Many of the best installations of the war expan-
sion have been in the great production center
of Detroit. In this metropolis of mass produc-
tion the H. E. Beyster Corporation has coun-
seled and built for indusry some of the most
completely integrated warplants in the nation.

The plant of the Cross Gear & Machine Com-
pany, Detroit, is a good example of this
company's recognition of advanced industridl
Iighting and the effective work of their engi
neer-architect counsel.

The main area is 53 feet by 266 feet and the
ceiling is 35 feet high. The area of industrial
floor space which is devoted ro vital high-pre-
cision war work, required much better than
standard practice levels of illumination to do
the work with the highest efficiency of man-
power, rnaterials and machines. A general
lighting system of special characteristics in
tennr; of quantity and quality with a minimum
maintenance responsibility was what the situ-
ation needecl as Beyster representatives and'
Cross Company officials concludecl their stud.ies.

A combination system was used in this low-bay area with
a 400-watt H1 and three 200-watt filament lamps in each
pair of reflectors.
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The sketch above shows a section of the main area, indi-
cating the location of lighting units with relerence to lhe
disposition of transformers. The sketch, right, shows a plan

of the main area lighting lor one bay.

Lamps are conholled in banks of 3 to 5 through this com-
pact panel (below) of switches.

l
\

H-9 LAMP & FIXTURE

The result was the installation shown on the
cover. There are 39 units employing 3000-
watt G-E lamps.

The lighting load with ballasts adds uP
to 122,850 watts which averages out to nearly
9 watts per square foot. The footcandles on
the work level after eight months measure ll0.
Day Brite fixtures with a cutofi of 28 degrees
were used.

Electrical service is 480 volts, 3-phase, 3-wire.
The transformers are 480 volts primary wind'
irg. Lamps are controlled in banks of 3 to 5

through switches shown in the accompanying
photo of the panel. All lamps are "phased
out" to minimize stroboscopic effect.

Cross Gear & Machine Company executives,
Ralph E. Cross and C. R. Parsons, have long
been convinced of the necessity of advanced
lighting for the most efficient plant operation.
Wartime conditions have emphasized their con'
victions. When the architects and engineers of
H. E. Beyster Corporation were consulting on
the lighting of the plant they found a very
sympathetic and understanding client. L. W.
Saltz of the latter organization, had charge of
the design specifications and the installation
of the electrical work. The completed job in
operation is a special satisfaction to him, be-

cause his own organization and the client's
officials and personnel are trgreed that they
have what it takes in lighting to make the maxi-
mum war efiort.
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C0l,0R in IACTORIES.
Onnretttt" one postwar clevelopment in prog-
ress for industry is a matter of color in plant
housekeeping. .Its aim is efficiency through
satisfying distributions of color. The convic-
tion that quietly cheerful combinations of hues,
shacles and tints evoke a more substanti4l ef-
fort by workers on the job, is growing with
plant managers. The addition of large num-
bers of women to industrial payrolls has em-
phasized the potentialities of color techniques.
Now the steps to be taken are the perfection of
such techniques, with the head, rather than the
heart, dictating the proces$. Preferences in
color are often one's own choice for what we
think otherb should have. Flowever, color in
industry, on a practical basis, avoids the ro-
mancing of home decoration.

The primary objectives of color applications
in industry are the conservation of energy and
minimizing of hazards. The resulting appear-
* An article which presents a detailed analysis of this subject

was presented recently in the Sight Saving Review, Vol.
XIII, Number t, The article is based,on a paper by Faber
Birren, well-known industrial consultant specializing in
color. His paper, "Color in Industry,r' was-given ai the
Greater N€w York Safety Conference.

ance shoulcl be attractive with such aiins, but
it is not the express purpose of the project.

Col.ton in a recent article by its editor, Robert
W. Philip, cited a number of well-known tex-
tile mills which have successfully applied color
for'industrial efficiency. Some of the natural
color photographs reveal a trend which r4ay
come to be one of the best expressions of the
rising standard of working conditions in this
industry.

It takes an advanced industrial society to pro-
cluce workers capable of making so substantial
a response to eye-satisfying conditions that
extra production absorbs the expense of the
project. Yet this is a deirelopment which was
probably bound to follow the policy of superior
lighting in advanced textile plants. Good
lighting shows up dirt and grime. A plant
cleanup is the next step. To insure maintained
cleanliness a lot of white paint is the next event.
in sequence. From this stage the move to
utilize distribution of color as a complement
to good lighting is natural.

The repetitious character of most industrial
jobs argues the case for color to minimize the
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The outline illustrations were derived from full'color repro'

ductions of scenes in the Lafayette plant of the Avondale
Mills as printed in the June, '1943, issue of "Cotton." Recent

practice in the latest warplants has emphasized the advantages

of white cement floors. This very desirable factor would

pose a ptoblem in older industrial plants.

effect of job monotony. So in the same spirit
that music-on-the-job has been adopted in some

plants, we turn at last to color.
"It is apparent," says Editor Philip, "that

only by the use of interior finishes having a
fairly high reflection factor (60 per cent or
higher) that a satisfactory utilization of light
can be attained.

"Machines must not be overlooked in any

light-salvage program, for the average machine
in the average factory absorbs 94 per cent of
the illumination thrown uPon it, reflecting
only 6 per cent.

"White-with a reflection factor of 85 per
cent-has been found both experimentally and

in actual use to be the most $atisfactory ceiling
finish. It reflects a maximum amount of light
from natural or artificial sources' Because the

ceiling represents the most important light-re-
flecting surface of any industrial interior, and
is not continuously in the line of vision of the

employee, it should be finished with a paint
with extrernely high reflection Power' .

"Wall areas'from the dado to the ceiling call
for specially designed hues. Color tones pro-
viding a cool color of' high light-reflecting qual-
ities and reducing severe brightness contrasts

are recommended in these areas. The dado

color may be darker in shade but should pro'
vide a complementary contrast to the uPpel
wall color. 

- 
Accident hazards are identified

strikingly in bright red-as a supplement to
mechanical safeguards, in revolving pulleys
and wheels, fire-fighting equipment, etc.-in
fact, anywhere to emphasize cautious Preven'
tive action."

Mr. Philip encourages the thoice of a high-
visibility yeilow to identify objects that need

to stand out on moving equipment that must
be avoided by the employee. Electric trucks
and boxes moved through the mill are other
examples of equipment he recommends painted
in this color. -For controls or starter harrdles
he suggests either red or a high-visibility y-ellow
to emphasize their importance to the 

-emPloyee,
thus minimizing errors in starting and stopping
machinery. For the colors selected for uPpe1

walls, dadoes and machinery, he urges ncobl"

colors, i.e., blues and greens, to create the illu'
sion of space and airiness.

Prgo 9!lo. 5 ISSUE' l943



In many mills, Mr. Philip observes, a well-
designed lighting system is robbed of its full
effectiveness by dull colors in ceilings, walls
and floors. As an antidote there are many color
combinations which may be used to yield divi-
dends in terms of better light, better sight, and
better morale. The combinarions used, for in-
stance, by the Avondale Mills in the Lafayette,
Alabama plant, are good examples of textile
industry progress. Plant executives have found
the results of their preliminary program so sat-
isfactory that more extensive applications are
being made in other units in the group. A
two-tone blue-green wall combination, in the
Callaway Mills, LaGrange, Ga., is reported to
have won much employee appreciation in con-
nection with a general program of color dis_
tribution.

. While the changes of the business cycle pro_
duce a cycle of changing influence from diher-
ent departments of management, the sum of
each era of experience in the U. S. has been
a rising standard of working conditions. Who
would have surmised B0 yelrs ago rhat a day
would come in industry when it would be seri_
ously contended that the use of color in produc_
tion would be an element of 'fself-liquiiating"
plant conclitions in the interest of ^profitable

operation? But 30 years ago no one could
have estimated the all-aroundadvances in tech-
nical perfection, and the tendency of industrial
maturity to find that product approval begins
with the production processes.

The most modern plants in America, born
of the war effort, are not only capable of turn-
ing out fine industrial products, but their op.
eration is designed to utilize the maximum en-
ergies of equipment and personnel. Inclustrial
lighting programs have been undertaken with
understanding of the several ways in which
they bear upon successful plant operation. The
maintenance policies which have gone along
with 

-so 
many warplant lighring jobi speak foi

the thoroughness with which t[e-visuai side of
the.work-world is getting recognition. Beauty of
design .is a regular feature of our impresiive
industrial skill. We appreciate that clian effi-
cient design will eventuate in good looking
products. Where such products are made to
extremely close tolerances, as is often the case,
it cannot be permitted to encourage less than
the highest critical regard for the Jteps in the
production process. Clean, skillful distribu-
tion of color is not an effeminizing reflection
upon the environment of honest work. It is
simply one of those ultimate refinements of
the advanced industrial process.

***
-9[ g"u ,ee d Sh.attetel Sollier-
Lor*"o with a shattered* soldier vesterdav . . . a soldier
whose. broken body is here, but whose future may be
buried in the muck and heat and stench of the Solomons.

It was hard to get him to talk about the waf .. . about
whether he thought we business men were doing our share.

He seemed hesitant about criticizing or complaining
. . .-Yes, he thought war production was go"ing along'marvell
ously. No, he believed there wasn't much hJcould-suggest.

But I.kept trying to see whether, down under the sur-
face, there _were a,ny things which rankled him . . . things
that a -soldier, who has looked into the eyes of death,
might feel were queer-or out of place-in a business
world at war.

Hesmilinglyfendedofi my questions until I asked him--
"Do you think that euery business man is goinq to be
proud of his record o{ service when this wai is 6ver?r'
"Well, I dont know," he said ^and the smile left hisface. He leaned forward -in his chair, and nervously

opening and clenching his hands, remarked:
"I'll say this -and then I'll shut up. I was a salesman

. . . when I came back, I naturally visited my own com-
pany. I was proud to see the war'work they were doing,

"But when I found out that one of the big shots didn't
seem to care.too much about helping end. the war sooner,
or what the cost in lile and happiness was going to be. I wasn't so proud-I was burned up,
. "You know when you have been down on your knees

wiping the blood ofi the face of a dyins buddv . . . and
holding his hand, trying tr-r help him thiough it . . . yo..
* shell-shocked, crippled, malaria victim

wonder- why there would be anybody in the world who
wouidn't be giving. every ounce-of his energy to getting
this mess over -and quickly.

"And yet, some men seem to be mainly concerned over
their sales figures. You find others who are ,posl-war
planning,' not with the idea, of.making jobs for tlre boys
who'll come back, but_with the thought-oi making it tough
for.competitor.. Aqd, I've met plJnty who are" Joing"a
lot less.than they really could. Y-et, how they love to t"alk
about the ferv things they are contributing. 

-

"It's. . . well . . . I guess they just don't understand."
I shall never forget this shattered soldier. He had al-

ready done far more than his share. He made me search
nly goll to see if I was doing all I could. Not a matter
of doing d little--or even quite a lot-but a matrer of
doing all I can.

A matter of helping increase prr_rduction to the limit
. a matter of helping get out more . . . at less cost ,
a-matter of keeping at it day in and day out a matter
of l.iving with one's self, when rhis war l. ou"..

So. if-you_see a shattered soldier, perhaps you will say
to yourself, "I have reason to be proud of titat-soldier. . .I wonder i{ he has reason to be proud of me?"***
No6ody knows how long the zoar will last. It can last
a long timc,

.. .lsn't our job, in the lighting ind,ustry, to see to it that
light is helping end, the war sooner? 'it,s a day-in and
day-out job.

. It's.a job that won't be d,one-till the hour ol the finalArmistice.

By H. F. BARNES

***



LIGHT SOURGES and UTILIZATIOI| 
.

BV WALTER STURROCK, Nela Park Ensineerins Dept'

T nr War Production Board today controls
the distribution as well as the manufacture of
lamps. You are all familiar with their plan
of priority ratings to control the distribution
of manufactured products and this makes the
supply of approved types of lamps and ap-
proved designs of lighting equipment available
lor a controlled distribution. The three light
sources which are of most concern today for
lighting war production areas are filament
lamps in the usual range of wattage sizes, fluo'
rescent F type lamps in 15 to 100-watt sizes,

and mercury Type H lamps in the 400- and
3000-watt sizes. An example of curtailment
for industrial use is the elimination of the
Type RF fluorescent lamp for new installa-
tions. This lamp can, of course, be obtained
for replacements in existing circuits.

General Lighting
If one visits the architects and consulting

engineers who have designed the lighting for
many large war production plants he will hear
rnany lengthy discussions and review masses

of figures, all of which have to do with an hon-
est efiort to make the best choice of lighting
system including the light source, type of
reflector, size of branch circuit wire, switches,
panel boards, weight of transformer, and other
items for specific areas when all the conserva-
tion suggestions are carefully considered. It
is, however, recognized that the 400- and 3000-

watt high-intensity mercury lamps, having an
efficiency of 40 lumens per watt, are essentially
for high mounting, and that to improve the
color quality of the light as well as Protect
against periods of darkness or semi-darkness
these *ercury lamps should preferably be used
in combination with the higher wattage (20

lumen-per-watt) filament lamps so that the
latter provides about half the total lumens.

But-what about fluorescent lamps?-Should
they be mounted 40, 50 or more feet above the
floor? Opinion in Washington now appears
to look with some disfavor toward such high
mounting of fluorbscent lamPs becausp the
maintenance of such a lighting system with a

great many units is less simple than if a few high
lumen output units are used. However, in

those high-bay areas as well as in low-bay areas

where iiis desirable to reduce to a comfortable
degree the specular reflections from the work,
it may be to advantage to install large-area low-
brightness lighting units. In this.respect I want
to emphasize one of the outstanding contribu-
tions lrom fluorescent lamps, the low bulb
brightness. Fluorescent lamps with their in-
herent low brightness are a "natural" for use

in those areas where specular reflections from
polished surfaces are encountered. Moreover,
iin.e " 4O-watt lamp together with its auxilia'
ries has an efficiency of 42 lumens per watt-
more than double that for a filament lamp-it
isn't at all surprising to find the 40-watt fluo-
rescent lamp at the top of the list of light
sources used in low-bay production areas, and
in order to get the most light from an existing
wiring system, one would certainly consider the

use of fluorescent lamps.

Supplementary Lighting
With the more general acceptance of illu-

mination levels of 25, 30 or 40 footcandles in
production areas, we often fail to give ProPer
ionsideration to some of the more critical see'

ing tasks which may be found within a giv91

"rea. The I.E.S. American Recommended
Practice of Industrial Lighting as approved a

year ago by the American .standards Associa-
iion, specifies a minimum of 100 footcandles
for such tasks as extra fine bench and machine
work, and it suggests the most economical way
to provide such lighting is by general illumina-
tion plus supplementary lighting at the $'ork
point. Have we forgotten to build uP the il'
iumination at these most important locations?
The War Production Board recognizes that
supplementary lighting units are often required
in- brder to satisfactorily solve some of the
wartime lighting problems, and I am sure the
intent of the Limitation Orders on both fila-
ment and fluorescent equipment is not to limit
the use of supplementary lighting where needed
in war production areas. In several manu-
facturers- catalogs we, therefore, find industrial
portable lighting units of various designs for
both filamint and fluorescent lamps. Such
units should be properly designed not only to
control the light effectively as to amount and
direction but also for shielding to eliminate

* From a

of the
paper given at the East Central Regional Gonference
I.E.S., June 9, 194t.
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. glare. Large-area low-brightness supplemenrary
units are the answer to many local lighting
problems involving the inspection of shiny sur-
faces on machines, tables; and workbenches.
For these applications fluorescent units are
rapidly becoming. the first choice and in my
opinion their use will be greatly expanded
under postwar conditions. On the othei hand,
there are certain conditions where a high level
of illumination musr be carefully direited to-
ward the work surface and for this purpose a
choice can be made from many available de-
signs of low-wattage filament units which can
be located clope to the work. If, however, the
lighting units are to be located at a distance
from the work, they should be of the spotlighr
or floodlight design. Low-cost units of thise
designs, utilizing a minimum of critical ma-
terialg, are found in the R-40 and the pAR-88
type lamps which have been available for sev-
eral years.

The R-40 reflector lamp is for indoor use
only, 

-while the PAR-38 projector with its
pressed, hard glass bulb will withstand rugged
weather conditions. These two lamps of dif-
ferent designs find many applications both
indoors and out-of-doors around an industrial
plant. Direct glare can be minimized by use
of louvers which in the case of the projector
lamp can be attached directly to the bulb, but
fol -the 

reflector lamp a special louvered lamp-
holder is necessary. With this variety of avail-
able equipments we readily can provide several
hundred footcandles at the point of work when
required, and when such lighting is used with
a well-designed general lighting sysrem we
know from studies of brightness disuibutions
that the result will be comfortable lighting.

Ballasts and Saarrcrs
Fluorescent lamps for general lighting or

supplementary lighting as .the case may be,
require ballasts and starters. The past year
has brought important developments in these
auxiliaries which are of particular interest in
connection with the conservation of critical
materials.

A few months ago a new three-lamp bal-
last was announced for operating three 40-watt
lamps on 208 (199-216) and,236 (220-250)
volt alternating current circuits. This new
ballast has already made a.substantial saving
in critical materials because it is the same size
and same weight as the standard two-lamp bal-
last. It is recommended for all fixtures where
three 40-watt lamps are used and cah be oper-
ated on one of the two voltages-208 or 236.
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Another development of note iS the single
ballast for operating four 100-watt fluorescent
lamps on circuits having a voltage of 265 (250
to 280 volts). This new unit is the same size
as the standard two-lamp ballast for 100-watt
lamps but it is slightly heavier (l7l pounds
instead of Ar/). It makes use of the split-
phade circuit and thereby has a high power
factor. Two 100-watt lamps are operated in
series on each leg of the two circuiis and this
is known as the sequence starting circuit. It
has several advantages which include cutting
the critical material nearly in half; one-half the
ballast cost; over-all reduction of 25 per cent in
fixture cost and an increase of about 8 per cent
in light output per watt consumed.

These advantages may seem rather trivial, but
when applied to a large installarion, it indi-
cates rather big savings. For example, the new
Douglas aircraft company plant has 55 foot-
candles in the main assembly area where they
use continuous rows of 100-watt lamps with
Forlamp ballast. The use of this ballast in-
stead of the conventional Tulamp type made
possible a saving of approximately 50 tons of
transformer iron and 30 tons of other critical
materials, principally copper. About one-third
of the copper saving was in the ballast and
two-thirds in reduced wire sizes which were aG
ceptable with the higher voltage distribution.
While quoting big figures I might also men-
tion that 170 tons of steel were saved in this
one large Douglas plant by use of the new non.
metallic reflectors instead of the open end por-
celain enameled steel reflectors a$ originally
considered.

Although the new four-lamp ballasts show
marked savings when used in circuits having
265 volts, it should not be concluded that simi-
lar savings will be experienced on lower voltage
circuits (such as 208 volts) where extra step-up
transformers are required to obtain the desired
higher potential. These extra transformers in-
crease the cost and also increase the weight of
the critical materials. A better solution would
usually be, where possible, to use the three
40-watt unit, unless the lamps are mounied at
a considerable height so that the fewer number
of 100-watt lamps to maintain becomes an im-
portant factor.

The third new development is the Watch
Dog "No-Blink Starter" as announced early
this year. This new design has sevpral advan-
tages over its predecessor. These advantages
include (a) much simpler design, (b) more
positive action, (.) greater reliability, and
(d) when the starter switch is mounted so that
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one can see the top of it, there is visible evi-
dence as to whether or not the switch is tripped'
This new design is designated as the FS-40 and
FS6NB respectively for the 40- and 100-watt
lamps.

Some of you are now, no doubt, thinking
that although we have these new developments
and substitutions in designs to bring about a,

conservation in critical materials, yet we can-
not use them to any extent because WPB Limi
tation Orders prevent us from doing so. This;
of course, is true to a small extent but the es-

sential industries are granted a priority rating
on artificial lighting equipment sufficient to
conservatively meet the seeing requirements.
Old buildings which are remodeled to house

war production can also get additional light-
ing iquipment if better lighting is required
foi thl particular work carried on. In this
connection; I might mention that only recently
a War Production Board press release stated
among other things that in the future "no
purchise of new machine tools, machinery or
equipment, or erection of bui'ldi'ngs will be
authorized until it has been conclusively Proven
that the work cannot be done by existing
facilities." This release definitely indicates
that more influence will be directed along the
lines of obvious wisdom that less money and
critical materials are involved in giving old
plants new usefulness with lighting than in
erecting new buildings.

*

One of the outstanding engineering jobs of the war is the taising of the once proud Atlantic
liner, Normandie, now the Lafayette of the U. S. armed forces. Floating of the immense ship

from its sunken position at a New York pier is progressing rapidly now, and this night scene

of the pumping operations shows how lighting plays a part in this round+he-clock ;ob.

INS Photo
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BAI,I.AST AIR GOTIDITIOTIIIIG
By A. B. ODAY, Nela Park Engineering Dept.

Ir orrnlr proves to be the case that when ne-
cessity dictates, ways and means are found to do
a job which turn out superior to the original
method.

Thus when materials for fluorescent lighting
fixtures became scarce, and resttictions made it
necessary to limit the amount of steel used in
the lighting systems, the first move was to elim-
inate the rather spacious and bulky channels
that were employed to house the wiring and
the ballast. This meant that the ballast was
brought out into the open and not enclosed in
a special housing. To many in the industry it
had seemed illogical to take'a piece of equip-
ment like a fluorescent lamp ballast which is
made with a very substantial metal housing and
enclose it in another metal housing. The bal-
last housing itself is sufficiently strong to con-
form to any reasonable mechanical require-
ments. A further advantage which accrues
through bringing the ballast out in the open is
the potential lowering of ballast operating tem-
perature. This is most important.

Dissipation of heat from fluorescent
ballasts is a problem that we probably

lamp
will

always have. Mezoe F lamps being electric dis-
charge or arc type require some ballasting
equipment. All such equipment absorbs watt-
?ge, and through this absorption generates
heat. During the normal operation of lamps
this energy and generation of heat is of a
constant quantity. When lamps fail due to cath-
ode deactivation this absorption of wattage and
generation of heat often increases unless the
Jo-called No-Blink type of starter is used, in
which case the starting mechanism is open cir-
cuited and no additional heat problem is
created.

Auxiliary specifications which have been de-
veloped establish maximum safe operating
values* for all of the auxiliary equipment, and
particularly for the essential parts of the auxili-

* Vhen operated continuously in an ambient air tempereture
of 4o'C (plus or minus i), at rated primary voltage and
frequency, and with the starter switch short-circuited, the
maximum temperature rise on any exposed part of an open-
type ballast shall not exceqd 5go C, nor shell the maximum
tempereture rise on the case of an enclosed type ballast
exceed too c, nor shall the maximqm temperarure on any
capacitor exceed the maximum safe operating temperature
for that type of condenser, nor shall this temperature rise
ilr any case exceed lt" C.
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ary, such as the ballast coils and capacitors.
(Values below these are still more preferable.)
These limiting temperature specifications must
of necessity apply to the temperature of the
ballast itself when operated under a specified
set of conditions. Tests conducted by the Elec-
trical Testing Laboratories in connection with
certification of Fleur-O-Lier equipment shorir
very conclusively that a ballast of- suitable de-
sign to conform to specifications will only oper-
ateata safe temperature when properly installed
in a.specific lighting fixture. These tests prove
very conclusively that whenever a ballast is
enciosed additional problems of heat dissipa-
tion are introduced.

Dissipation of heat from fluorescent lamp
ballasts is accomplished in one of three general
ways,.namely, conduction, coRvection and radi-
ation. A brief consideration of these three
methods leads very definitely to the conclusion
that the best, most practical and safest method
for installing ballasts, in order to insure mini-
mum interfCrence from temperature,'is to in-
stall the ballast in the open.

Cond,uction
This method of taking heat away from the

ballast consists in contacting the ballast with
some cooler surface. In order to get the maxi-
mum value from such a method conductors
should be in contact with as much area of the
ballast as possible, such as, bottom, sides and
top. To be efiective such conductors must
have good contact with the ballast and they
must involve considerable area. It is obvious,
of course, that such contact surface to be effec-.
tive musti be able to dissipate any heat that is
transferred to them. Metal surfaces, of course,
are always preferable. Such a method of heat
transfer presents many complications often
leading to ineffective results. Generally speak-
ing, the secondary contacting surface means
transferring the problem of getting rid of the
heat from the ballast surface to some other
surface.

Conaection
Such a method of transferring heat away

from the ballast depends quite largely on air
current or more specifically, the circulation of
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relatively cooler air arouud the ballast itself.
If the ballast is enclosed in a wireway or some

similar enclosure, this means that more compli-
cated ventilating problems are encountered. It
is a well-known fict that a layer of still, dead
air around a hot body is of little use in dissi-
pating heat. To get good circulation, design
is required which provides an intake and out-
let, which will bring a constant washing eflect
with cool air on the ballast. It is obvious that
placing the ballast in an enclosure Presents
much more difficult problems if we depend
upon convection to take heat away.

Closed: Hot

more complicated. It is believed that the fol-
lowing points are.highly important:

l. Design the fluorescent lamp ballast properly
and sufficiently generous in size so that it
is capable of dissipating the heat energy at a
rate sufficient to maintain a suitable and
safe operating temperature.

2. Finish the exterior of the ballast in a man-
ner conducive to rapid and effective radia'
tion.

3. Secure the ballast in the fixture assembly so

that it will be in good physical contact with
an efficient radiating surface that is not in
itself heated by other radiators and is cap-
able of transferring the heat away from the
fixture assembly.

4. Do not place ballasts in confined areas

where they will be surrounded by dead air
space. Each layer of dead air presents an
ahditional problem, and, generally speak-

ing, placing the ballast in enclosures com-
plicates this problem. (Today the problem
of enclosure is further complicated because

of the difficulty of meeting metal limitatiohs
consistent with design requirements for suf-
ficient radiating surface.)

5. Provide for free circulation of air around
and over the ballast. This is usually.much
more easy of accomplishment if the ballast
is not confined in small specific enclosures
such as wireways. To provide free circula'
tion of air, merely means the skillful lo'
cation of inlets and exits of circulating air.

It is quite obvious that the ballast assembly
consisting of coils and condensers is the most
critical permanent part of all fluorescenf light-
ing instillations. Generally speaking, this bal-
last assembly becomes a much less critical .part
if adequately designed and suitable provision
made fbr keeping its temPerature at a satisfac'
tory minimum. These safe temperatures can

besl be realized if the ballast is kept as much
in the open as possible, that is, when not con-
fined in small space.

It is believed that the user and the industry
will be best served if all future installations
employ the open ballast location policy' And
in this connection an additional opportunity
should not be overlooked in considering the
appearance of the exposed ballast. This is

not a primary problem, but if we take care

of the main items of air conditioniirg ballasts
we have a chance to do something for customer
appeal at the same time.

' Pego 16

:l

;l
.t

-)
Open'
Cool

Rad,iation
This method of transferring heat away from

the ballast involves several features. First of
all the ballast itself must be built with a large
enough area to permit the heat to be radiated
at a sufficient rate over the exterior surface'

In addition to having sufficient area the bal-
last container itself should be finished with
non-metallic pigment paint, this being more
suitable from a heat transfer standpoint than
metallic surfaces or paints having metallic pig-
ments. After the manufacturer has provided
a ballast that is capable of radiating heat away,
the remaining problem is to locate the bal-
last se that the heat can be transferred from
the exterior surface.

In considering the problems of taking care
of the heat generated by a ballast i[ seems in'
deed logical, if not essential, that the industry
adopt ghe principle of locating ballasts in the
open. It seems unnecessary, and in fact quite
undesiriible, to place ballasts in special con-

tainers or wireways, for iir such cases the prob'
lem of dissipating heat becomes more and
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A complete ten-story building of modern, lunctional design
is provided throughout *ith fluorescent lighting. This
interesting photograph of the building at night shows the
architectural features are appropriate to the mood of
Argentina's motor travel enthusiasts.

Postwar Tourists on Pan.Ameri

Wjll tind Argentina Auto Club

Foun years of war have long since reduced
international travel to the movements of troops
and individuals on missions connected with
the conflict. Such neutral countries that re-
main out of the orbit of the war have been
finding this period has developed keen inter-
est in travel at home. Thus.Argentina's Auto_
mobile Club has been busier than ever recently
responding to the interest of local tourists in
itineraries in their own country and neighbor-
ing nations. A new builcling with ample ca-
pacity for all present service to Argentine mo_
torists is also planned to take care of even
busier days when the Pan-American Highway
is ready for travel from Alaska to Buenos Aires.

ll 'l

bt&ti*

b: 
:..-.*.

** i..r.

The kollet lighting in the ground floor lounge heightens the simplicity and tasteful appearance of
appointments in this room' Thc lovely mural decorations, symbolizing the variety o[ scenic features
the motorist may choose in his native land, are well illumined by the troffer system,
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il Highway The Tourist's lnformation office has the sleek, smooth lines of a smart.motor car ol the luture. Speaking
o[ the future, note the expectancy of Buenos Aires for the .postwar development o[ international
motor travel on the P.an-American Highway. The route of the higfiway and historic scenes invite
the tourist to know the Americas, Noilh, South and Central, Troffer lighting, of course.Ready

This drafting room is iust
one of many work areas in

the buildins where spe-

cialists in one or another of
the professions contribut-
ing to travel enjoyment
and safety, cany on for
the motorists of Buenos

Aires and Argentina,

Eleckical installation was

by E. Lix Klett & Co., SA.
Main conttactors and
technical directors were
the architcctural firms
of Antonio U. Vilar;
Sanchez, Lagos y de
la Tone; Jorge Bunge;
Jacobs, Giminez y Falomir
and Hector C, Morixe.
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LIGHTIIIG lor EASY SEEIIIG
Paragraphs from an arttcle written originally
by Dr. Matthew Luckiesh lor "Architectural
Record." The full arti,cle in eight pages with 11
i.Ilustrations is auailable in reprint forrn through
G-E Lamp Department Sales Diuision offices.

Bnwenn of the limitations of footcandles.
Th'ey are a measure of. t}:re leael of illumination
but they alone do not determine the brightness.
And brightness is a controlling factor in light-
ing for comfortable seeing.

Note a white cuft projecting from a dark
coat sleeve. Cufi and sleeve difier greatly in
brightness even though they receive the same
amount of light. If an illuminating engineer
talks footcandles and ignores brightness, his
approach is inadequate. He belongs to the
dark age of yesteryear before certain aspects
of the science of seeing were available for speci-
fying light and lighting on a brightness basis
for easier seeing. He belongs in one of the
dark-walled, dark-floored-and sometimes dark-
ceilinged-dungeons along li'ith the shades of
those who designed those dark-stained areas.

No practical lighting installation can pro-
duce satisfactory seeing conditions if the reflec-
tion-factors of gteat areas of walls, floors and
ceilings are low. Even desktops, office equip-
ment, machinery and other things in interiors
occupy a large portion of the visual field. Their
reflection-factors should not be as low as they
generally are.

To provi,de good seeing condi,ti,ons the archi-
tect must deal with the whole i.nterior, not iust
the work plane. Science emphasi,zes the bright-
ness of li,ght sources and backgrounds and
brightness-contrasts between the work and its
sufiound,ings.

Footcand,leE and, Refl,ection Factor
Consider this printed page as a visual task.

A white paper reflects about 80 per cent of the
incident light. Assume this paper does, and
that it is illuminated with l0 footcandles.
Paint a portion of this page with black India
ink and let it dry. The diffuse reflection-factor
of the ink-smeared area will be relatively low-
say,8 per cent. Now to make it as bright* as

* Brightness is measured in footlamberts. The product of the
footcandles and the dilfuse rellection-factor results in foot-
lamberts. For example, on a perfectly difrusing white sur-
face having a (theoretical) reflection-factor of 100 per
cent, each footcandle of illumination results in a brightness
of one footlambert.
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the white page the footcandles must be in-
creased ten-fold; that is, to 100 footcandles.
But in the latter case the brightness-contrast
between the "black" print and the background
of low reflection-factor is much lower than that
of the black print on white paper. To make
up for this, in addition to maintaining the
brightness, requires a total of 300 footcandles
to maintain the visibility of the one task equal
to the other.

The visibility of this printed page-or of any
object or task-depends upon t}ne si,ze of the
critical details, their contrasf with their im-
mediate background, and the brightness of the
background or entire task.

In Fig. I is shown a living room in which the
reflection-factors of the large areas are reason-
ably high. Even that of the carpet is rather
high, for a floor-covering. By balancing the
amount of light emitted upward by the open-
top portable lamps and the localized light
emitted downward, good seeing conditions for
any purpose are achieved. There are soft con-
trasts which provide variety and interest, but
they are not harsh.

Compare the conditions illustrated in Fig. 2.
Here critical tasks are performed for hours.
Regardless of the footcandles in the tasks the

Fig. 1-ln the author's .living room, large areas-walls,
carpet, furnishings-have relatively high reflection factor;
upward and downward lisht is balanced; thus contrastg
are subdued.

brightness-contrast between the page of the
book, for example, and the rest of the room is
tiring. The seeing conditions are very poor
for critical seeing. What light can do is illus-
trated in Fig. 3. By the addition of a proper

fhe |{LGAZINE oJ LICET



and, therefore, the glare is not noticeable. How-
ever, this photograph was made il ,hg daytime
when some daylight helped to illuminate the
ceiling, directly and by reflection from the
white work sheet's. At night the ceiling is less

bright compared with the lighting units, but
these trofiers do provide good lighting for easy

seeing.

Brightness of Surround,ingE
The most subtle, far-reaching and neglected

aspect of lighting for seeing is the brightness-
.o-fltrast between the actual visual task and its
surroundings. The motion Picture screen, rel-
atively bright amid almost dark surroundings,
is a good example of extremely undesirable
seeing conditions. Eyestrain and fatigue of
which one is sometimes conscious is commonly
attributed to the motion, or flicker, of the pic-
ture. Actually these are largely due to the

abominable seeing condition-the dark sur-

roundings which ionstantly bid for attention.
The only reason the public has not rebelled
against these abominable seeing conditions is

tf,at viewing a motion picture is not really
critical seeing. If one were reading fine print
on the screen for two houts, the strain, tense-

Fig. 9-Brightness-contrasts of the woft (scwing or reading)

and the background cause eyestrain and fatigue, This

lighting may be satisfactory for convetsation, but not for

critical seeing.

floor lamp and by substituting a suitable table
lamp the ieeing conditions are greatly improved
even if no more footcandles illuminate the
visual tasks

Red.ucing Glare
The old bug-a-boo-preventable glare-aids

in emphasizing the desiralility of reasonably
bright surroundings. Visualize a lighting fix-
ture of bare bulbs seen against dark-stained
walls. Whether or not one is fully aware of
it, these glaring sources are doing their work.
They are distractions which bid for the atten-
tion of the eyes and mind. The struggle goes

on continually. The tenseness produced has

actually been measured. The effect is cumula-
tive, and results not only in localized eye'fa-
tigue but also in fatigues throughout the entire
rnuscular, neural and mental realnis of the

human being.
If the background against which these glar-

ing sources are seen is increased in reflection-
faitor (and therefore in brightness) the glare
is reduced. Actually the brightness-contrast is

reduced and the distraction is proportionately
diminished. Hold a lighted bulb at a window
in the daytime. It becomes almost glareless
against the bright background of sky. This is
an extreme case but it demonstrates the un'
desirability of dark surroundings. Actually the
brightness of interior backgrounds cannot be

sufficiently increased to eliminate glare from
sources as bright as tungsten-filament lamps.
But high reflec.tion-factors help materially.

In Fig. 4 is illustrated a modern lighting
system with especially design:d rofiers contain'
ing fluorescent lamPs. The contrast between
these lighting units and the ceiling is not high

Fig. 3-Seeing conditions are greatly improved by differ'
Lnt types of lamps, and more of them, to illumindte the

surroundings, even though providing no more light on the

visual task.

ness and resulting fatigue would be decidedly
obvious-and the dark surroundings would be

the chief cause.
Suppose this page is being read on the usual

dark-finished desktop in an office. It will com-

monly be l0 or 15 times as bright as its sur-

rgundings.
Now suppose this page is being read at home

under the light of a nearby portable lamp.
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The page is relatively bright compared with its
background or apparent surroundings. Ac-
tually the surrounding field may be clothing,
or floor-covering of low reflection-factor. Be-
sides, this page is probably receiving more light
than the surroundings. At any rate it is not
uncommon for a page to be a hundred times
brighter than its surrounding field.

Must we have white floor-coverings, white
clothes, white desktops, white surroundings in
general? Even if these were ideal they would
be impractical or "unnatural." All complex
practices involve compromises. Furthermore,
most visual tasks outside of offices and schools
involve reflection-factors aveiaging far less than
those of so-called white papers. In addition
to this, a brightness-contrast between the cen-
tral field (the visual task) and the surround-
ings of ten to orie has been shown to be within
reasonable bounds. In other words, the reflec-
tion-factors of surroundings might be 20 per
cent, 35 per cent, or 50 per cent, or 75 per cent
depending upon the particular surface and
area involved.

P ractical Reeommend,ations
All equipment in offices such as desks, filing

cabinets, and machines should have reflection-
factors at least between 20 and 30 per cent.

-,--.

should have reflection-factors at least between
35 and 50 per cent. In large rooms where oc-
cupants are not as "intimate" with them the
reflection-factors may be still higher, actually
approaching white. The ceilings should be
white or just off the white.

The same applies to classrooms in schools,
and everywhere that critical seeing is done for
prolonged periods.

In factories one finds much more freedom.
Walls can be nearly white, as the ceilings
should be. There is no excuse for low reflec-
tion-factors of machinery and other large
equipment. As in offices these may well have
reflection-factors of 20 to 30 per cent. Large
sheet metal equipment, ducts and the like, may
logically be painted with aluminum paint.
Certain surfaces of the machinery or equip-
ment might even be coated with white paint
to aid seeing.

Floors in large factories, particularly if they
are of cement, can very readily be of high reflec-
tion-factor. Such floors have been advocated
because they send light upward to under sur-
faces of machines and work. That is desirable,
but the best reason is that they provide better
seeing conditions by reducing the contrast be-
tween the visual task and its surroundings.
The floor is commonly the "surroundings" of
a visual 'task.

Color is Desirable
Everything we see is reducible to two funda-

mentals-brightness and color. Of these, bright-
ness is generally far more important than color.
However, there is no excuse for "penitentiary"
grays. Environments even in factories have
a right to subdued-grayed-colors. Every fac-
tory in every part of the country is worthy of
some study as to color. Only one generaliza-
tion can be made. Work is associated with
sweat. It is generally easy for a worker indoors
to keep warm; to keep cool is far more common
a problem. From this viewpoint a color scheme
of grayed greens, particularly bluish greens, has
more to commend it than other color schemes.
Of course, there are many exceptions.

Suffice it to state here that there is no mys-
terious magic in color. Its place in the work-
world should be determined by the same con-
siderations as elsewhere. Certainly we would
soon tire of a brass band. Color should not be
used any more garishly where one must work
with it than where one lives with it.

zfF ,

FiS, 4-gt;t1t,ncss-contrast, between lighting units and ceil-
rng is low; glare is minimized, Work shaets happen to be
large, thus surroundings of the task arc bright and seeing
conditions good,

This is a large increase above the reflection-
factors of common metal and dark-stained
office furniture and the customary black of
typewriters and other machines. The walls
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OBSilVATI0tlS at [Yt IEVDL

By l. P. DITCHMAN, Nela Park Ensineerins Dept'

Ir r posiible for workers sitting at assembly
benches along an aisle to be disturbed by peo-
ple walking up and down the aisle, particu-
larly if they intercept daylight on an operator's
work. This traffic has a tendency to make the
worker turn to look. It is this reaction of the
eye which enables us to keep alive with fast
moving traffic today. Motion of a car or any
quickly moving object makes the eye turn to
see what is coming.

An industrial company in the Middle West
had a striking example of this in a mended ma-
chine belt. The maintenance man had repaired
this by adding a new segment to the old belt-
itg. This little segment was very light in color
compared to the old belt. It was even more
noticeable when the power was turned on and
the motor started to turn that this small seg-

ment of belting seemed to fly through space.
The contrast of this small light piece against the
dark background created in efiect a small flash.
ing light that was very disturbing to the work-
ers in the vicinity.

Special consideration must be given to older
employees'eyes. Because of the normal changes
in eye accommodation with age more light and
higher brightness are required by older eyes
to function well. The seeing conditions should
also be such as to avoid unnecessary pupil con-
traction and expansion.

The eye cannot see objects that are too large
without extra fixations. It is surprising how
little one can see at one time. A simple test is
to take two objects, pencils or pens, and hold
them in front of a person's, eye with the two
objects at the same distance. You will notice
thit the eyes focus first on one object, then on
the other, in an efiort to determine their.length.
If the objects are brought closer you will find

The accompanying sketcheg by
W. D. Riddle wete cteated to de-
pict ordinary obstacles to comfort
at eye level in the work-world.

that when they are approximately an inch or so

apart, then, and only then, can one detect any
slight difierence in length. This is proof that a

person can see only approximately 1 degree at
a time-and while focusing only on one thing.

Did you ever notice a barber giving a hair-
cut? You will see that when the barber has
trimmed the hair that he will step back from
the head to look at it, or he will turn to face
the mirror to see if the trim was made symmet-

The careful barber ihecks his

"head" work by taking a

new perspective on the iob.

A white patch on a

rapidly moving belt is

an obstacle to comfort
on the eye level.

An elderly man who had bought a new I.E.S.
study lamp placed it on the table, took ofi the
shade, and faced the lamp while he was read-
ing his newspaper. When questioned as to
why he was breaking all rules of good lighting
he said that normally he had to hold his paper
at a great distance from his eyes to see the
print legibly. He discovered that by facing
the lamp he was able to focus and see the
print legibly at normal reading distance. Al-
though he was unable to adjust his eyes norln-
ally to read the paper within focus, by putting
a light source directly in front of his eyes the
pupils contracted for protection from the glare.
Obviously he was trying to cure one evil by
means of another. What he really needed was
the services of an eyesight specialist.

rically. He does this because his eyes were too
close to see the entire head. He is applying
this very simple fundamental of the eye to Prac-
tical use.

Goggles and safety glasses should be designed
so as not to interfere with normal eye func-
tions. For instance, goggles with opaque fides
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prevent the eye's periphery from seeing moving
objects. This mav cause accidents simply be-
cause the goggles have interfered with the func-
tion of the eyes to protect against rnotion ar
wide viewing angles. Operators at grinding
wheels or buffing operations should not be al-
lowed to go away from their wheels without
first removing their goggles. If goggles must
be worn while the operators are moving, they
should be of such a design as to admit light
into the eye at wide angles of viewing.

Safety derives from com-
fort in the view a worker
has on his job.

Ptgo 22

The eye always tends to focus on the bright-
est thing in the line of vision. A very simple
test is to close one's eyes and then open them,
paying particular attention to the object that
first conres into view. It will be noted that in
an industrial plant invariably it will be the
bare lamps, windows, and lighting fixtures
which are seen first. This is most undesirable
because the eye must go through a severe ac-
commodation from the brightness of the win-
dow or lamp to the job at hand many times

"\*:iruu" noted that in going into a neigh-
borhood show, particularly one without a
lobby, that you are blind upon entering and
blind upon leaving. This -happens 

bCcause
the eye hasn't had time for accommodation
from one brightness to another. So, in a fac-
tory one can say that whenever the worker is
blinded he loses time, or he loses about the
time it takes a man to walk through the lobby.
Whenever he looks at a glaring light source in
the plant and then looks back at the machine,
the eye still must go through this accommoda-
tion period. During part of the period the
operator is actually blind. If he tries to do
any precise work during the blind period he
is guessing.

A matte surface viewed at any angle appears
bright to the eye, whereas a polished or specu.
lar surface, such as a mirror, appears dark to
the eye at all angles excepr those in which the
mirror is reflecting some brightness to the eye.
Between these two extreme$ of perfect matte
and perfect reflection there are varying degrees
of reflection.

Many materials may be considered as types

of mirrors. (So far as the eye is concerned we
rnust remember that when looking at a pol-
ished surface at 14 or l5 inches the eye may
actually be focusing on the fixture, lamp and
ceiling.) Some are perfect, which means'they
reflect images of things as they are-or they may
be imperfect such as a shattered mirror in
which the image would be very blurred and
distorted and one could not recognize the
actual object being imaged in the mirror.

Low-brightness sources
simplify many problems
involved in reconciling
factors on the work level.

Many accidents have been caused by men
stumbling over stock piled on the floor as well
as in stock bins and boxes. These boxes and
bins, if painted with a contrasting color to that
of the floor, would be less cause for accidents.

Working surfaces, benches, stockrooms, stock
piles, storage of materials-all of these various
problems should be studied from the srand-
point of creating a proper shape and proper
orientation so that light from the overhead
system can readily fall in the proper direction
on the object to be seen.

This means that stock bins should be cut
away at the top and be wider at the bottom to
provide for this. Instead of boxes being stacked
horizontally they should be sracked so that the
light will fall on every one of the boxes, mak-
ing them easier to see. The interiors of many
stock bins should be painted matre white ro
help diffuse the light.

NEW HORIZONS

ln an early issue the "Magazine of
Light" will present an article by H. F.

Barnes, Manager of the Nela Park Sales
Promotion Division, which scans the
shapes of some good things on the U. S.

postwar horizons.
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The character of surlaces

on the working plane
may include a combina-
tion of difficulties if the
light source has not been
carefully considered.
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Uoluntary Gonservation
A Special Task Conrmittec, designated by
Mr. J. A. Krug, I)irector, Office of War Utili-
ties, to devel<lp a pr()gram for voluntary con-
servation of electric energy by all electric
consumers, met in Washingt<ln July I 'and 

2,
an<l again on .]uly 13, 1943. This program is
designecl to effectuate the electric utility indus-
try's participati<ln .in the broad conservation
program which has been acloptecl by the War
Production Board to effect savings in critical
resources-manpower, material, equipment, and
fuel-which are present in domestic, commer-
cial, and industrial use of coal, petroleum
products, electricity, gas, water, communica-
tions, and transportation. The following out-
line of program development lists the aims of
the industry in the voluntary cooperation on
cclnservation.

Deaelopment ol Program
by Indiiidual lltilities

Each utility will be expected to advise its
customers of specific steps which they should
take in cooperating in the program. The four
fields of electric energy use within which the
conservation program should be particularly
urgecl are the commercial, white way street

, lighting, residential, and industrial fields.
These are further broken down below into
classes o[ use.

The term "nighttime" as used in the fol-
lowing numbered subparagraphs may be de-
fined as the period starting at dusk (30 minutes
after sunset) and ending at dawn (30 minutes
before sunrise).

It should be made clear to customers that the
desired savings in lighting should be obtained
primarily by the turning off of lights which
are not necessary and by replacement at re-
newal time when lamps are burned out, with
lower wattage lamps.

l. Indoor and Outdoor Ad.aertising, Promo-
tional and Display Sign Lighting
(a) Daytime: Eliminate completely.
(b) Nighttime. Reduce burning hours so lar ae

practicable but in no case burn for an interval
exceeding two hours and only during the period
from dusk until 10 p. m,, in terms of local time,

(c) Electric signs necessary for direction or identi-
fication o{ places oI public service, such as

o The report is signed by eleven leading utility executives and
a representative of the rVar Production Board. It has the
unanimous approval of the 39 members of the Informal
Electric Advisory Committee, all leaders of the utility in-
dustry and representing every section of the nation.
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lor Utility Industry.
public restaurants, public Iodging establish-
ments, transportation terminals, etc., may be
operated during nighttime but only while the
establishment is open for business.

(d) Reduce lamp wattage of all signs by the maxi-
mum practicable amount.

2. Decorntiue and, Ornamento,l Lighting In-
cluding Decorat iue Floodlighti,ng
(a) Exterior lighting: Eliminate completely at all

. times.
(b) Interior lighting: Eliminate all non.esgential

lighting, reduce the balance by the maximum
practicable amount.

3. Show Window Lighti.ng which d,oes not
proaide ess.ential i,nterior illumination
(a) Daytime: Eliminate completely.
(b) Nighttime: Reduce burning hours so far as

practicable but in no case burn for an interval
exceeding two hours and only during the period
from dusk until 10 p. m., in terms of local time.

(c) Reducewattagebymaximum practicable amount.

4. Lighting of Marquees (other than adaer-
tising signs) and Buildi,ng Entrances
(a) Daytime: Eliminate completely.
(b) Nighttime. Reduce in intensity by maximum

practicable amount consistent with public safety
consideration.

(c) Eliminate completely when establishment is not
open for business except for ainount necessary
for protection.

5. Li.ghting of Outdoor Business Establish-
nxents
(a) Daytime: Eliminate completely.
(b) Nighttime: Reduce in intensity by maximum

practicable 'amount,

(c) Eliminate. completely when establishment is' not open for business except for amount neces.
sary for protection,

6. General Interior lllumi.nation and, Show
Case Lighting
(s) Eliminate all non-essential lighting.
(b) Reduce remainder by the maximum practicable

amount consistent with public safety considera-
tion and eyesight conservation.

7. General Conseruation by Commercial Cus-
tonl,ers
(a) Turn ofi lights and appliances when not actu.

ally needed.
(b) Eliminate unnecessary use.

8. Air Conditioning
Adopt more moderate
perature and relative

margins of reduction in tem.
humidity.

9. White Way Street Lighting
Reduce wherever practicable to lower levels con-
sistent with public safety,

" f,?'::,:,t::'" 
^rwasre 

in the use or various erec-
tric appliances such as refrigeratois, radios,
ranges, space heaters, water heaters, etc.

(Continued on page 27)

I
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Straws in the P0STWAR LIGHTII|G TRttlD
By MARY WEBBER, Nela Park Ensiueerins Dept;

THn women of America are being asked to tell
the manufacturers of the nation how they would
like to have their postwar world equipped in
terms of shelter, furnishings, conveniences,
and all appurtenances to living. The situation
is somewhat analogous to the amazing "things
that were shown a wise man at the gates of
heaven. ffe was told he might have what he
wanted in three easy wishes. So, being a wise
man, he chose first to know what he ought to
want. The rest was easy after that.

The postwar world is pretty much an un-
touched piece of future, and most people's
thinking on it is not limited by facts and past
experience; gherefore, it appears to ofier rich-

ness absolutely without parallel. In the respect
that we find out how we ought to choose we
shall give several generations the benefit of a
measure of our wisdom.

Perhaps the simplest, surest field for knowing
what we want lies in the place our families call
home. If we can begin shaping our fpture out
of the sttength of character and the imaginative
maturity of our wishes for the home, we may
have made thb wisest beginning. Toward that
end the SmaII Homes Guide has started some
exploratory suggesting. With respect ro the
results that developed about lighting improve-
ments in the home, we have some data and
some straws in the postwar trend which will
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bear further study and work. We have in the
Guid,e's editorial experiment a suggestive pat-
rern for aiding prospective home builders to
know more about what they "ought to want."

The Smalt Homes Guide, published twice a
year by the National Homebuilders' Bureau,
Inc., has a circulation of approximately 300,-

000, and is distributed through lumber dealers
and newsstands to prospective builders of
small, moderately-priced homes. The Spring
Issue, 1943, devoted entirely to the illustration
and discussion of possible Postwar develop-
ments in home design, construction, equipment,
and decoration, was treated editorially with
persuasive urging of the reader to "Tell Us
What Kind of Postwar Home You Want." A
simplified tear sheet was included which sum-
marized all the items on which the reader
could express his preference or vote. By midl
'July there were nearly 1000 (938 to be exact)
reader returns. Sixty-one per cent of these said

4 453 ot 58% 5 440 ot 57% 6 402 ot 52%

l0 947 or 45% ll 346 o:44% 12 398 ot 42%

16 290 ot 37%

Esscnce'of thc Evidcnce
1. Most hopes about lightins refer to single, simple

improvements bearing on such commonplace diffi-
culties as finding the right blue dress in the
clothes press.

2. People have had too little expeience with home
lighting refinements to organize their expectations
about developments in this line.

3. The initiative in forming an intelligent demand in
lighting still rests with industry leaders.

4. The small homeowner may be expected to be
conseruative, to accept refinements as he becomes

. convinced of their need.

5, The advances in modern housing coming in the
postwar period challenge the ceative energies of
the leaders in lighting, To share a proportionate
part in this powerful influence on the home, inl-
proved lighting must develop its progressive ad-
vances in harmony with other elements of design.
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a $4000 to $6000 house was contemplated; 14
per cent less than $4000; arrd 25 per cent over
$6000. Forty-three per cent indicated they
would consider prefabricated construction; 2l
per cent said they would not consider it; and
the remainder were undecided. The question
regarding the style of furniture desired was
answered in 94 per cent of the returns with
60 per cent expressing the wish for modern; 30
per cent for traditional; and the remaining
l0 per cent preferr€d to combine the two styles.
Of the 938 reader returns, 777 or 83 per cent
expressed their wishes on lighting.

The double-page spread on lighting dis-
cussed the benefits of good lighting and in-
cluded very sirnplified line sketches, with brief
user-benefit copy, of 24 specific lighting fea-
tures, on which the reader was asked "Ffow
Many of These Lighting Features Do You
Want in Your Future Home?" The average
return dsked for ten.of the features, and the
number of times each of the features was
mentioned,is shown under each of the sketches,
which are reprinted here, rearranged in their
order of mention. Thus the combination en-
trance fixture and lighted house number was
mentioned by 659 persons; it is not to be inter-
preted as a first choice since the questionnaire
form gave no opportunity to express order of
choice. No single feature, you will note, was
mentioned by everyone.

Obviously no profound conclusions for a
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broad development of future equipment or
future promotion can be drawn from this first
experimental sampling. Reader returns are
being received daily and a later analysis of the
total retllrns may truly be representative of
the country's future homeowner's lighting
wishes. The expression of these first 777 voters
is in the meantime nonetheless worthy of con-
sideration and perhaps provocative of a more
realistic analysis of future educational and com-
mercial efforts on the part of the lighting
profession.

Unquestionably it is a bit disconcerting to
find the age-old recipes of a lighted house num-
ber, light at both sides of the mirror, in the

, closet and over the sink receiving the highest
votes for "Must have's" in the dream home
after Victoryl You'll note, however, that the
eight features receiving the greatest mention
involved important eye-use locations conlnlon
to euery home, and locations which have been
notoriously neglected in prewar homes. Ig-
norance, indifference, or economies in wiring
on the part of small home builders have made
it almost impossible to obtain lighting in mosr
of these locations. The wise builder will fea-
ture wiring outlets for these locations. And the
wise equipment manufactirrer will note the im-
portance of increasingly effective merchandise
to accomplish the best possible lighting results
at these much-used areas.

The strong vote for these particular features
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may be more expressive of "pet peeves" or re-
sentment against present lack or inadequacy
of light at these daily-used spots than of any
studied or informed preference for these over
the other features sketched. It certainly indi-
cates an encouraging awakening to the func-
tion of light as a necessary partner of sight-a
rewarding assurance of the effects of the Better-
Light-Better-Sight Movement. But with vic-
tory, the scope of its educational program must
be broadened and its pace quickened to famil-
iarize more homeowners with the newer devel-
opment in lighting, if Tomorrow's flomes are
to enjoy the fuller benefits of Better Lighting.

This first opportunity for the homeowner to
"speak up" indicates not only a demand for
more specific and satisfactory kitchen lighting
but also a demand for fluorescent sources there.
Three of the "first eight" features are for the
kitchen. The request of 57 per cent of the
voters for a "center ceiling light for the kitchen"
must point to the desire to change to the newer
fluorescent source, since it is well know that
more homes had bought kitchen fixtures than
any other.equipment then recommended.

It should not be overlooked that the light
for over the sink receive<i the highest vote of
any kitchen feature. Actually in point of use,

it is the most needed by the homemaker, and
the fact is that no center ceiling fixture will
produce satisfactory lighting at local work
areas. No matter how efficient or advanced the
central fixture may be, its light is cut off by the
user at the presently located wall work surfaces.
Is the industry's thinking on kitchen unit cam-
paigns so fixed that it cannot encompass the
homeowner's expressed needs? Can it not find
a practical mea.ts of merchandising a kitchen
lighting package which recognizes those' local
lighting requirements that are after all para-
mount to the attainment of easier seeing?

Sight-saving lamps, wherever eye work is
done, are recognized as a requirement by half
the voters. Despite the increasingly discussed fact
by some designers that the ideally lighted home
of the future will not need portable lamps, they
will remain for some years to come the most
practical means of obtaining local light and
charm in other than utility rooms of the low-
cost home. fhe I.E.S. Specification lamp was
the first step toward attaining eyesight-conserv-
ing light. It need and should not be consid-
ered the last step by any means.

This report is obviou'sly not the last steP in
judging the help the postwar homeowner is

going to give the lighting industry. The num-
bers of persons involved.in this first efiort' are
by no means representative of the 8,500,000
new homeowners in the $4000 to $6000 class,.

which are currently projected for the ten-year
period of postwar building. To many indus-
try leaders throughout the country, this small
sampling will not seem adequate for appraising
local situations. Therefore, the most helpful
aspect of this experiment is its challenge to the
lighting industry leaders in every locality. The
technique for assembling the first straws can be
developed and adapted in specific territories.
There is little question that equipment manu-
facturers and lighting specialists would profit
greatly from greater attention paid to early re-
turns on polls about consumer attitude. How-
ever tentative the first balloting may prove to
be in specific localities, we can see already that
we are finding cofroboration for some things
we might have expected. There are probably
many helpful hints for the way the lighting
industry must plot its future course by study-
ing and refining the methods of polling public
opinion. This conclusion pairs with the plain
obligation to ofier the public the means of
knowing what can be provided.

*
Voluntary Gonservation

(Continued. from poge 23)

(b) Turn ofi lights and appliances when not actu-
ally needbd.

ll. Ind,ustrial
Manv economies can be achieved in the use of elec'
tric'energy by industrial plants, both large and
small, with-out'adversely afiecting volume of produc'
tion.' By proper publicity these economies irhould
be called to industrial plant managers' attention.

. Utilities should utilize services of their power engi-
neers and other personnel to assist industrial cus'
tomers to efiect 

-more 
economical use of electric

energy,.keeping in mind the necessity -of maintain'
ing or improving maximum production levels.

12. Exceptions
The Committee wishes specifically to direct atten-
tion to the fact that no efiort should be made to cur.
tail necessary military, aviation and police lighting,
lightine essential to public healthn including eye-
sight conservation and safety, plant protection' trans-
portationi and production purposes. As outdoor
iecreational activities are considered essential for
wartime morale, the use of electric energy necessary
for this purpose should not be discouraged.

Of course, to the extent that economies can
be achieved in the above fields without impair-
ment of function, they should be urged and
encouraged.

The reasons for the above exceptions should
be made clear to the public.
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and Wiring lor
lor Interior f,lectric Lighting
Wartime Construction

IN rnr interest of conservation, but without
sacrifice of adequate seeing conditions, interior
lighting installations shall be incandescent,
high-intensity mercury (mercury H) or fluores-
cent light sources in accordance with the
following:

l. Fluorescent lighting* *uy be used only as
follows:
a. In production areas only, where fixtures

are mounted not higher than 20 feet
above the general working plane and
where, as an alternate or an addition to
incandescent lighting, fluorescent instal-
lation is deemed advantageous for exact-
ing visual tasks in the following care-
gories of skilled operations:
(l) Assembly, inspection and calibra-

tion of insftuments, or precision
equipment.

(2) Operation of fine weaving and cut-
ting machines.

(3) Precision tool and meral work of
fine detail.

(4) Other factory producrion work with
tools or machines, including setting
and repair of the machines and in-
spection incident to such manufac-
turing processes.

(5) Minute color, conrour or shade dis-

+ Fluorescent lighting es used herein includes only sources
utilizing a fluorescent coating in the production of light,

(6) Floor drafting or similar work in
such areas as moulding lofts.

b. In offices or other rooms where, because.
of ceiling conditions or excessive radiant
heat, incandescent lighting will be un-
satisfactory for such tasks is accounting
and auditing, business machine opera-
tions and tabulations and drafting and
designing.

c. In buildings operating mainly for the
War Effort and which are supplied in
whole or in part from an isolated elec-
tric generating plant where installation
of fluorescent lighting for essential
higher.intensities will immediately pre-
vent an addition to such generating ca-
pacity.

d. In buildings being converted, altered
or modernized for war production and
which would have to be iubstantially re-
wired if incandescent lighting were in-
stalled to obtain the necessary higher
intensities.

2. High-intensity mercury lighting (mercury
H) may be used only where it is deemed
advantageous for such areas and purposes
as: high-mounting heights referred to in
paragraph 3; plating and pickling rooms
and such areas. where other light sources
would be affected by fumes, or where color
correction is necessary with incandescent
lighting.

*
Dissussion by Walter Sturrock, Nela Park Engineering Dept.

A revised copy of the WPB Conservation
Division "Design Guide for Interior Electric
Lighting and Wiring for Wartime Construc-
tion," dated May, 1943, is reprinted above. It
is now circulated by the government as a part
of a Critical Construction Materials Design
Guide, dated June 26.

Please keep in mind that while this is a doc-
ument of the War froduction Board it does
not apply to all structures for which lighting
is supplied. Buildings under the jurisdiction
of various government groups come under the
various regulations as follows:
l. Priuately owned new buildings and, pri-
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aately owned build,ings which are rentod,eled
and/or relighted.
The priority applications ro permir rhe use
of materials for these buildings musr be sub-
mitted to the WPB either-lobally or in
Washington depending upon the siie of the
j"b. In either case, the WPB represeritative
who reviews the plans .for lighting will
presumably base his decision on the limita-
tions given in the WPB "Design Guide for
Interior Electric Lighting and Wiring for
Wartime Construction."

2. Build.ings financed, by the Defense Plant
Corporation.
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3. For production areas where fixture-mount-
,ing heights are in excess of 20 feet above

' the working plane, the lighting system shall
be irrcandescent or a combination of incan-
descent and high-intensity mercury (mer-
cury H) units, except that where work is
to be perforrhed on large specular reflecting

' surfaces such as airplane wings, fluorescent
lighting may be empldyed.

4. Incandescent lighting shall be used in all
areas and for all purposes except where, as

permitted herein, fluorescent lighting or
high-intensity mercury (mercury H) light-
ing may be used either as an alternate for
incandescent lighting or in combination
with it.

5. All lighting fixtures and accessories shall
be consffucted in accordance with the ap-
plicable T. and M orders of WPB.

6. The maximum average lighting intensities
in service shall not exceed the minimum
footcandles recommended by the American
Recommended Practice of Industrial Light-
ing, 1942, issued by the Illuminating Engi-
neering Society and approved by the Ameri-
can Standards Associatidn. The attached
supplementary table, which is consistent
with the I.E.S. publication above, may be
taken as illustrative of maximum intensities
for the more prominent wartime seeing
tasks.

7. Wherever possible, appropriate colors (light-
er shades) of non-critical paints or other
finishing materials on walls, ceilings, floors,
and machines, qhould be used to improve
reflecting surfaces and reduce the wattage
of lighting systems.

8. Electric wiring and conduit systems for in-

terioi lighting installations shall, in gen'
eral, conform to the following:
a. Such systems shall be designed to utilize

minimum amounts of critical materials,
rsuch as coPper, rubber and steel, with'
out provisions for future extensions,
making maximum use throughout of
the common neutral wire in both alter-
nating and direct current systems, using
as high standard voltage as is consistent
with the design of the installation.

b. All wiring shall be open wiring on in'
sulators, concealed knob and tube work,
or other types of wiring approved for
wartime construction in accordance
with War Production Board Limitation
Order L-225 or other applicable WPB
orders or directives.

c. Rubber insulation is permitted only on
electrical conductors in buildings and,
where necessary, in underground instal-
lations, but not for open wiring in dry
locations or for solidly grounded con-
ductors. The gtades of the insulation
used shall be in conformity with those

' listed in the table set forth in War Pro-
duction Board Order M-15'B-1, List 27,

Items (l) to (3) (c), inclusive.
d. Conductor sizes, excePt as may be neces-

sary to secure the proper oPerating volt-
age at the lamps, shall be the minimum
pirmitted by the 1940 National.Elecri-
ial Code, with amendments thereto is- .

sued by the EmergencY Committee of
the National Fire Protection Associa-
tion. Proper oPerating lamp voltage
shall, as far as possible, be obtained by

'selecting the pioper supply voltage

*
It is my understanding that the majority

and perhaps all of these buildings can be

c'onsidered as owned by DPC. For this rea-

son the DPC has a keen interest in all the
details of design and construction. The de'
sign of such buildings is usually handled by
arlhitect engineers selected jointly by the
DPC and by the manufacturing company
who will operate the plant. In general, the
WPB Design Guide controls the construc'
tion and the lighting of these buildings. In
some specific instances, however, where the
War Department or the Navy have a very
close interest in the product to be made, it
is quite apparent that their resPective de-

sign departments have some influence .on
ceftain features regarding the construction

of the building and in this case the War
Department oi Navy Department limita-
tion orders may Sovern.

g. Build,ings which are owned and built by the
War or Naay DePartnxents.

The War Department Circular Lettef No.
2122 (Nov. 2, 1942) and the Navy Dep-art-

ment Circular Letter 304'42 (Oct. 17, 1942)

give the specifications and limitations on
Ilghting which will usually govern 

-their

respective buildings, but not always, for in
some, 50 footcandle installations have been
made.

The principal difierence between these very
brief Aimy and Navy Munitions Board limita'
tions and those established by WPB is in the
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rather than by increasing the conductor
srzes.

Norr: The availability of the various ma-
terials employed in lighting and wiring varies
from time to time, and the limitations govern-
ing their use change accordingly. These limi-
tations are set forth in detail in the Critical
Construction Materials Design Guide, the lat-
est issue of which must be consulted wlien a
specific project is being considered, to obtain
information on such details then in effect.

SUPPTEMENTARY TABLE OF
WAR PRODUCTION LIGHTING INTENSITIES
IN MAXIMUM FOOTCANDTES IN SERVICE

Airplane Manufacluring
Stock Parts-

Production.
lnspection

Parts Manufacturing-
Welding, Drilling, Riveting and Screw Fastening. .

Spray Booths.
Shebt Aluminum Layout and Template Work,

Shaping and Smoothing of Smill Pa{s for
,Fuselage, Wing Sections, Cowling, etc,. . . . . .

Sub-assembli-
Landing Gear, Fuselage, Wing Sections, Cowling

and other large Units.
Final Assembly-

Placing of Motors, Propellers, Wing Sections and
Landing Gear,. Mounting 

'of 
Guns and other

largeEquipment......
lnspection of Assembled Ship and its equipment. .

Machine Tool Repairs.

Tank Manufaclurins
Assembly Line. .,.
Frame Assembly.... . .

Body Manufacturing-
Parts.;.
Assembly.
Finishing and lnspecting.

Construction-Gcncral

20

20
90
A*

2
5

10

50
30

A*
30
30

30
30

Excavation
Exterior..
lndoor

Shell
Depth

40-50

30-40
.10

Erplosives
Hand Furnaces, Boiling Tanks, Stationary Driers, Sta-

tionary and Gravity Crystallizers.
Mechanical furnaces, Generators and Stills. Mechani-

qal D.-riers, Evaporators, Filtration, Mechanical
Crystallizers. 10

Tanks for Cooking, Extractors, Percolators, Nihators. . 15

Prccision War Equipment
Assembly and Adjustment of Range Finders, Binocu-

lars, Periscopes, Timing Equipment, Gun Siqhts,
Electronic Devices, Torpedo Mechanisms, etc.. . . . .' A*

Shell Loading Plantr

35
A*

30

Fuse and Booster Man
Clea and
Shells,

A,r Automatic
Clean

Charges. .

Packing and Boxing-Storage

30
A*
A*

lnspecting,
Loading of

Hand.

Artillery Manufecluring
Forging and Casting of Gun Barrels and Mounts...... 'lO
Machining and- Grinding of Gun Barrels, Breeches,

Mounts and Caniages. 30
Measuring and Testing of Parls;'Barrel Boring, Machin-

ing and Assembly of Range Adjusters, and FiringMechanisms. . . A*
General Assembly.

Shipyards
General. ....... 5
Ways and Fabricating Areas.. 10
A* These are critical, sustained seeing tasks, lrequently

occurring in small areas or rooms, and call for lishting
intehsities frequently as high as 5O-100 footcandles.
lo conserve critical materials as well as effect other
economies, a combination of qeneral illumination (9O
footcandlei) with supplementaiy or localired lighting
directly over working suifaces will generally suffice.
Good results have betn achieved by hanging standard
industrial type fixtures 3 to 5 feet directlr over the
benches or objects, where practicable, oi attaching
portable type fixtures ol lower wattage much closei
to the working surfaces.

*
attitude towards fluorescenr lighting. The
ANMB state that

"Generally all lighting shall be incandes-
cent or when mounting heights are in ex-
cess of 24 feet, a combination of incandes-
cent and mercury H types. Because of the
criticalness of certain materials, fluorescent
lighting is only permissible in industrial or
production areas where mounting heights
arc 24 feet or less . ."

In comparison the WPB state that
"Interior lighting insrallarions shall be in-
candescent, high-intensity mercury or fluo-
rescent light sources in accordance with the
following: (l) fluorescent lighting may be
used only as follows: (u) in production
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areas only where the fixtures are mounted
not higher than 20 feet above the general
working plane and where, as an alternate or
an addition to incandescent lighting, fluo-
r'escent installation is deemed advantageous
for exacting visual tasks, etc. . . ."

It will be noted that WPB permit fluorescenr
lighting where the fixtures are mounted no
higher than 20 feet above ttre work plane, while
the ANMB state that fluorescenr lighting is per-
mitted if the fixtures are mounted not ovei 24
Ieet aboue the floor. WPB restrictions will per-
mit fluorescent lighting for difficult seeing tasks
where the mounting height may be as high as
35-40 feet above the floor, because the work
plane may be 15-20 feet high as in bomber
plants.

7e"t'l
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What about light, Mr. Directorl

You may think that you haven't got a lighting
problem. Perhaps you're right . . . yet there may
be simple, practi-cal-things ybu can do-especially
where critical seeing is involved-that will help
reduce fatigue, accidents and waste. And that

"I don't know what more we can do to

G.E MAZDA IAMPS

doesn't necessarily mean new equipment; r'l may
be a malter of getting more light out of lhe equipmenl
you now haae.

That's wherethe G-E Wartime Lighting Consultant
comes in.

He may be able to help you-by applying G-E's
practical knowledge of lighting for production.
lf you run a warplant, no matter what size, it
costs you nothing to find out.

Call your nearest G-E lamp office today and we'll
place a traincd wartime lighting consultant at
your service.

t'ftffi
EL€frI

r !i ii .R'

For Wartirne Lighting Help...Ilere's where to 6'Call G-E Larnp"
Sre yow phore bnh for G'E Lamp otfws in otler prircipal cilbs

ATLANTA
BOSTON
BUFFALO
CHICAGO
CLEVELAND
DALLAS
DENVER
DETROIT

WAlnut 9767 Red Rmk Bldg.
HAncoak 1680 United Shm MachineryBldg.
LAfayette 7194 . Generee Bldg.
HARrlson {ir(10 . 842 S. Canal St.
CHerry l01O Williammn Bldg'
LD 221 General Electric Bldg.
MAln 6ltll Merchandire Mart
CH 6910 Bqok Tower

KAT{SAS CITY
LOS ANGELES
MINNEAPOLIS
NEW YORK
OAKLAND
PHILADELPHIA
PITTSBURGH .

PORTLAND
sr. Louts

Vlator 767
Mlchlgan 8851
GRanvllle 7286

, 2100 Wyandotte St.
. Edimn Blds.

Northwestern Teminal
Wlckersham 2-6300 5?0 Inxington Avo.
Hlsate 7340 . 1614 Campbell St.
KlNgsley 33116 . Mitten Bldg.
FAlrfax 7911 601 E. General Robinmn St.
BEacon 2101 . . Oregon Transfer Bldg.
GHostnut 8920 7t0 N. lzth BlYd.

Or call your local electric seruice company or G'E Inmp Supplier for helpful adoiw

GENEnAL @DLECTRTC .>
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WAR BONDS
Mobilize the Energies
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