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The 20,000-kv-a. hydroelectric generating set in the foreground of the above illustration White River Development, 
Puget Sound Traction. Light and Power Company, Seattle, Wash.', and the 32.500-kv-a. generator on page 11. consti
tute two of the landmarks of the year 1918. The former was the largest capacity waterwheel-driven generator at the 
time of its installation, and the latter the largest under construction.
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"NORMA"
PRECISION BEARINGS

(PATENTED)

For 
Fractional H.P. Motors

National conservation, rightly understood, contem
plates the manufacture, sale, and use of machinery and 
equipment possessing within itself the maximum of 
“staying power.” Repairs and replacements on old 
equipment may be an economical virtue. But a truer 
conception of economy demands the making of 
machines so good that repairs and replacements are 
minimized.

Builders of high-grade, high-speed, high- 
duty machines, seeking to incorporate in 
their designs the utmost of time-resisting, 
wear-resisting quality, fortify their own 
superior construction with the recognized 
serviceability of "tlORfQ^" Precision Bear
ings.

Be SAFE
See that your Motors are 

"NOR CW Equipped

THE NORMA COMPANY OF AMERICA
179 0 BIOflDWfly NEW yORK.

Ball, Roller, Thrust, and Combination Bearings

'NORffifl" Engineers—speed bearing specialists—offer 
you their services without obligation
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While the general trend in electric generator design is toward increased capacity with decreased size and weight, there 
occasionally are certain conditions, such as low speed, which require a departure from this practice. The capability 
of the industry along the latter lim is typified by this impressive illustration of a 31-ft. (outside diameteri, 72-ton 
(as shown) armature spider of one of the fifteen 52-pole. 9000-kv-a., 57.7-r.p.m., 25-cycle, 11,000-volt waterwheel- 
driven generators now in operation at the Keokuk Station of the Mississippi River Power Company.



Reconstruction Congress of the War Service 
Committees of American Industry

What greater assurance of a business-like 
transition from war activities to peace 
activities could we have than that, through 
our recent training in war, all our citizens 
individually and collectively have acquired 
the ability to distinguish clearly between 
the essential and the non-essential, to decide 
quickly upon a singleness of purpose, and to 
proceed with remarkable speed and team 
work! Ample proof of the efficacy of these 
faculties when directed toward the adjustment 
of the nation's activities to peace-time 
conditions was furnished, within four weeks 
after Germany signed the Allied terms of 
armistice, by the convening of over 4D00 
representatives of American industry at a 
Reconstruction Congress held under the 
auspices of the Chamber of Commerce of the 
United States and there in four days shaping 
and laying the foundation stones of our com
ing business era.

The program of the Congress introduced 
pertinent questions and called for their 
discussion by the 3s() War Service Committees 
representing American Industry, the con
sideration of these recommendations by 35 
related groups, the summarizing of the con
clusions by ten major groups, and the framing 
of a set of resolutions by a Clearance Com
mittee*  to represent, in so far as possible, the 
prevailing opinion of all the minor meetings. 
The stupendous task was scheduled to be 
carried out December 3rd to fith inclusive 
and to be paralleled by general session 

* Personnel of the Clearance Committee and the major groups 
represented: Judge Joseph H. Defrees, Chicago, chairman; 
E. W. Rice, Jr., New York, heat, light and power; Lewis E. 
Pierson, New York, food; John W. O'Leary. Chicago, iron and 
steel; Eugene Meyer, Jr., New York, metals aside from iron and 
steel; Charles Cheney, Manchester. Conn., textiles: John H. 
Kirby, Houston, Texas, wood; Dr. William H. Nichols, New York, 
chemicals; August H. Vogel, Milwaukee, leather; N. E. Carson, 
Riverton. Va.. earthern products; Charles A. Stone, New York, 
industrial professions; R. G. Rhett. Charleston. S. C., Charles 
Nagel. St. Louis, C. S. Brantingnam, Rockford, 111., members at 
arge.

meetings of the Congress at. the Million 
Dollar Pier, Atlantic City.

The general sessions were addm ■■•d by the 
president of the Chamber of Commerce of 
the United States, who emphasized the 
importance of the part that business men 
must play in the reconstruction of our dis
ordered world, and by speakers who are 
national leaders of our industrial progress. 
These men made it remarkably clear that 
we now stand on the threshold of a new era 
and that, as the late President McKinley 
predicted, our period of national exclusiveness 
is past.

Paul Warburg, former member of the 
Federal Reserve Board, expressed the belief 
that the time is near when "American 
dollar acceptances will be outstanding to the 
extent of more than one billion dollars in 
credits granted all over the globe.” The 
stimulus that will be given Amt rican trade 
by this expansion to four times the present 
acceptances of Xew York or twice those of 
London, is apparent. However, it is not a 
matter of displacing London as the world': 
banker, but rather of entering into partner
ship in trade big enough to divide, even 
admitting other partners to share the place 
which Germany has vacated for an indefinite 
future.

Also, Mr. John IL Fahey warned us 
against entering upon our foreign trade 
expansion with an aggressive spirit.

“If we pursue a grab-it-all policy, we <hall turn 
good will into ill will which will last for years. 
And what nation, pray, is going to grab trade from 
us if we do not grab it first? Half . continent 
must be rebuilt. Where are the rebuilding nations 
to get what they need except from th. Unit . 
States? If we do not attempt to grab all. we shall 
continue to hold the nation's trie- . v have and 
shall have prosperity in the rwar years greater 
than we have ever known."
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With respect to the proposition to place a 
boycott on trading with our late enemies, 
Mr. James Farrell said:

" In the presence of the gigantic needs of the war- 
swept territories in Europe and of their poverty- 
stricken population, any application of the old
time methods of competition must sound trivial. 
Co-operation on a large and magnanimous scale 
and in the most sympathetic spirit must be the 
rule if the economic recovery is to be quick and 
thorough. Moreover, we shall greatly lessen the 
possibility of perpetuating in the domain of com- 

she has wrought in Belgium, Northern France, 
Poland, and Serbia, she must have access to the 
raw materials of manufacture, in the conversion of 
which into finished products she may earn the 
money needed to pay her debts.

“As a matter of fact, given the frank acceptance 
by Germany of the terms of peace which will be 
dictated by the Allies, there can be no reason for 
separating her economic wants from those of the 
rest of Europe. These will be sufficii ntly im
perative to use up all the surplus foodstuffs and 
raw materials that can be spared for many months 
to come.”

merce the hatred and bitterness engendered by 
the war if we refuse to be drawn into any conven
tion, agreement, or understanding that would 
make us parties to a boycott of the commerce of 
any of the nations that have been arraigned against 
each other.”

Continuing on the same subject Mr. 
Farrell stated:

“It is certain that if Germany is to be compelled, 
as she ought to be, to repair the wanton destruction

It is interesting to note, that we are well 
prepared to export many of the commodities 
we formerly imported. Some 127 staple 
products formerly imported, we now make; 
before the war wc imported 57,000,000 
worth of dye stuffs annually and we are 
now exporting ¡510,000,000 a year.

To make a big export trade possible, 
ships are necessary. Charles M. Schwab



rrcoxstri ctkix t ()\(;ki:ss <»1- rm. war

made an earnest plea that our imnhanl 
marine activities lie continued unabated. ami 
justification for this reconnnendat imi wa ■ 
voiced by Secretary ol <'ominerci' Rcdlti'ld

" Every ship the world h.i. .iti>l ian git li.i . .ill ut 
its carrying capacities taken tor the next two vai . 
to come. Many ot our ships will be used lor oin 
growing and devi'lopmg tiade with South Aniene.i, 
because a number of our vessels are of a type «huh 
it is not economical to send abroad."

Mr. Farrell stiid that a huge marine licet 
will open to the L'nited St;itcs a new era of 
commercial and industrial development and 
that “nothing but the shortsightedness of 
self-seeking politicians and the misplaced 
activities of injurious friends of labor can 
prevent this tuition front becoming once 
more the foremost seafaring people of the 
world."

'John D. Rockefeller, Jr., proposed an 
industrial creed which was heartily approved 
by the Convention and recommended for 
adoption by the four components of industry 
—capital, management, labor, and the com
munity. The first and last of the ten 
articles composing the creed tire as follows:

(1) 1 believe that labor and capital are partners,
not enemies; that their interests are common 
interests, not opposed, ar.d that neither can attain 
the fullest measure of prosperity at the expense 
of the other, but only in association with the other.

(10) I believe that that man renders the greatest 
social service who helps to afford the largest num
ber of men the greatest opportunity for self
development and the enjoyment by every man of 
those benefits which his own work adds to the 
wealth of civilization.

The following brief and pleasing forecast 
of our national status after the present 
transition period was made by Mr. Warburg'

“As I look through the telescope into the period 
following that of transition 1 see a L'nited States 
to which the world at large will be heavily indebted, 
and to which annually hundreds of millions of 
dollars will be dne as interest on loans extended, 
in addition to the hundreds of millions due in 
payment of the raw materials we shall be able to 
spare for other countries. I see an industrially 
highly developed country, which, with the excep
tion of a limited number of articles, will be ca
pable of producing most of the necessities of life 
for the consumption of its own people. I perceive, 
therefore, a country amply protected by a vast 
annual international credit balance, a country 
which by keeping some portion of its foreign se
curity holdings in the form of reasonably short 
obligations should be able to protect itself against 
any serious encroachment upon this creditor posi
tion; a country owning a high gold stock; a 
country, in short, which need not give itself any 
great concern with regard to its power to maintain 
the parity of the dollar exchange all over the 
world."

I.RVH I. I < |\| \| I I I 1,1.

Al the final session. 1 >< ember nth. the 
('•ingress received and accepted the report 
of the Clearance Committee on Reinin'ions. 
The section of the report which arou-ed the 
greatest enthusiasm was one which author
ized the president of the Chamber of Com
merce. after consultation with representatives 
of other appropriate bodies, to appoint a 
commission of American business men to go 
to Europe without delay to study at first 
hand the reconstruction needs of Europe 
and to be available to the petice delegates 
of the L'nited States for any needed business 
inf< irmation.

The other resolutions adopted by the 
Congress, and of particular interest to the 
readers of this magazine, follow:

Cancellation of II ar Contracts. It is in the 
public interest that all war orders ’placed by 
any contracting agency of the government 
and accepted in good faith, whether formally 
and regularly executed or not. should, upon 
cancellation by such contracting agency, be 
promptly and equitably adjusted and satisfied 
as if every formality had been observed, and 
when so adjusted the amount ascertained 
to be due by the government should be 
promptly paid to the end that these funds may 
be utilized by the industries of the country 
to speed their transition from a war to a 
peace basis.

If it should be ascertained that legislation 
is necessary or desirable to accomplish this 
end. Congress should forthwith enact such 
legislation.

Officials dealing with questions of adjust
ment on account of war orders must neces
sarily be familiar with all the conditions 
affecting the order. It will greatly promote 
expedition and the interests of both the 
government and private enterprise 'for the 
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officials who made the contracts to remain in 
the government service to participate in 
the readjustments.

Surplus Government Supplies. Under date 
of November 29th, the Secretary of War 
issued a public statement: “To prevent too 
violent dislocation of industry from the stand
point of both employee and employer, 
accumulation by the War Department of 
either raw material or finished product will 
be distributed when and where liquidation of 
such supplies will least interfere with the 
return of industry to normal condition.” 
Such action would seem to insure the stability 
of the industries affected which fully appre
ciate this liberal position.

Therefore the War Service Committees of 
American Industries hereby tender to the 
War Department their services for their 
respective industries for the purpose of 
advising with and assisting the War Depart
ment in the disposition of such materials.

Removal of Restrictions of Industry. It is 
in the public interest that all war regulations 
of industry should be revoked and all war 
restrictions on industry should be removed 
as speedily as practicable, save such industries 
as are engaged in the production, preparation, 
or distribution of foods, feeds and fuel 
and such last-named group of industries 
should be freed from war regulations and 
restrictions as early as consistent with the 
welfare of this nation and of the Allies.

Industrial Co-operation. The war has 
demonstrated that through industrial co
operation great economies may be achieved, 
waste eliminate !, and efficiency increased. 
The nation should not forget, but rather 
should capitalize these lessons by adapting 
effective war practices to peace conditions 
through permitting reasonable co-operation 
between units of industry under appropriate 
Federal supervision. It is in the public 
interest that reasonable trade agreements 
should be entered into, but the failure of the 
government to either clearly define the divid
ing line between those agreements which 
are and those which are not in unreasonable 
restraint of commerce, or to provide an 
agency to speak for it on application of those 
proposing to enter into such agreement in 
effect restricts wholesome co-operation and 
deprives loth industry and Hie general 
public of its benefits. The conditions incident 
to the period of readjustment renders it 
imperative that all obstacles to reasonable 
co-operation be immediately rcmo\ ed through 
appropriate legislation.

Public Works. The development of public 
works of every sort, as recommended by the 
President, should promptly be resumed, in 
order that opportunities of employment may 
be created for unskilled labor.

Inventories We urge that Congress should 
give careful consideration to the grave 
menace now facing all industry due to the 
fact that both raw materials and. finished 
goods are carried in full measure to meet the 
extraordinary requirements of the government 
and of the people, and that in large part the 
stocks have been acquired at abnormal cost 
and are therefore carried into inventories at 
inflated values, thereby showing apparent 
profits which have not been realized, and 
which probably will never be fully realized. 
These are largely’ bookkeeping or “paper” 
profits, and should not be used as a basis for 
taxation.

We therefore recommend that any’ tax law 
shall provide that during present conditions 
the taxpayer shall be allowed to make a 
deduction from his apparent profit by’ way 
of a reserve for a subsequent shrinkage in the 
value of merchandise.

We believe that the interests of the govern
ment can be protected against abuse of this 
privilege by’ the fixing of a maximum per
centage of deduction to be allowed, and by 
the use of proper methods of inspection and 
appraisal.

Railroads. The Congress of the United 
States should speedily enact legislation provid
ing for the early return under Federal charters 
to their owners of all railroads now being 
operated by this government under Federal 
regulations permitting the elimination of 
wasteful competition, the j ooling of equip
ment, combinations or consolidations through 
ownership or otherwise in the operation of 
terminals, and such other practices as will 
tend to economies without destroying com
petition in service.

Means of Communication. We are opposed 
to government ownership and operation of 
telegraphs, telephones, and cables.

Merchant Marine. We recommend that 
the const ruction of a great me rchant marine 
be continued and amplified, and that its 
operation under American control be kept 
safe by such legislation as may be necessary 
to insure its stability and its lasting value 
to American industries.

Port Facilities. The recommendations of 
the Port and Harbor Facilities Commission 
of the United States Shipping Board for 
development of ports arc supported. Vessels
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«il lorcign register needed h>r mir comme rce' 
by sen are attracted to libre port', which me 
best lilted to coal, to load ami to milmnl 
cargoes, ami thus protide memi . fora quick 
t urn-around. Alter ascet i .'lining the port 
facilities of European countries, ami their 
plans for further development, the ( ‘om
mission has recommended that there' should 
be a local port commission at each of the 
important ports upon our coasts, that upon 
these commissions there should be represen
tatives of industrial, commercial, ami rail
road interests centering at the.' port, that 
facilities should be installeel to meet the 
needs of the port, and that a zone system 
should be arrangée! by which exports ami 
imports would How through these ports 
which are within economic transportation 
Eistance of the points of origin mid destina
tion. There shouhl be co-opcratiem with the 
Facilities Commission in its task of expanding 
means which will enhance the position of the 
United States among maritime nations.

Public Utilities. Public utilities have faced 
difficult problems, which have been accen
tuateti by conditions arising out of war. 
'1'he development and efficiency of such a 
utility as local tranMortation has immediate 
importance for every community. It is 
recommended that the Chamber of Com
merce of the United States should appoint a 
committee to investigate and study the 
question of local transportation as it relates 
to the control of rates and service, franchises, 
taxes, the attraction of capital into the 
business, and such other questions as the 
committee may find pertinent. Such a com
mittee should report its recommendations to 
the Board of Directors of the National 
Chamber, and the Board should deal with 
them in accordance with the established 
procedure of the Chamber.

ll'afcr Powers. Industrial activity is de
pendent upon the available supply of power. 
A bill which would affect the development of 
hydroelectric power upon waterways and 
lands which are subject to Federal juris
diction is now before a committee of con
ference between the two Houses of Congress. 
It is important in the public interest that 
Federal legislation on this subject should be 
enacted without further delay. We accord
ingly urge that the conference committee 
arrive at an acceptable form of legislation 
in season for enactment at this session of 
Congress.

European Commission. The business men 
of the United States, having devoted their

rlK i gli". albi I <■ • mo > I 1 I • 
i>1 1 In- war. o ;\iI die <,1 ;u 1111■ < ■ a b J. ■ 
in lip] u >rt ni 111< ■ pi mil ph- Im v. 111 < 11 I i

In the accolli]ili-liment <>l tiw <• re nil the
highest efficiencv <if tin- great cemtner. i.d 
and industrial powers of our own cmmiiv 
ami t hat of t he Allied nat ions will be det effiped 
only through co-operative effort ami common 
counsel.

In order, therefore, to contribute to the 
fullest toward the prompt solution of the 
problem presented, the Chamber of ( om- 
merce of the United States is requested to 
enlist the co-operation oi national bodies 
devoted to the extension and promotion of 
American commerce and particularly foreign 
trade, in the appointment of a commission 
representative of American business, which 
shall proceed without delay to Europe and 
establish machinery for the following 
purposes:

(1) To study at first hand the reconstruc
tion needs of European countries 
in conjunction with business men 
of these nations in order to advise 
the business men of the United 
States as to how they max- be most 
helpful in meeting the necessities of 
Europe and earing for the interests 
of American industry ami commerce.

(2) To be available to the peace delegates 
of the United States for any needed 
information which they may be 
able to present or for any other 
aid which may be given by the 
business men of the United States 
through the medium of such a 
commission.

The Chamber of Commerce of the United 
States also is requested to appoint members 
of the Commission to represent the business 
men of the United States at the forthcoming 
meeting of the Permanent Committees of the 
International Congress of Chambers of Com
merce.

Markets for Foreign Trade. AVe strongly 
urge upon our government the vital necessity 
of encouraging and developing our foreign 
trade through all appropriate means possible, 
in order that the production of industry may 
afford employment to wage earners and 
prosperity to the nat ion.
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South American Relations. It has long 
Leon the policy of this nation to cultivate 
relations of close sympathy with the nations 
of the Western Hemisphere as expressed in 
the Monroe Doctrine. We believe that 
these relations should be supplemented and 
strengthened J >y a vigtirons development of our 
commercial and financial associations with our 
neighbors of North and South America.

The government's control of shipping 
should be brought to the accomplishment 
of this purpose as soon as it is consistent with 
other urgent meds and the work of the 
Pan-American Union should be continued 
and broadened in scope.

Property Rights in Mexico. By provisions 
in the constitution adopted while much of the 
country was engaged in civil strife, and 
through subsequent legislation, Mexican 
authorities have threatened rights acquired by 
Americans in good faith, especially in minerals 
including pétrole um. Against threatened con
fiscation the American government made 
formal protests. The attitude taken by the' 
American government is heartily commended 
as in accordance with obvious justice1.

Education in Foreign ( 'cnnmcrce. In the 
larger opportunities which are to be1 opened to 
American business men to play a pi rt in the' 
international commerce of the world, the' 
n vil will be felt for more men who are 
ti-lined to a knowledge ami understanding of 
the- language, the business methods, and the 

habits of thought of foreign lands. Com
plete success can only come to those who 
succee d in putting themselves into full 
accord and sympathy with the peoples with 
whom tiny are to deal.

We urge upon our industrials that they 
take steps to provide opportunities to young 
men to obtain an education in the practices of 
overseas commerce and finance and in the 
practical use of foreign languages.

We call the attention of the various'depart
ments of government and of educators to the 
importance of this matter and ask that special 
efforts be made to supplement the valuable 
work already done and to open up every 
facility to the furtherance of a successful 
prosecution of this educational work.

Cost Accounting. It is the sense of this 
convention that uniform cost accounting 
should be adopted by industries.

Mational Trade Associations.' The ex
periences of the" war have clearly demonstra
ted the value of national trade organizations 
ami their service to the country- as well as to 
indust ry. , •

This conference heartily approves the plan 
of organizing each industry in the country in 
a representative national trade association 
ami expresses the belief that every manu
facturer, j<ibber, ami producer <if raw materials 
should be a member of the national organiza
tion in his trade and cordially support it in its 
work.



Some Developments in the Electrical Industry 
During 1918
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Although the activilics in the electli.al imliistiv .luring 1'>IS were niainlv ii.non'r.i'i hi
tion anil tipplication of existing <h->igns to t he war ic<|inrein< nt. <.1 the c>.lint rv, ari'l h. n> ■ i .. •/••• •
new apparatus ami new applications was restricte.l, there \ia- still a urprising number "! .c . uc ri' 
notable character that are to be rri'ioled. Emma.

The electrical industry is indissolubly 
connecWj with every plirisc of our war- 
quickened production; in the mining of coal 
and ores, the refining and shaping of metals for 
ships and munitions, the making of chemicals, 
the handling and refining of foodstuffs, 
and in the operation of freight terminals 
and shipyards.

Not only in the production but in the 
operation of a considerable percentage of our 
military equipment is electricity depended 
on: The movement of guns, turrets, ammuni
tion hoists, and steering gear of our battle 
fleets; the energizing of telephone, telegraph, 
radio, and X-ray outfits; the underwater 
travel of our submarines; the protective 
lighting for construction; and the stabbing 
rays of our military searchlights on land and 
sea are all rendered possible by the application 
of electrical energy.

Baek of all of these operations are the 
generating equipments large and small; the 
mammoth central station transmitting current 
to hundreds of centers of industry in large 

areas, the smaller plants in isolated mm<- . 
mills, yards, factories, and on dupboard. 
down to the tint' portable generators utilized 
for field work.

Under these conditions it was entirely 
natural to limit new devices in the electrical 
industrv to those approved by the authorities 
as being of direct advantage to the speeding 
up of our war production. These circum
stances explain the relatively small amount 
of distinctly new apparatus which was 
produced during the past year.-as compared 
with previous periods when efforts were to a 
verv large extent concentrated on commercial 
problems.

Nevertheless, the year Ibis saw a number 
of notable achievements 'in the electrical 
industrv, the completion of important equip
ments begun nnor to our entry into the war, 
a vastly augmented production along certain 
lines necessitated by war demands, and a 
certain number of improvements of such 
character that their development expedited 
production and secured increased economy

Fig. 1 45,000-kw.t 50.000-kv-a. Curtis Steam Turbo-generator
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Assembly of Large Steam Turbine Generators, Schenectady Works, General Electric Company 
This view shows one bay of building No. 60 in which single-unit steam turbine generators 

ranging from 2500 to 50,000 kilowatts in capacity are assembled and tested
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<>r <Hi<ieiicv, and \\<-i<- t IkicIoio uutlioii/j.f 
despite llu- gi-iK-ial limit al ion-, 1111 ] ■<>.<-< I on 
t he indiisl rv as a w li<'h-

.Xs in previou. ailuli . on tin-. • iilijcet llio 
electlieal apparatus ivp rrcd to produced 
by the General Electric Company, but .me.
as tin indication ot the ten
dencies, in design and con
struction, of the electrical 
manufacturing indust ry as a 
whole.

Turbines
Steam turbines have been 

very generally adopted for 
the propelling equipment of 
battleships, destroyers, and 
cargo boats, and they also 
constitute the prime movers 
for generators which supply 
current for the operation of 
shipyard machinery, nitrate 
plants, and a great variety 
of industries engaged in war 
work.

For this reason in 19 is as 
in 1917 every effort was made 
to increase the production of 
turbines of types already de
veloped. The result of special
ization on established types, 
together with increased fac
tory facilities, is shown by the 
fact that in spite of labor 
shortage the kilowatt capacity 
of the turbines shipped in 191 s 
was approximately three and 
one half times greater than the 
maximum production prior 
to 1916.

The 45,000-kw.. 5(MH)0-kv-a. turbine
generator (Fig. I.1 built tor the Detroit

Fig. 2 Fig. 3
Turbo-generators for Locomotive Headlights

Edison Co., which was referred to in last 
year’s Review, was completed and installed 
together with the auto-transformer for

Fig. 4. 32,500-kv-a., 150-r.p.m., Three-phase, 25-cycle, 12,000-volt Waterwheel Generator 
Now Under Construction for the Niagara Power Co. When completed it will 

have greater capacity than any existing waterwheel-dnven unit

power for the operation of incandescent head
lights and cab lamps on steam locomotives, 
and has several unusual features. It weighs 
approximately 275 lb., is 16 inches high by 
22 inches over-all length, and can be wound for 
either 175 watts at six and one half w Its cr 
599 watts at 33 volts.

A pressure-reducing valve maintaining 
about 100 lb. nozzle pressure provides for 
operation on boiler pressures ranging between 
125 and 225 lb., and due to the action of 
this pressure regulator a constant speed is 
maintained with constant load.

Load regulation is obtained by t le use of a 
magnetic brake consisting of a radial pole 
piece with a differential winding mounted 
on the hub of the magnet and a cop- er disk 
riveted to the face of the turbine wheel.
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This copper disk rotates about the stationary 
pole piece so that when the magnet is ener
gized eddy currents are induced in the disk, 
thus producing a drag upon the turbine wheel 
which is proportional to the extent to which 
the pole piece is magnetized.

The series and shunt windings of the 
brake magnet are so proportioned that when 
the machine is fully’ loaded the series coil 
neutralizes the effect of the shunt coil, and 
consequently no magnetization lakes place 
and there is no drag on the copper disk. 
If pan of the lamp load is removed, thereby’ 
decreasing the current through the series 
coil, the shunt coil magnetizes the pole 
piece and produces a drag upon the turbine 
disk which slows the machine down enough 

continued unabated during 191S. A consider
able number of generators of varying capacities 
were designed and constructed for operation in 
France, Italy, Spain, and India. Among these 
were two 10,500-kv-a. units lor Italy and six 
10,000-kv-a. units which formed part of a com
plete hydroelectric equipment for the Andhra 
Valley development in India.

In addition to the 10,000-kv-a. generators, 
this development will utilize two 12,500-kv-a., 
22,000-volt synchronous condensers -which 
are now under construction. These units 
represent the maximum voltage rating for 
synchronous condensers.

The generators for foreign countries include 
four lOS-pole, slow-speed, vertical-shaft units 
which have greater physical dimensions than

Fig. 5. Nine of the Ten 10,000-kv-a., Three-phase, 6600-volt Cedar Rapids Generators Installed During 1914. Two 
additional units installed in 1918 are equipped with spring thrust bearings

to maintain practically constant voltage 
at the decreased load.

With this method of governing, practically’ 
constant voltage is maintained from no load 
to full load. It is also impossible to burn out 
field and armature coils, due to the fact that 
with an overload or short circuit the brake 
magnet slows the speed of the machine down 
as in the case of an underloacl.

Alternating-current Machines
The maximum rating for waterwheel 

generators was increased to 32,500 kv-a. 
by’ the machine shown in Fig. 4 which is now 
under construction.

Apparently due to the increasing cost and 
difficulty’ in obtaining coal in foreign countries, 
the excej>ti(mal demand f<>r waterwheel genera
tors, which was referred t< mi last year’s Review, 

any heretofore constructed for foreign ship
ment. They are to be installed in the Mauzac 
Power Station, France, are rated 2S57 kv-a., 
55.5 r.p.m., 5500 volts, three-phase, 50 cycles, 
and are designed to operate under hydraulic 
heads of from three to five meters. Their 
dimensions are: diameter 26 ft. 4 in., and 
height 13 ft. 6 in. The spring thrust bear
ings with which they are equipped wilQeach 
carry a live load of 310,000 lb.

Spring thrust bearings were applied to 
larger generators than in preceding years. 
Two of the 10,000-kv -a., 55.6-r.p.m. generators 
I Fig. 5) supplied to the Cedars Rapids Manu
facturing and Power Co. of Quebec were so 
equipped, the live load imposed on the bearing 
being 550,000 lb.

Notwithstanding this great weight, the 
machines when started, run, and stopped in 
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varying tests showed th;it no wipml ol tin 
contact surfaces hail iiccmTcd and there w<tc 
no indications of ew'.-.ivc pre .•.tire or 
temperature til anv point. There wa . al " 
an entire absence of the noise iisitallv a..o- 
ciated with the operation of large str.pen ,nm 
thrust, bearings.

These bearings have an outside diameter of 
about ati in. and inside diameter ol L’s in.

While not an electrical development, it 
may be inlercsting to note th:it this type of 
thrust bearing has recently been applied to 
the propellor shafts of ships.

The first installation of this kind was made 
on a twin screw scout cruiser in March I'.tl.s, 
and while it has been impossible as yet, for 
service reasons, to open and examine these 
betirings for possible wear, they apj»v;ir to be 
functioning perfectly. The propellor shafts 
revolve at 3S0 r.p.m. and the betirings each 
sustain a maximum thrust of 75,l)t)() lb.

Direct-current Machines

A study of methods to protect direct
current machines from flashing, due to short 
circuits, has been in progress for several 
years. During IDIN there were placed in 
commercial operation a number of machines, 
particularly synchronous converters, with 
automatic substation control, equipped with 
a type of Hash barrier (Figs, li and 7.) that has 
greatly reduced the damage possible when 
short circuits occur.

Fig, 6. Flash Barrier for Direct-current Machines

These barriers are also being used on 
3000-volt motor-generator sets built for the 
Chicago, Milwaukee N St Paul Railway. 
Tests recently’ made show that they are very- 
effective.

The production of submarine motors rated 
at 750 h.p. involved special features of design

Fig. 7. SOO kv a.. bOO volt Synchronous Converter 
Equipped with Flash Barriers

The motors are enclosed and are cooled by 
forcing air with a separate blower into the 
commutator end of the machine and out 
through the fields and horizontal ventilating 
duets through the armature to an exit at the 
back end of the motor. The requirements 
for quiet running and minimum magnetic 
disturbances involve a special arrangement 
of the armature punchings.

Electric Traction

In the electric traction held, the manu- 
faeture of equipment was generally limited 
to standard designs and, for the most part, 
to city and interurban equipment required 
because of war conditions, such as canton
ments. shipyards, munition plants, and other 
war industries.

Where financial arrangements could lie 
made, very necessary rehabilitation of prop
erties was undertaken to cope with the 
rapidly increasing costs of operation. With 
the exception of projects already initiated, 
no further steps wire taken during the year 
looking to the electrification of steam railroad 
systems.

Electric railways of necessity added to 
their power house equipment and. where 
power was purchased, have been the indirect 
cause of increasing the capacity of power and 
lighting companies. < hie of the most con
sistent sellers in the electric traction field 
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was thè automatic substation, the number 
of orders equaling, if not exceeding, the 
previous year’s business.

Electrification of Steam Roads
Work on the electrification of the Othello, 

Seattle, and Tacoma divisions of the Chicago, 

includes 14 car equipments, each with four 
GE-263,55-h.p., 600/1200-volt motors (Fig. 9), 
PC-101 control, G-E straight air brakes, and 
four 60-ton locomotives each equipped with 
four GE-251 600/ 1200-volt motors and PC- 
201 control. The electric power equipment 
includes two S0()0-kv-a., waterwheel driven

Fig. 8. One of the Eight 2000-kw., 3000-volt, Three-unit Synchronous Motor-generator Sets 
Under Construction for the Chicago, Milwaukee & St. Paul Railway, Othello, 

Seattle & Tacoma Division. Twenty-three similar sets are in service 
on the original electrification from Harlowton to Avery

Milwaukee & St. Paul Railway is now 
approaching completion over the entire 211- 
mile zone, and the change from steam to 
electric operation is predicted early in the 
present year. Bonding and line construction 
work is nearly finished, substations are being 
equipped (Fig. 8), and locomotive delivery 
will probably be started in the early spring.

On the original 440-mile zone electric 
operation continues to give the utmost 
satisfaction. The 44 locomotives, 14 sub
stations, and 600 miles of line material, all 
of which were supplied by the General 
Electric Company, have given practically 
no trouble since being put in service early in 
1916.

Service is gradually being inaugurated 
on the electrified terminal of the Canadian 
Northern Railway where six S3-ton, 2400- 
volt, direct-current locomotives are hauling 
trains under Mount Royal into the new 
Montreal Terminal.

During the year, the Xi w York Central 
Railroad put. into service a 20,000-kv-a. 
Curtis turbine generator set at the Port 
Morris Power Station. This unit, which is 
of the most improved type, relieves the 
four vertical units of equivalent rating from 
continuous service and, because of its much 
higher efficiency, has effected a great saving 
in coal.

One of the large foreign orders was for the 
electrification of the Cienfuegos, Palmira & 
Cruces R. R. in Cuba. This contract 

generators, three 500-kw. synchronous motor
generator sets for 1200 volts direct current 
with the necessary transformers, switch
boards, and switching equipment, and a 
portion of the line material.

Automatic Railway Substations
There are now in actual service 26 

automatic railway substations installed by 
the General Electric Company, one of these 
( Fig. 10) being a two-unit station. As in the 
single-unit stations, the functioning is entirely 
automatic, the second unit starting up

Fig. 9. GE-263, 600/1200-volt Ventilated Railway Motor

when the load demand exceeds certain pre
determined limits and dropping out when the 
demand is reduced to the capacity of a single 
machine.

The Salt Lake, Garfield & Western Rail
way, formerly a steam road, placed a contract
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Fig. 10. Automatic Substation Equipment Installed for 
the Rhode Island Company. Oakland Substation, 

Controlling Two 300-kw.. 600-volt 
Synchronous Converters

Fig. II. Light-weight Safety Car Equipped with GE-258
Motors. Keokuk Electric Co.

The rolling slock includes six motor cars, 
each equipped with four GE-241) 75(1 1.5(H)- 
volt motors and PC-101 control. An in
teresting feature of this equipment is the 
small motor-generator set*  for supplying 32- 
volt current to the control and lighting 
circuits.

Fig. 12. Type PC-5 Controller

There are under construction about 30 
additional automatic substation equipments 
for controlling railway units of various sizes, 
both synchronous converters and motor
generator sets.

* General Electric Review, Feb.’ 1918. p. 124.

these roads, the Philadelphia & Western 
Railway, is a third-rail system connecting 
Philadelphia and Norristown and operates 

• >4 miles of track. The entire power dis
tribution system is being re-constructed, 
changing the frequency iron. 25 to GO cvcles, 
and arrangements have been male for the 

purchase of power. Two 
new substations are being 
constructed and re-located, 
and a third substation 
equipment is being in
stalled in the power house. 
The new equipment in
cludes seven 750-kw. svn- 
chronous converters to
gether with transformers, 
switchboards, and signal 
power equipment.

Another interesting im
I rovement was undertaken 
by the Cincinnati. Law
renceburg X Aurora Elec
tric Street. Railway, ope
rating about 32 miles of

. . interurban line between
Cincinnati and Aurora. Ohio. The road was 
originally operated from an engine-driven 
direct-current power house which is now 
being replaced by two automatic railwav 
substations, each equipped with a 2C)0-kw.. 
commutating-pole. 60-cycle synchronous con-
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Fig. 15 20-ton Standard Gauge Storage Battery Locomotive Built for 
Newport News Shipbuilding & Drydock Co.



Fig. 16. 20-ton Storage Battery Locomotive Used for 
General Freight Car Shifting
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verier. I’ower Will lie li.i id .(lid ilu 
operation ol a powci hmi c di pen cd with

Seven new 11p t< >-<I:■ 1 <- p.i eiiecr । ar imr 
also purchased, each iqinppid with mur 
( i E-25S motors. Tin- mirhl ■ I he ,e < ,tl
is less than hall that ol l lie old rolhn;' • Io k. 
thereby eiil t ing I he ] iow er coi rum pl uh1 in Iwo 
'Die full benefit of thi' .at mg r- rea 1/ed b\ 
the purchase ol power. 11ni', a\Hiding the 
standby and light load losses emailed in the 
operation of an isolated power plant

The light-weight safely ears i Fig II i 
equipped with l>li-’_W, 25-h.p. motors, K ti3 
control and CI’-27> compressors hate been 
most popular in the replacement of older and 
heavier equipment. The Winnipeg Electric 
Ra Iway purchased HK) GE-25s moiors fur 
use on 1011 reconstructed cars, making thor
oughly modern equipments.

The GE-247, 40-h.p. motor has also been 
a favorite, especially in the vicinity of ship
yards and other war industries. More than 
500 of these motors have been furnished for 
the lines running to Ilog Island and 100 
motors for the Philadelphia Rapid Transit 
in the city of Philadelphia.

This company also purchased 400 GE- 
203-?, 50-h.p. motors for the League Island 
Navy Yard Line. The Boston Elevated 
Railway also ordered 400 GE-247 motors tor 
use on city lines, duplicating a previous 
order for the same number. A larger part 
of the GE-247 motors mentioned arc operated 
with Type PC-5 control.

In the rehabilitation of the United Traction 
Company’s equipment in Albany. N. Y., 14 
two-motor equipments were used. The motors 
are GE-203-P, 50 h.p., and the control is PC-0.

Other important orders are as follows:

Twin City Rapid Transit Co. 
New York Municipal Railway

(making a total of 120m . .
Capitol Traction Company . . 
Washington Ry. N Eiec Co.

(Both above use K-66 
control for 2-car train 
operation).........................  

Newport News & Hampton
Ry. & Lt. Co........................

200 GE-200 Motors

200 GE-24S Motors
Mi GE- 247 Motors

200 GE-200 Motors

40 GE-247 Motors 
and PC-5 Control
I Fig. 121
72 GE-2O3-P Motors 
and K Control

Boston Elevated Railway
(replacing older type) 264 GE-2O3-P Motors 

Sacramento & Northern R.R.
(Fig. 13)................................ 1 60-ton, 600-volt

Elec. Locomotive
So. Manchurian Ry...............  4 56-ton, 1200-volt

Elec Locomotives
Commonwealth Edison Co . 1 till-ton, 600-yolt

Elec. Locomotive

11 'I

Mumu', mi I L' I u-a * * I ■

Fig 17. Arrangement of Storage Batteries on 20-ton 
Locomotive

haulage locomotives may be designed to give 
great tractive effort under exceptional route 
limitations.

At 2(1 per cent tractive effort ( Ki.IKKI Ib.i, 
its speed is seven m.p.h. and as it has to pass 
through a relatively low tunnel its dimensions 
were necessarily restricted. Its over-all length 
is 31 ft. S in.; width 0 ft. 1 in.; and height 
over cab 0 ft.

The largest storage battery locomotive 
Fig. 15' was placed in service about the 

middle of the year. It is a 25-ton standard
gauge double-truck unit and is used for 
general freight car shifting 'Fig. Ito by the 
Newport News Shipbuilding and Drydock Co.

The 200-volt battery Fig. 17 with a 
capacity of 030 ampere-hours consists oi 
20(1 cells arranged 100 in series, and supplies 
current to four series-wound motors which 
drive through single reduction gears; series-
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parallel control is provided. As a result of 
the satisfactory service secured with this 
locomotive a duplicate was recently ordered 
and is now under construction.

A smaller standard-gauge storage battery 
locomotive rated at 12 tons ( Fig. IS) and used

Fig. 18. 12-ton Storage Battery Locomotive Used for Yard 
Shifting and Provided with Special Footboard

for yard shifting has certain unusual features. 
The two series-wound motors drive through 
single reduction gears and current is sup
plied by a 450-ampere-hour, 160-volt battery. 
Series-parallel control is used with straight 
air brakes.

Around the frame of the locomotive there 
is a footboard on which the operator can 
stand or walk from end to end of the loco
motive platform. It is therefore easy for 
him to not only run the locomotive but also 
to throw switches when required without 
leaving the locomotive; the necessity for a 
switchman being thereby avoided.

Mine Hoists
Although in the field of mining as in so 

many others new development was curtailed 
to a great extent to allow production in the 
greatest possible measure with existing equip
ment, nevertheless some notable electric 
hoist installations went into commission. 
These are found especially in the soft coal 
fields of the Middle West.

At the Middle Forks Mining Company, 
Benton, Illinois, a new electric shaft hoist 
was put into successful operation. It is 
driven by an 1150-h.p., 450-volt, direct-cur
rent motor, the armature of which is mounted 
on an extension of the drum shaft. The 
motor operates on the Ilgner Ward-Leonard 
system receiving power from the alternating- 
current supply main through a flywheel 
motor-generator unit, which in conjunction 
with the regulating devices equalizes the 

Fig. 19. Coal Hoist Driven by 800-h.p., 350-r.p.m., Direct-current Motor Through Reduction Gears and Controlled 
by Ward-Leonard System. Synchronous motor-gene rat or set in foreground
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power demands. The demand on the \ .fem 
is maintained to mi approximately 1111i1<in11 
value of oOO kw. dmim; hoi’itinp, alllioujdi 
the requirements ol the Imr.l during .■iccikra- 
tion approximate 1200 kw,

'I'he Vandalia Coal Company has now in 
regular service three new electric hoists at 
its shafts in southern Indiana. All operate 
on the Ward Leonard system, the motors 
of the power sets in these cases being ol the 
synchronous type. no flywheels being used. 
Twu of these hoists are driven liv SOOh.p., 
351 )-r.]>.tn., 5()0-\olt motors ( b'ig. 19) through 
herringbone gearing, and the other, a 
converted steam hoist, by a Ii75-h.p. geared 
motor at •1(10 r.p.m.

An installation of especial interest now 
nearing completion is that of the Chicago, 
Burlington X Quincy Railway at its mine at 
Wilier, Illinois. A 1350-h.p. motor direet- 
eoupled to the drum shrift will drive this 
hoist and will receive its power through a 
flywheel motor-generator set. 'I'he unique 
feature of the control consists in its semi
automatic character. 'I'he trip is started by 
a man at the bottom of the shaft by throwing 
a control lever, and slowed down and stopped 
automatically at the dump. This installation 
is noteworthy also from the fact that the < oal 
is hoisted in a specially designed skij> of 
22,1)00 11>. capacity, instead of in cars, as is 
the usual manner.

Among the large hoist equipments placed 
on order during the year may be mentioned 
that for the McKinney Steel Co., for main 
and supply shaft hoists at its iron mine near 
Bessemer, Mich. 'I'he equipment for the 
main hoist will consist of a 1000-h.p.. direct- 
coupled motor at SO r.p.m. with a 1000-kw. 
flywheel motor-generator set, the wheel 
weighing approximately 45 tons. The supply 
hoist will be operated by a 100-h.p., 2200-volt. 
three-phase, slip-ring induction motor. This 
equipment when installed will be the largest 
electrically operated hoist in the northern 
iron country.

Mine Pumps
A mine pump equipment of exceptional 

capacity was under construction for the 
Randfontein Central Gold Mining Company, 
South Africa. It consists of four units for 
installation underground, each comprising a 
centrifugal pump in two sections driven by a 
direct-connected, 175<)-h.p., 1500-r.p.m., 2000- 
volt, slip-ring induction motor, a section of 
the pump being on either side of the motor. 
Each unit will have a capacity of 1200

pillion . ol w at । I pi i mi oui । ‘ o'.d
head o| 2000 fr. I . ?. In. Ii >on. ; . 1 !.. 
a ppiox i ii la 11 I ■. i 000,00(1 -, alloii "I ■ .!< r 
| icr 2 I diom da', loi I In- ' nt n < n|in:.ii " '

Oil Writ,

A . a notable indication ol Iki mo- ■ u , ni 
the Empire ( Ills X Fuel ( 'o.. one ol I 11< In; 1 
producers in Kansas and < iklalionia, all. r an 
extended survey of its operating condition 
in Kansas placed an order lor 700 cquipm. nt 
to be added to 25 or 30 which had previon ]■. 
been secured, and the work ol m-tallation r 
now in progress. Although the total number 
of oil well motors already in operation 
numbers several thousand, this is tin- large t 
electrification so far attempted by any oil 
company in this country.

Many other oil companies now dr ire to 
electrify extensively, but arc unable to do o, 
because of the lack of available pow. r. 
The central stations, though they an- alive 
to the possibilities and have made ]>l:in- for 
large extensions, are at present obliged to 
hold the latter in abeyance because of the 
financial conditions produced by the war. 
These limitations are of course only tempo
rary.

Recently, the United States Fuel Admini-- 
tration has evinced an active interest in the 
electrification already completed, and is now 
conducting a careful investigation through 
its Bureau of ()il Conservation to determine 
whether this form of drive shows material 
economies in oil production and fuel con
sumption.

Steel Mills
A novel electric drive was designed lor 

operating a 1200-ton hydraulic bloom shear. 
This type of shear ordinarily derives its 
power from a steam-driven hydraulic inten
sifier. Since, however, in the Fairfield Works 
of the Tennessee Coal, Iron X Railroad 
Company no high-pressure steam would lie 
available except by means of a boiler plant 
which would have to be maintained especially 
for this shear, it was decided to use electric 
power.

A rolling mill type reversing direct-current 
motor having a continuous capacity of 700
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Fig. 20. Double Unit Reversing Blooming Mill Motor for 36 inch Blooming Mill Trumbull Steel Co. Two 2500-h p..
50 120-r.p.m., 600-voit shunt wound motors

h.p. at SG r.p.m. and good for momentary 
loads of 350 per cent is coupled to a pinion 
meshing with a rack which drives the inten
sifier plunger forward and reverse. Power is 
supplied by flywheel motor-generator set 
with the customSy liquid slip regulator for 
equalization of the alternating-current input.

The control is Ward-Leonard but of a 
special type. Extremely rapid acceleration 
and retardation must be provided, as under 
the worst conditions of operation the motor is 
required to accelerate to full speed, run for 
about one half second al full speed, and 
retard to rest, all in 21 2 seconds. The control

Fig. 21 Flywheel Motor-generator Set for Blooming Mill Motor Shown in Fig. 20.
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system provide- al-.o ‘'।li .1 am <- "
When the shear operator lliiiov In - h \cr .1 
certain distance in either diiiitmn lln- 
shear will move I ho midi a ।in>|»>t l amal 
distance and will -.lop .ml । miai icallv al a 
position which corn-.pom I in the opciatm ’. 
lever.

It is interesting lo nule that the maximum 
travel of the nitensilivr ram requires a tola! 
of only approximately three and one hall 
revolutions of the motor armatine.

The electrical equipment driving the 36
in. reversing blooming mill at the plant of 
the Trumbull Steel Company al Warren, 
Ohio, was put in operation in June and has

Cram s

been in successful operation since that time. 
This equipment has a double-unit, main-roll 
motor having a normal continuous capacity 
of 5000-h.p. (Fig. 2D) and a momentary torque 
capacity of 2,ODD,000 lb. at one foot radius. 
Power for this reversing motor is derived from 
a flywheel motor-generator set (Fig. 21) con
sisting of two 2000-kw. generators, one 
3000-h.p. induction motor, and one 50-ton 
flywheel.

'The 4000-h.p., S3-r.p.m.. 6600-volt mill 
motor with 110,000-lb. flywheel which drives 
the 3G by 111) in., three-high plate mill, 
known as the Liberty Mill, at the plant of the 
Carnegie Steel Company. Homestead, Pa., 

under construction and nearing completion 
at the close of the year.

Its general dimensions as indicated in 
Fig. 22 are: maximum height from base to 
top of machinery house, 23D ft.; length of 
boom, 3DI) ft.; hoist of block. 170 ft.; minimum 
radius, 41 ft.; maximum radius of the oD-ton 
block, 1DD ft., and of the 351 )-ton block, 115ft.

More than 3300 tons of steel will be used 
in the completed crane, including about 
25(10 tons of structural steel, a 330-ton 
counterweight, and about 35 tons of electrical 
apparatus.

The main hoist is divided into two duplicate 
units, each of 175 gross tons capacity, which 
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can be coupled when the full hoisting capacity 
of 359 gross tons is desired. The crane is 
electrically operated and controlled through
out.

An indication of the size of the machines 
provided for the operation of the crane is 
found in the machinery house, located at the 
rear of the boom (Fig. 22) which is equipped 
with a 35-ton overhead three-motor traveling 
crane for handling the machinery during its 
installation and for subsequent repair or 
replacement work if required.

The main hoists, acting either indepen
dently or coupled together, have a full-load 
hoisting speed of 2.5 ft. per minute and a 
no-load speed of 10 ft. per minute. Each 
main hoist unit is driven by’ an 87-h.p. 
motor equipped for magnetic and dynamic 
braking. • 

has overload and low-voltage releases con
nected in each motor circuit.

The solenoid load brake, developed for 
alternating-current crane motors, constitutes 
an important advance for this class of 
apparatus, as a brief retrospect will show.

Some ten years ago, there was one general 
type of crane hoist mechanism. It made 
use of an electric motor with a solenoid 
brake on its shaft and a mechanical load 
brake in between the motor and the drums. 
The mechanical load brake acts as a coupling 
when a load is being hoisted; but when a 
load is being lowered, some ratchets drop 
into place and cause the mechanism to 
operate as a brake. Springs and screws 
inside of the device are so arranged that it is 
necessary for the motor to drive downward 
in order for either a load or an empty’ hook

Fig. 23. General View of Power Station and Coal Handling Equipment of the 
Baltimore Consolidated Gas, Electric Light & Power Co.

The two main trolley’ motors are each 
rated at 27J2 h.p. and have drum control, 
giving a maximum-load travel speed of 
12 ft. per minute and a no-load speed of 
UK) ft. per minute. When both of the main 
hoist drums are used as a unit, the trolley’ 
drums are also coupled together; and as tach 
pair of motors is thereby’ mechanically’ con
nected, the master controllers of each pair 
are provided with a mechanical coupling to 
insure the synchronous operation of the 
motors and equal division of the load.

The auxiliary’ hoist and trolley have each 
a single driving motor of the same capacity 
as one unit of the main hoist and trolley, 
and their control is identical. The slewing 
motor is rated at 87 h.p. and is provided 
with magnetic braking only.

Protection for the electrical equipment is 
insured by’ means of a panel board which 

to be lowered. All of the potential "energy’ 
which comes out of a body’ being lowered 
goes into the mechanical load brake in the 
form of heat and, in addition, some energy’ 
from the motor shaft also goes into the 
mechanism.

Subsequently, on direct-current cranes, 
this mechanical load brake was very’ largely’ 
superseded by’ a system which makes use of 
dynamic braking on the motor and a solenoid 
brake on the motor shaft. With this system, 
when a load is to be lowered and retarded, 
all of the energy’ is dissipated in rheostats. 
The only’ friction wear on the brake comes 
when the motor is to be retarded from about 
25 per cent of full speed to zero; also when 
the motor is to be stopped after hoisting.

During 1918, the General Electric Company 
brought out for use with alternating-current 
crane motors a system which corresponds
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verv chr.clv Io Ilir d' namic I >i ak m;; \ ,i<ni. 
A solenoid load l>r.il-.i- r. n cd. Tin. i. a 
delice which will .lop ,i molor in exactly 
the same manner a. an ordmarv solcnnid 
brake, but eati be encigi.ad I rum the piimai \ 
and secondary circuit', nl the induction motor 
in such a way as to gi \ c | ,rakmc action \\ huh 
is responsive to the speed of the motor in the 
same way that direct current d\ namic I n akni>: 
is responsive to the speed of the motor 
Thus, a load or an empty hook is lowered 
by means of regenerative braking at full 
speed without involving any friction wear, 
and is stopped and landed by means of the 
solenoid load brake.

Fig. 23a. Perspective of Cableway and Coal Storage for the Power Station Shown in Fig. 23

This system has already greatly extended 
the usefulness of alternating-current crane 
motors, because it eliminates one of the most 
objectionable features on alternating-current 
cranes, viz., the mechanical load brake. 
This is especially true of cranes which are 
required to do a large amount of work, such 
as loading cranes.

Cableways
Ill order to secure rapid and economical 

service in storing and handling coal, the 
Baltimore Consolidated Gas, Electric Light 
and Power Co. installed an electrically 
operated cableway (Figs. 23 and 23a) about 
1000 ft. in length, which is unusual for this 

solenoid operated valves. The f r ict i<>n 1 >rakes 
are similarly air operated and electrically 
controlled.

Serving the coaling tower in which the 
cableway control is located is a motor-driven 
coal hoist for unloading barges, which is">f 
special interest in that it attains a hoisting 
speed considerably in excess of that secured 
by any steam or electric hoist heretofore 
used. This hoist handles a two-ton bucket 
with a vertical lift of 115 ft., and gives three 
round trips per minute.

Winches
Twenty equipments for kite balloon winches 

were under construction, each consisting 
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of a 50-h.p. series motor with drum con
troller, resistor, and protective panel. These 
winches are to be installed on battleships 
lor towing kite balloons for observation 
purposes.

(hi account of extreme variation in rope 
stress, due to variable towing speeds and 
winds, a line control over wide load ranges is 
necessary. Also, the control must be very 
flexible to compensate lor the pitching of the 
vessel in a heavy sea.

A drum controller with 21) points is used, 
the first ten of which give torque variations 
from about 15 to 101) per cent of full-load 
motor torque, and these points will be used 
to give back torque braking to balance the 
rope pull after the balloon has reached the 
required elevation.

The winches are of very special design, 
as they must accommodate several thousand 
feet of rope which must be led to the winch 
through a small hole in the deck. This 
requires strain pulleys which take in the 
rope and feed it to a storage drum, on which 
the rope is evenly wound by a mechanical 
spooling device. This storage drum is de
signed for rapid removal for making quick 
changes in the cable. The cable also carries 
telephone wires for communication purposes.

The increasing use of electric equipment for 
docks, warehouses, etc. was indicated by an 
order for 62 duplicate alternating-current 
winch equipments, each consisting of a 
30-h.p. slip ring motor, solenoid brake, drum 
controller, resistor, and protective panel 
to be used on cargo winches installed at 
the various quartermasters’ terminals being 
built by the government at the various ports. 
They will be used for handling miscellaneous 
package freight up to about 3000 lb. in weight.

Four direct-current control equipments of 
novel design, also for use on cargo winches, 
are being built.. They’ consist of a solenoid 
brake, contactor panel, resistor, master switch, 
and also a double portable master switch 
for each two equipments. The main master 
switch with each equipmei t will be mounted 
along with the remainder of the control 
equipment on the winch bedplate so that 
the winch can be operated singly7 by’ this 
controller when desired.

There is also a socket on the winch bed
plate in which a plug can be inserted which 
connects the portable master controller to 
the winch. When this is done, a mechanical 
interlocking device locks the stationary 
master switch on the winch in the off position 
so that it is inoperative.

The portable switch is on the end of a 100 
ft. length of cable, which cable contains 
control wires for two winches. This cable is 
devided into two sections at the winch end 
so that it can be connected to two winches at 
once. The portable switch has separate 
operating handles for each winch, so that 
one operator can control two winches at the 
same time, which is very desirable when 
handling cargo by the two-rope method, 
which is most commonly7 used. The portable 
controller enables the operator to walk from 
the side of the ship to the hatch and thus 
be in sight of his load at all times. This 
facilitates the work and dispenses with one 
winch man and a signal man.

Package Handling Machinery
The use of electrically operated machinery, 

such as storage battery tractors and trucks 
and portable conveyors and elevators, for 
handling package freight around warehouses, 
transfer yards, piers, etc., was slowly7 increas
ing prior to the war, but when compared with 
previous years, the increase in this class of 
equipment for 1918 is very inarked, and is due 
largely7 to the drastic labor shortage and 
increasing cost of such labor as was available, 
combined with a growing appreciation of the 
economy7 inherent in a system of handling 
quantities of small packages by7 machinery.

A number of railroad transfer yards were 
provided with electric storage battery7 trac
tors which are used for pulling four-wheel 
trailers. These tractors superseded an ex
pensive, slow, and frequently7 congested 
system which utilized hand trucks and direct 
manual labor.

Industrial Heating
The present construction of both the 

vertical, cylindrical, and horizontal high
temperature, heat-treating furnaces involves 
the use of heating units of heavy7 calorite 
ribbon wound up and down vertically7 over 
insulator spools which are supported between 
two horizontal channels running along the 
walls of the furnace. These channels are 
held together by7 spacing studs and bolted 
to vertical columns imbedded in the fire brick 
furnace lining. The channels, vertical 
columns, and all bolts and nuts must be 
made of a metal which will not oxidize at the 
temperatures involved.

While this construction has in general 
given satisfaction, the cost of the equipment 
is somewhat high, due to the large amount of 
calorite required lor the supporting frame
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work. A new method of construction was 
therefore developed in which all metal 
supports were eliminated, thereby materially 
reducing the cost of the equipment and at the 
same time simplifying it.

In connection with the changes in the 
construction of high-temperature furnaces, 
there was developed a special line of furnaces 
in which the heating chamber is of a semi
circular cross section. 'This permits of lining 
the arch of the furnace with ribbon windings 
which are curved edgewise, each convolution 
being spaced three quarters inch from the 
adjacent windings. In this way the work 
receives directly radiated heat from all points 
except from that immediately below where 
the. work rests on the furnace floor. Also, by 
making the inside of the furnace in the shape 
of a semi-circle (Fig. 24), the furnace being 
lined with a high-quality refractory ma
terial, the heat is radiated from all parts 

of the furnace excepting the l>a <■ ir. 
uniformly and at the highest lilicim« ob- 
t ainal >le.

These furnaces can be made in shape-. which 
will take care of the many different kind- of 
work and will perform all the heat-treating 
operations which require temperature-, up to 
1 son deg. F. The temperature in any of 1 he<c 
furnaces must, of course, be automatically 
controlled; this is accomplished by means of 
special instruments which both record and 
control the temperature of the work and 
the ribbon within very close limits.

A tilting type of electric brass furnace, 
which is shown in Fig. 2.‘>. has been in con
stant service for oxer a year and is used for 
melting x'ery dirty scrap alloys. This par
ticular furnace is of liKH-kw. capacitx- and 
will melt approximately IntlO lb. of brass per 
hour. Unit equipments of this type have 
been designed for operation on cither three-

Fig. 25. 1500-lb. Electric Brass Furnace
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phase, two-phase, or single-phase circuits in 
capacities from 600 to 5000 lb.

Heat is generated in the furnace by 
providing on either side a trench with carbon

Fig. 26. Section of Cylindrical Shrinking Furnace

electrodes extending from the front to the 
back of the furnace; through the roof of the 
furnace on either side there are two graphite 

electrodes nearly making contact with the 
cross electrodes, just sufficient space being 
maintained by means of automatically con
trolled motors operating the electrodes to 
maintain a proper arc between the vertical 
and cross electrodes.

The cross electrodes and the lower end of 
the vertical electrodes are buried in car
bon or coke, /J-in. mesh, thereby producing 
a combination muffled-arc-resistance furnace. 
The charge is heated by the conduction of 
heat through the bridge wall of the hearth 
and by the heat radiated from the carbon 
bed to the arch of the furnace, and in turn 
reflected to the charge as in the ordinary 
reverberatory furnace. .

This type of furnace has given excellent 
results, among which may be cited uniformity 
of metal, low metal loss, and an over-all 
economy exceeding that of the present-day 
fuel furnaces.

Repeated tests have shown that by means 
of the automatically maintained current input, 
overheating is avoided and standard alloys 
have been readily made,in the electric brass 
furnace with a loss not exceeding three 
quarters of one per cent. These same alloys 
have then been remelted with metal losses 
not exceeding one half of one per cent. 
These losses, of course, are based upon a full
capacity charge in the furnace.

TABLE I

Electricity Oil Coke

1'uel Price . ................ .
Fuel Quantity per ton.........................................................
Metal Loss—<Zn)............................................. ...........
Zinc Value............................................................... ..................

l't c. per kw-hr. 
K>() 700 kw-hr.
1.5 %
111 cents per lb.

9.8 c. per gal.
50 per gal.

6%

89.75 per ton 
1200 lb.

3%

TABLE II

COST PER TON TWENTY-FOUR HOUR DAY

Electricity Oil Coke

400 kw-hr. C 111 , , . ...................... 85.00
50 gal. oil at $0,008 per gal ........................................... 84.90
1200 lb. coke at $9.75 per ton........................................... $5.85
112 per cent metal loss (Zn). . .................................... 3.00
0 per cent metal loss................. .................................. 12.00
3 per cent metal' loss................... ............................... 6.00
Crucible cost per ton............. ............................. 8.00
Renewals and repairs to furnace....................................... .50 .50
Electrodes and coke..............................................................
5 lb. coke and 4.5 lb. graphite......................................... .50 1
Cost per ton (24-hr. day)................ ...................... 89.00 817.40 819.85
Cost per ton (dirty scrap) 10-hr. dav............................. 12.75 17.40 19.85
Cost per ton (clean scrap)' l()-hr. day ........................ 10.25 17.40 19.S5
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Table 11 gius thè costs of melting Ina.. 
(G5 per cent coppcr and 3Ó per cent zitte) 
under average operaling conditions in,

( I ) An electric fui'nm e as out lined above.
(2) An oil-lircd lurnacc.
(3) A cokc-lired furnace

The niflnl was poured at I UKI deg. and 
the comparison is based on the figures given 
in 'Table I.

The type of vertical cylindrical furnace 
which was designed originally for use in the 
shrinking processes in the manufacture of 
guns has also been adopted for similar 
commercial work on shafts and couplings, 
shrinking tires on metal wheels, etc.; and 
during the past year it was evolved into a 
fully standardized product.

The internal construction and the arrange
ment of the heating units are shown in 
Fig. 26. Furnaces consisting of more than 
one section tire usually equipped with a 
simple hand control which permits bringing 
the charge up to temperature at a uniform 
rate throughout the length of the furnace; 
the maximum temperature being 11)111) deg. F.

Fig. 27. Electric Rivet Heater Rear View 
Showing Switchboard Equipment

When a one-section furnace is used, it is 
ordinarily provided with automatic control, 
but this system may also be utilized, if 
desired, for furnaces of two or more sections 
by means of a master controller.

The ordinary means of heating rivets, such 
as the coke forge and oil or gas furnace, .'ire 

far frolli ali lai lor, , involi in,' ili'- tran - 
porla! ion or pipmg of Imi, i hi attiniion 
and limi' mci' ai\ lor ri unii,' and ognlai mg 
thè de ned lli'.il , and 1 hi- l.'ilgi lo ol rii H 
due lo o\crheal mg. cahng. w Iding tog'lliir, 
l'tc. The <■ londilioir o-nd io mal.i- thè 
presi'ili imi hod I mi h < o- I1 v and im i In ani

Fig. 28. Electric Rivet Heater, Front View, 
Showing Rivet Holding Jaws

Recognizing the potential value of a rivet 
heater which would be efficient, economical, 
easv to operate, portable, and self-contained, 
there was developed a heater of the series 
conduction type which not only fulfills these 
conditions but heats tht rivets in such a man
ner that the shank is hotter than the head, 
and as the result a more ’perfect upset of the 
rivet is obtained without marring the head.

This electric rivet heater (Figs. 27 and 2$ 
consists of a cast frame having a transformer 
mounted on the base, surmounted by a 
water tank for cooling purposes and a 
scries of water-cooled jaws supported in a 
vertical line in front. On the back of the 
frame is a switchboard which contains a main 
line switch, fuses, and a special swivel switch. 
The upper and lower jaws are connected to 
the secondary of the transformer and all 
are adjustable to accommodate rivets of 
different lengths.

The cooling of the rivet-holding jaw.- is 
accomplished by means of a cooling tank 
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which is mounted on the frame and has rubber 
hose connections to the jaws which are 
hollow. This permits a free circulation of 
water through the jaws and prevents them 
from becoming overheated. On continuous 
eight-hour day operation, it is only necessary 
to replenish the water in the cooling tank 
once.

The adjustment of the jaws to take care 
of different size rivets is accomplished very 
simply as they operate on the principle of a 
rack and pinion; the adjustment being made 
on the bottom jaw first and then on each 
successive one to the top.

When the current passes through the 
rivets it heats them from the inside out, and

Fig. 29. 2775-kv-a., 12,000 190- 
volt. Single-phase. Water-cooled 

Transformer

Fig. 30. External View of 2775-kv-a. 
Transformer Shown in 

Fig. 29

The rivets are placed in series, one between 
each pair of jaws, thus closing the transformer 
secondary. Taps from the primary coil are 
brought out lo the swivel switch on the back 
of the frame, giving different voltages across 
the sect mdary. As the secondary voltage is low, 
there is no danger of shock to the operator.

each time a rivet is removed and a new one 
inserted the circuit is broken, thereby allow
ing the other rivets to soak and receive an 
even distribution of heat. No time is lost in 
waiting for the heater to be brought up to 
temperature, as production begins imme
diately after throwing on the power.

TABLE III 

RIVET HEATER CAPACITIES

Kv-a. Number Jaws
Rivet ESTIMATED RIVETS PER HOUR

Diameter Length Max. Rate Min. Rate

6 ‘2 A 1 2 34-2 250 (A x H) 75 (Axil)
12 4 3 8- A 3 4 2 360 GA x A) 100 (?sx2?
18 1 A ■A-2 450 (A x A) 125 (Ax 2)
IS 1 3 4 -1 34-2 260 (A x A' 100 (1x2)
30 b>-l 1G-6 450 (A - A) 100 (1 x 6)
30 4 A -1A 1-0 300 (A X 1) 125 UA-0)
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It is a cotnparal ixi'K ■ niiph- mailer In 
move Ilie rivet he.Her limn pomt Io ]><>iut 
ns con si rue (ion proceed'., as it is sell - coni a med 
and but two lead wires are leqmred Io .upp|\ 
energy to it.

Table 111 gives an outline of the varum . 
sizes ol electric rivet heaters now available; 
the hist two columns show the estimated 
number of rivets per hour that the dillcreiil 
sizes of heaters will handle. The number 
will, of course, be allected by the composition 
of the rivets and any variatimi which max 
occur in the line voltage.

I n lore I he , nd ol 11| I ' 1 n> ld> 111 a ' Hl' e
tian Imim I a/;'te('al hi- mole than ]<Gl IHH> 
k \ a nm apa< it \ ion titilli tin 1 n ; ■ < ! m, le 
in I .dial ion ni I ui 11,11 e 1 ran h u mi :

The meri a .1 in tin numi a I and iza ol 
electric turn.ne . i indie.Tied Io tin number 
nt large I ran .I m iner . de igned and nudi r 
ei nisi rmi ion Im tin <r\ne Tin . ns hide 
eight ■ ’iHO-kx-a . 12.illll 11,1)'. oil; 1w,nl\- 
live .Mllll-kv-a . OiHiiii i:i2<i0-\oil. and • ■. m 
2(HHLkv-a.. I32H0 251II>-Viill . ingle-pha e lin
er eie. wat er cooled unit >, all ol 1 In - eiretilar em I 
const nut imi with did< winding' a embhd

Fig. 31. Alternating-current Tem
perature Indicator 

Front View)

Fig. 32. Alternating current 
Temperature Indicator 

Rear View)

Transformers
A typical instance of the intensified produc

tion of transformers during 19IS is found in 
an order for 37 large units (Figs. 2!) and 30) to 
be used in the operation of carbide furnaces.

The units are rated 2775-kx’-a., 12000 190- 
x'olt, single-phase and are of the xvater-eooled, 
indoor type. Circular eoil construction was 
used, having disk primary and helically xvound 
secondary eoils placed in interleaved groups 
on the eenter leg of a three-legged core. 
Regulating taps xvere provided in the primary 
to gix’e a range of secondary from 130 to 190 
volts in 10-x-olt steps.

This order xvas received February 1st, the 
first three units xvere completed and tested 
by May 1st, and the balance were finished 

interleaved. These three groups will have a 
total capacity in excess of 2(10,000 kv-a.

The demand for transformers to meet the 
special conditions inxolved in the operation 
of recently dex’eloped large spot-welding 
outfits resulted in the adoption of certain 
unusual details of construction.

On account of the high current, it is 
necessary to have the transformers as near 
to the work as possible in order to avoid 
excessive cost of loxv-voltage busbars. This 
requirement practically means that the 
transformer must be an integral part of the 
welding machine, and it is therefore necessary 
that it be as compact as possible.

For eases where it is desirable to knoxv the 
actual temperature of a transformer winding 
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while the load is on the transformer, an 
alternating-current type of temperature in
dicator was designed.*

The thermal element consists of a non- 
inductive exploring coil wound among the 
turns or strands of the transformer winding

OIL CONSERVATOR.

Fig. 33. Diagram Showing Operation of Oil Conservator 
for Transformers

and located so that it will follow closely the 
temperature of the transformer.

The exploring coil, connected through a 
suitable current transformer, forms one leg 
of a Wheatstone bridge. The remainder 
of the bridge is so designed that changes 
in the temperature of the exploring coil will 
affect the balance of the bridge in a pre
determined manner, and this permits the 
calibration of the indicating meter accurately 
in Centigrade degrees.

()ne meter with its auxiliary apparatus 
may be used to indicate the temperature of a 
number of transformers, (Figs. 31 and 32) 
if the transformers are (quipped with explor
ing coils.

in last year’s Ri view, mention was made 
of the. use. of transform ers provided with 
separate expansion .auks or "conservators” 
on large high-voltage units. Many of these 
transformers have been in operation for some 
time; and as they have proved, uniformly 
satisfactory, this construction has been 
standardized on all transformers of the 
highest voltages.

The. conservator serves the triple purpose 
of, first, eliminating the contact between the 
■warm oil in the main transformer tank and

Temperature Indicator for Transformer Winding," by V, 
M. Montfinger and A. T. Childs, General Electric Review. 
June, 1918, p. 396. 

air, thereby preventing “sludging” or oxida
tion of the oil; second, eliminating moisture 
in the main transformer tank, since any 
condensation from the air takes place in the 
conservator and is trapped; third, eliminating 
air and gasses in the main transformer tank, 
thereby preventing explosions. Fig. 33 shows 
the essential features of the conservator.

The practice of shipping transformers 
filled with oil in a condition ready for imme
diate installation has received general 
approval, and this method was therefore 
adopted for practically all classes and sizes 
of transformers during the year. The saving 
effected in the transportation space, required, 
and the added economy and convenience 
in installation work which this system 
rendered possible, is obviously beneficial to- 
both the manufacturer and the user.
Induction Voltage Regulators

The tendency in the. use. of induction 
regulators has for several vears been toward, 
larger units.

»4 ]
Fig. 34. Induction Regulator, Automatic, 

Self-control Outdoor Type

The majority of the regulators built are 
naturally utilized for the control of lighting 
feeders but a continually increasing number 
are required for the control of power systems. 
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interconnected systems, mid lor ■.pccial 
applications of which the following arc 
note wort h y il hist rat ions.

(Ine operating <omp;mv during the year 
installed a number of <>00 kw., three-phase. 
•It>(Itl-v<>lt regulators of the oil- and water- 
cooled design for the control of as many 
individual power feeders. 'This same size of 
regulator has also been designed in the sell- 
cooled out-door type (Fig. 3 1), which is 
now being manufactured. This design is a 
radical departure from those heretofore used 
and embodies a number of marked improve
ments.

A l()()()-kw. 1J .OOO-volt, three-phase regu
lator (Fig. 35) of the forced oil design was 
built for the voltage control of a 7()-milc 
interconnecting line between two generating 
systems. This is, as far as known, the 
largest induction regulator ever built. It 
has been installed for approximately one half 
year and is giving satisfactory service.

Fig. 35. 1000-kw., 11.000-volt. Three-phase, 
Oil-immersed Forced Oil Regulator

Two single-phase 770-kv-a., 10,000-ampere 
regulators (Fig. 36) were built during the 
year. Regulators of nearly as large a capacity 
had previously been used but the one shown

*"The_Oxide Film Lightning Arrester.*’ by Chas. P. Stein
metz, p. 590; and "The Oxide Film Lightning Arrester” by 
Crosby Field, p. 597. General Electric Review. Sept. 1918.

Fig. 36. 770-kv-a. Induction Voltage Regulator 
Showing Internal Arrangement

rotor are brought out through an elongated 
hole in the cover, thus eliminating the mass 
of internal cables heretofore required; and by 
incorporating all recent improvements in de
sign, the external dimensions and the weight 
have been reduced approximately 3(1 per cent.

The construction shown in Figs. 35 and 36 
is typical of all of the larger sizes of regulators 
except the air-blast design. The cores and 
coils are assembled in a skeleton spider which 
combination may be assembled in a boiler
plate tank having a water-cooling coil for 
artificial cooling or in a similar tank with 
external tubes for self-cooling. This arrange
ment is an exceedingly flexible one and allows 
the use of standard parts to meet every 
requirement of service.

Lightning Arresters
The oxide-film lightning arrester* consists 

fundamentally of an insulating’ film placed 
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on the surface of metallic plates between 
which there is a conducting powder, lead 
peroxide.

When subjected to over-voltage this insula
tion will be pierced, but the heat of the dis-

Fig. 37. Compression Chamber Lightning Arresters 
for 10,000 and 13,200 Volts

charge will rapidly convert the lead peroxide 
into an insulating plug and stop the dis
charge.

The advantage of this arrester over 
the aluminum-cell arrester lies in the 
fact that, while it affords a high degree 
of protection, it does not require daily 
charging as does the aluminum arrester, 
and can be installed in a great many 
places where the need of d' ily charging 
by the aluminum arrester would pre
clude its use.

The compressi(>n-chaml>er mult igap 
type of arrester for 10,(1(10- and 13,20(1- 
volt circuits which was placed in com
mercial produ( ion early in the year 
i Fig. 37) consists of a combination of 
gaps and resistance rods mounted in a 
porcelain tube. The arrangement of the 
gaps and resistances is shown in Figs. 3S 
and 39. The series gaps indicated in 
these illustrations are of the same kind 

Poo's

as those used in the previously developed com
pression-chamber arresters of lower voltage.

These two arresters do not have antennae,- 
but sensitiveness to lightning disturbances is 
obtained through the combination of gaps, 
and gaps shunted by resistances, Two sets 
of two different shunting resistances are used 
giving a number of paths for the lightning 
discharge through the arrester. As there 
is a direct resistance path to ground from the 
series gaps, the initial discharge takes place 
very easily. The path which the discharge 
takes after passing through the series gap 
depends on the frequency and quantity.

Very high frequency will discharge straight 
across all the gaps. Discharges of lower 
frequency will take place through one of 
the shunt paths. The generator current 
which follows the lightning discharge will 
shunt to the resistance rods and will thus 
be limited to an amount that can be readily 
extinguished by- the gaps.

The arrester, by- virtue of this combination 
of gaps and resistances, will discharge at low 
rises in potential, is sensitive.to lightning over 
a wide range in frequency, and will quickly- 
cut off the generator current following the 
lightning discharge.

The Research Laboratory
Throughout the year the Research Labora

tory worked on many special problems for the 
army- and navy. In some cases the efforts 
proved abortive; in others the work is 
continuing, and where success was achieved 
the results were at once applied in production 
and assisted in warfare on land and sea, and 
in the1 air.

High Resistance Medium Resistance.

Shunt Shunt

PerPod Gaps

P/pMesistance MediumResistance

Fig. 38. Diagram of Connections for 10,000- and 13,200-volt 
Compression Chamber Lightning Arresters
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Tile radial I>r I \ pc I ,t ( oolidqc tube (Ie If I Hi I 
l’or coniinuoir. mT\ b e. which wa:. de cubed 
last year, was put into qu.inlilx production 
'The principal dev ebq>nniit nl I he pa .1 \<ar 
on these I lilies was the pcrlcclion ol a spc< lai 
alloy seal to replace Ilie larve platinum eal 
which was originally noi. thereby relcasini' 
a large amount ol plat inniii lor • • t her war u <■ .

There was also developed a new screen l'or 
Ihioroscopie work, improved electrodes tor 
army searchlights, and a small kenotron tor 
use as a constant voltage regulator lor small 
variable speed generators used in radio out fits

Improvements were made in insulations, 
particularly in varnishes, which not only 
rendered possible substitutions for materials 
in which a war time stringency exists, but at 
the same time raised the standard of the 
G-E products of this class.

Shuntino F^stsUivc

Fig 39, Resistance and Shunted Gaps as Used in High 
voltage Compression Chamber Lightning Arresters

Electric Welding
The most important development in electric 

welding was not in the improvement of the 
electric equipments for welding, although 
certain new generator and control sets were 
produced, but in the widespread interest 
aroused by the investigations as to the prac
tical utility of this process for shipbuilding.

Supplementing the research and experi
mental work along this line there was the 
discovery of the first welded boat,* which 
was built in America and launched in Novem
ber 1915, the building of a welded barge in 
England, launched June 191S, and the 
preparation in both America and England of

* General Electric Review. December, 191S, page 844. 

country where intensivo course^of pra< tirai in
struction under ex; >crt supervision arc given.

Switching Apparatus
The application of a new idea in design 

and the development of a manufacturing 
process required to make the idea useful 
resulted in two new types of breakers which, 
for moderate voltages, current, and interru; t
ing capacities, have many improvements over 
preceding types.

These breakers. Figs. || and 42, can be 
furnished for manual or for so'em>id operation.

Both breakers are of “standard unit" 
construction, the standard unit consisting of 

Fig, 40. School for Electric Arc Welders Established by the Emergency Fleet Corporation at the 
Schenectady Works of the General Electric Company
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cover, two insulating bushings with studs and 
stationary contacts, movable contacts with 
contact rod, and oil tank. A single-, double-, 
triple-, or tour-pole breaker is made up 
respectively of one, two, three or four

Fig. 41. Four-pole Type FK-35
Oil Circuit Breaker

standard units plus frame,breaker mechanism, 
and operating mechanism.

Each standard unit is suspended from the 
breaker frame by attaching the cover of the 
oil tank to the lower surface of the frame. 
Each oil tank is held in position by hook bolts.

The rods connected to the movable con
tacts are readily accessible, and the length 
of the rods is adjustable. Thus it is easy 
to obtain accurate adjustment of the contacts.

The rods are of steel, pinned and riveted 
to a wooden rod which is fastened to the 
movable contacts. The wooden rod insulates 
the steel rod from the m ivable contacts.

The breakers can be equipped with an 
improved type of mechanical interlock either 
alone or in conjunction with time-limit inter
lock or a magnetic lock.

The breakers open by gravity assisted by 
compression springs on the operating rods. 
When the breaker is closed the springs are 
under considerable compression between the 
wood' rods and the under surface of the 
breaker frame. When the breaker is released, 
the springs, one for each pole, increase very 
materially the speed at which the. breaker 
opens.

A new design of direct-current solenoid 
(Fig. -13) for operating oil circuit breakers 
was introduced which has features attractive 
to operating companies. A noticeable im
provement is the accessibility of the working

Fig. 42. Triple-pole Type FK-32-A 
Oil Circuit Breaker

parts. All mechanisms and all accessories 
are mounted on the. upper casting of the 
solenoid which acts as the support of the

Fig. 43. Direct-current Solenoid for 
Operating Large Oil Circuit Breakers 

complete solenoid; the pot, coil, pole piece, 
and armature are hung beneath it.

By this construction there has been made 
possible the ready accessibility and the 
visibility of the locking toggles, the trip coil,
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'rhe auxiliary switche, are of a mo t 
approved design. Tint are of Ilie rotarv 
type, with the axis vertical, and as Ihcv are 
built, on the standard unit principle, as manv

Fig 44 Triple-pole, Single 
throw, 600 volt, 30-ampere 

Oil Circuit Breaker, 
Type FP-15

Fig. 45. Type FP-15 Oil 
Circuit Breaker with Oil 

Tank and Cover 
Removed

circuits as required can be supplied by merely 
adding one switch unit above the other. The 
finished auxiliary switch is enclosed by an insu
lated dust cover which clamps down over it.

Before leaving the factory the internal wiring 
of the solenoid is completed up to the terminal 
board; the operating coil, the trip c >il, and the 
auxiliary switches being all wired together.

The small triple-pole, non-automatic oil 
circuit breaker known as type FP-15 (Figs. 
44 and 45) was intended primarily for mount
ing on looms in textile mills. It can, however, 
be used to advantage to control small alterna
ting-current motors in any service up to 30 
amperes and 600 volts, but not exceeding 
ten horse power. It can be operated by hand 
at the breaker or from a distance by means of 
a shipper rod.

The contacts are so arranged that they 
snap in and out after the operating mechanism 
has moved a certain definite distance in 
opening and closing—a condition quite essen
tial to satisfactory shipper rod operation.

The standard unit principle of design, as 
represented by Figs. 41 and 42, was applied 
also to breakers of higher voltage and inter
rupting capacity ratings. That is, the break
ers are divided into interchangeable units

Fig 46-A. 2000-amp., 15,000 volt. Triple-pole, 
Single-throw Oil Circuit Breaker

Fig. 46-B. 800-amp., 15,000- 
volt Oil Circuit Breaker 

Standard Unit

Fig. 46-C. 2000-amp., 1500- 
volt Oil Circuit Breaker 

Standard Unit
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In these breakers the principal parts that 
are common are the contacts, the general 
method of supporting the contacts, and 
(Figs. 47, 48, and 19) the construction of the 
operating rods and mechanism.

Fig. 47. Mechanism for Triple-pole, Single-throw, 2000-amp., 
15,000-voIt Oil Circuit Breaker

Fig. 48. Mechanism for Triple-pole, Single-throw, 800-amp., 
25,000-volt Oil Circuit Breaker

Fig. 49. Mechanism for Triple-pole, Single-throw, 800-amp., 
15,000-volt Oil Circuit Breaker

For] high pressures and large interrupting 
capacities the Type FK-36 (indoor) or FKO- 
36 (outdoor) circuit breakers (Fig. 50) were 
developed. These are similar in design 
except for the operating mechanism, which is 

somewhat different for indoor and 
outdoor use. Both types are built 
in several sizes, in each of which 
different combinations of bushings 
and contacts can be arranged to 
give a very wide range of applica
tion.

The breakers for use up to 73,000 
volts are arranged for mounting on 
the floor or on a framework high 
enough to allow the lowering and 
removing of the tanks with the 
breaker contacts open.

For voltage of 95,000 and above 
the breakers are arranged for 
mounting on the floor or are sup
ported on steel girders which rest 
on crecrete foundation pedestals. 
A pit is built between the pedestals 
so that the tanks can be lowered 
mto it when removing them for 
inspection. If desired the steel 
girder can be set in the floor in
stead of on pedestals. In this case, 
however, it is necessary to make 
the pits deeper.

The contacts consist either of 
wedge-shaped copper blades and 
copper fingers, or of hollow copper 
plungers and segmental contacts 
mounted in the upper end of an 
explosion chamber which is located 
on the lower end o£ each bushing.

The contact fingers and contact 
head for 73,000 volts and above are 
surrounded by a static shield which 
carries a set of guide cams to force 
the movable contacts to enter into 
contact properly and thus prevent 
damaging of the contact fingers.

In some forms of these breakers 
the interrupting capacities are 
greatly increased by the use of an 
explosion chamber wllich surrounds 
the contacts. This chamber con
fines to the neighborhood of the 
arc the high pressures developed 
when the breaker opens under 
heavy load, helps to extinguish 
the arc. and reduces the mechani
cal pressures transmitted from the 
arc to the interior surface of the 
oil tank. The pressure developed
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The problem then was to put more material 
with increased radiating capacit y into a space 
restricted as to size, and at the same time to 
make a breaker having a latch which could 
be tripped only when the overload armature 
picked up at a predetermined current, 
without regard to external disturbance, 
mechanical vibration, or shock.

In the shock-proof breaker the tripping 
latch is so arranged mechanically that it 
cannot be moved to the opening position, 
once the breaker is closed, until the armature 
of the overload device moves towards its 

armature is constant, and the current cali
bration is obtained by changing the pull of the 
spring on the armature by means of a knurled 
nut and calibrating screw at the bottom of 
the calibrating tube.

In t he top of the armature a rod is fastened 
which projects upward through a longitudinal 
hole in the core, and carries at the upper end, 
through a universal joint, the disk of the time 
delay device, which is enclosed in a covered 
cylindrical cup containing oil.

Until this device has operated the armature 
remains stationary, after which the armature

Fig. 52. Removable Truck Panel, Triple
pole, Single-throw, 300 Amps., 

7500 Volts

Fig. 53. Removable Truck Panel, 
Triple-pole, Single-throw, 500 

Amps., 2300 Volts

core, and furthermore vibration or shock does 
not change the magnitude of the attractive 
force necessary to pick up the armature. 
The action of the breaker developed to meet 
these conditions is as follows:

In the interior of a rectangular overload 
coil (Figs. 54-B and 54-C) is a cylindrical core 
whose lower end is somewhat below the center 
of the coil, and beneath the core in the lower 
part of the coil a movable armature, also 
cylindrical, is located.

To the lower end of the armature is 
attached a spring, the tension of which 
determines the current at which the breaker 
will trip. The air gap between the core and 

rises instantly and trips the breaker. This 
constitutes a time delay arrangement much 
favored by the government.

The lower end of the calibrating spring is 
fastened to a holder through which passes 
the screw that regulates the pull of the spring 
on the armature when changing the calibra
tion.

The armature carries a collar having two 
cylindrical tripping lugs ISO deg. apart, each 
lug projecting through a vertical slot in the 
calibrating tube and also through an oblique 
slot so arranged in a metal piece on each side of 
the tube as to prevent the movement of these 
pieces while the armature remains at rest.
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Fig. 54. Shock Proof Air Circuit Breaker, Double-pole, 
Single-throw, 100 Amps., 250 Volts

Fig. 54-A. Shock Proof Air Circuit Breaker, Single-pole, 
Single throw, 200 Amps., 250 Volts

The side pieces are pivoted at the lower 
end, and are moved toward the supporting 
panel when the armature rises.

On the back of each side piece is a project
ing lug which rests over and against another 
lug on the tripping lever to prevent the 
movement of the trip latch from the normal 
position, until released by the backward 
movement of the side pieces.

When an overload occurs that is equal to 
or greater than the current for which the 
breaker is set. the armature rises after the 
time delay device operates, and the tripping 
lugs first move the two side pieces to release 
the end of the trip lever, which is then moved 
upward to the tripping position by the con
tinued upward movement of the armature. 
This releases the breaker and allows it to open.

Fig, 54-B. Partial View of Breaker Mechanism showing 
Breaker Closed

Fig. 54-C Breaker Mechanism, at Instant Armature, 
has Reached End of Upward Travel
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In brief, the breaker cannot jar open 
because the trip lever is restrained from 
moving from the normal position by the 
metal side pieces, which in turn can only 
be moved by the movement of the armature.

Another interesting feature of these 
breakers is the manual tripping handle 
which can be seen in Figs. 54 and 54-A. B( 'cause 
of the time delay device it is necessary to 
exert considerable pressure at the armature 
to move it for instantaneous tripping. With 
an ordinary tripping arrangement having a 
handle of the length shown this would be 
practically impossible. This is overcome by 
the compound lever shown, which allows 
the breaker to be tripped without difficulty 
by pressing down on the handle.

1. ach breaker is tested to insure that it 
will not trip out on severe shock or on an 
accumulation of successive small movements 
of the tripping latch caused by’ jarring. 
The method of testing is to mount the 
breaker on a testing stand., and submit it to 
shock by’ the falling of a 38-lb. weight through 
a vertical distance of four feet while the 
breaker is carrying approximately the current 
at which it is set to trip.

Lighting
The total sales of incandescent lamps 

(excluding miniature) in the. United States 
during 191S is estimated to be about 
175,000,000 lamps (Fig. 55), an increase of 
5,(10(1,000 (3 per cent) over the previous year, 
of which 105.000,000 (94 per cent) were 
tungsten filament and 10,000,0(10 (G per 
cent) were carbon filament, the latter covering 
both Gem and carbon lamps.

The sales of tungsten filament lamps in
creased approximately 17.000,000 lamps (12 
per cent) over the previous year, whereas the 
sales of carbon filament lamps fell oft 12.
000,000 and were less than half that of the 
previous year according to estimates. Most 
of this loss in sales of carbon filament lamps 
was due to the Gem lamp, which is virtually 
no longer on the market.

The carbon filament lamp will probably 
continue to be used for a while in places 
where its mechanically strong filament makes 
it di sirable when rough usage is unavoidable; 
but if the mill type Mazda lamp is as success
ful in service as it has been in laboratory 
tests, it is expected that the demand for the 
carbon lamp will eventually disappear.

Of the tungsten filament lamps sold it is 
estimated that 16 per cent were of the non
vacuum type. On account of their higher 

price they probably’ represented 50 per cent 
of the total value sold. The sales of non
vacuum lamps increased 32 per cent over 
those of the previous year, and as these lamps 
are much higher candle-power units and more 
efficient than the vacuum lamps, the average 
candle-power of all lamps sold has increased 
marly 10 per cent, from 48.7 candle-power 
in 1917 to about 53.1 candle-power in 191 s.

It is interesting to note that just prior to 
the time (1907) that the Gem and Mazda 
lamps appeared on the market, when carbon 
lamps were the only’ ones available, the 
average candle-power of all lamps sold was 
IS, or less than one quarter of what it is 
today. The average watts of all lamps in 
1907 was 53, coming down to 47.1 in 1915, 
and has now risen, due to the higher wattage 
non-vacuum lamps, to about 53.S watts. 
Thus 11 years ago the average lamp 
produced, less than three tenths of a candle
power for each watt consumed, whereas today’ 
the average lamp produces over three times

Fig. 55. Chart of Sales of Large Incandescent Lamps

this amount, or nearly’ one candle-power per 
watt consumed.

For street lighting more than double, the 
amount of light is now obtained by Mazda 
lamps when compared with that secured 
eleven years ago. While in 1907 the average. 
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candle-power of im-amh ".lent lamps for -.1 icci 
lighting was GA it is now above 711, ami il I he 
larger Mazda lamps that have displaced 
carbon arc iamjis are inclmleeI the average 
candle-power is ab<>ve 11 it I

The sides of tungsten lilament miniature 
lamps increased, it is estimated, Irom 77>. 
UOO.UOO in 1917 to SIHKtMliH) in I9ls. 
Practically all these lamps are for automobiles 
and for portable flashlights used with small 
dry batteries. A small percentage arc ('hrist- 
mas tree lamps ami candelabra lamps. 
Carbon miniature lamps are now ।>racticallv 
extinct.

A program for the limitation of the produc
tion and distribution of inefficient carbon ami 
Gem lamps was approved by the United 
States Fuel Administration during the summer 
of 19IS. In general it was recommended 
that there be a complete abandonment, of 
the installation and renewal of carbon and 
Gem lamps of all sizes, and discouragement 
of their use by consumers and the public for

Fig. 56. Canopy Type Fixture with Short Casing, 
10 12-in. Band Refractor and Globe

any use or application for which tungsten 
lamps can be substituted, and also that the 
use of vacuum tungsten lamps in sizes of 
100 watts and over be eliminated, and 
whenever practicable, gas-filled tungsten

♦General Electric Review. Get. 19]X, p. 6X5.

Fig. 57. Canopy Type Fixture Equipped with Specially 
Silvered and Coppered Globe

Various Novalux fixtures were improved 
and new types were developed.

The canopy type fixture ( Fig. òli) was pro
duced in order that the 1000-watt Mazda 
lamp might lac used with the Holophane 
prismatic refractor. This fixture was first 
installed in the Hog Island shipyard, where 
it was important that a very large area be 
illuminated so that night work could be car
ried on.

M here it was necessary for a large amount 
of light to be directed on the sides of the 
boats which were being built, this fixture was 
equipped with a globe Fig. 57) that had 
been silvered and coppered throughout at an 
angle of ISO degrees and collected the light 
which would ordinarily be thrown awav from 
the boat and redirected it to the sides of the 
boat, adding very much to the normal rays of 
light going in that direction.

The projector type fixture (Fig. As has a 
reflector madt of sections of silver-plated 
glass and is so shaped that it throws all of 
the light downward in a very narrow beam.
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Fig. 58. Projector Type Fixture with Fig. 60. Ornamental Novalux Fig. 59. Pendent Type Fixture with
Sectional Glass Reflector Fixture Diffusing Globe and Reflector

Fig. 61 R L.M. Standard Dome Reflectors

Fig. 62. Floodlighting Projector Which Will Accommodate Fig. 63. Two Forms cf Reflector, Either of Which can be
the Two Forms of Reflector Shown in Fig. 63 Used in the Projector Shown in Fig. 73
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It is particiilarlv - uital'lc tor tin- in ide oi 
buildings where it i- mvr.-.ai'V to place 
the lighting units III feel or more almvc the 
floor, such as high bins where cranes travel 
from one end of the room to the ot her and it 
is necessary to put the lighting units above 
these cranes.

The pendent type unit । lug. .’>!•! can be 
used either on a multiple or scries circuit 
and can be furnished with or without com
pensators, which makes it possible to use

Fig. 64. Combined Pendent Unit and Projector Mounted 
on a Simple Bracket

either low current or high current incandes
cent lamps. It is possible to equip this 
fixture with either a large diffusing globe, 
small diffusing globe, bowl, band, dome, or 
skirted refractor, and it can be used with or 
without a reflector.

In the ' irn.mii m .1 im ' : ■ " P. d
I llll 11 Illg globe 1'1. Mi Hl' ■ ■ ■ " ■ , .
globe, and < ;111«»p . h.c < I " 1 ' 4' 1 n 
harmonize • > a l o pu <di p < ' h' ' • ■ ' a 
elleef ( ompat ible w I' h hi.'li < Hi' a i

Fig. 65. Automatic Protective Cutout

In Fig. 64 there is shown a very sim; le 
bracket which was designed for the purpose 
of supporting both the pendent Novalux unit 
and the floodlighting projector. Such com
binations are used where there arc large 
areas to be lighted, such as shipyards, rail
road transfer stations, etc.

I »ne of the devices Fig. G5) which will be 
of considerable value to central stations, is 
intended to prevent the Mazda C lamp from 
burning out when operating on a direct
current series circuit. These ’ rotective 
devices are assembled in the upper part of 
the street system bracket and are so connected 
in the circuit that when the current increases 
above a fixed amount the lamp is short- 
circuited and remains so until the current 
becomes normal again.

The housing shown in Fig. 62 will accom
modate the two different shaped reflectors 
shown in Fig. 63. One of these refle t rs 
gives a spread of beam of between 20 deg. 
and 30 deg. and the other between 14 deg. and 
20 deg.

It has in the past been the practice to 
substitute Mazda C lamps for Mazda B, 
using the same accessories. Through illu
minating engineering investigations, it has 
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been shown that better results can be 
obtained, particularly in industrial lighting, 
by the use of reflectors especially designed 
for Mazda C lamps.

The Mazda C lamp offers certain advan
tages in regard to the control of light and

Fig. 66. Factory Yard Floodlighted for Protection

has greater need for diffusion. Through the 
co-operation of the illuminating engineers of 
the lamp works with the manufacturers of 
steel reflectors, a type of enameled steel 
dome reflector was developed, which will 
be made by all the leading reflector manu
facturers. In order to insure high quality, 
a specification is being issued by the Research 
Laboratory, and on evidence of compliance, 
through test and inspection by the Electrical 
Testing Laboratories, permission will be 
given to use the trade mark label. These 
reflectors which are designated as R.L.M. 
Standard Dome (Fig. Ill) bid fair not only 
to improve the industrial lighting service 
rendered by the Mazda C lamps, but to 
raise the standard of industrial lighting 
generally.

Artificial lighting was probably as much or 
more affected by the war conditions than 
any other application of electricity. While 
reductions oecurn d in certain fields, the 
general result was an increased demand for 
light anil lighting devices. So insistent were 
the demands for lamps and lamp develop
ments, that the lamp works were strained to 
their utmost to take care of their part in 
the national emergency, especially in the 
face of the labor shortage and the difficulty 
of obtaining high-grade chemicals and other 
materials.

It was therefore necessary to restrict all 
development except such as was of immediate 

importance. Incandescent lamps and similar 
devices found new and important applications 
for military and naval u.^e, and much special 
development was required to meet the 
government’s needs. These included con
centrated filament lamps for various classes 
of projection lighting.

The Fuel Administration instituted lighting 
restrictions, not only as a direct means of 
saving fuel, but also to advertise the need of 
such saving. Electric signs and bright illu
mination arc convincing evidences of pros
perity and activity, and their absence was 
probably the most effective means of securing 
saving and the discontinuance of unnecessary 
activities. Manufacturers seem tp be more 
ready to restrict lighting than do merchants.

It was early evident that mistaken applica
tions of the economy were tending to restrict 
essential production and increase accident 
hazard. During the fuel shortage in 
February 19IS, the accident insurance com
panies noted a considerable increase in the 
number of accidents and ascribed it to 
insufficient light. However, the importance 
of good illumination as a means of improving 
and increasing production is being recognized 
by the industries as never before.

While the economic relation has been 
clearly evident to those who have tried it out, 
exact data have been hard to obtain. A 
series of tests made in a number of machine 
shops by the engineers of the Commonwealth 
Edison Company, in Chicago, showed that 
raising the illumination from the ordinary 
standard to about three times that value 
resulted in an increase in the quantity of 
production averaging 15 per cent.

Lighting for protection from malicious 
destruction, which has been increasing in 
importance ever since the war started (Fig. 
66), continued to expand rapidly throughout 
the year. Last spring the War Department 
published and distributed a pamphlet warning 
of the necessity of such precaution and giving 
instruction for the design and operation of 
protective lighting.

Illuminating engineers viewed with some 
alarm a tendency to restrict street lighting 
as a measure of economy or conservation. 
Since the essential element of street lighting 
is protective, any considerable reduction 
seemed likely to result in an increase of 
accidents and crime. Fortunately, curtail
ment was not carried far enough to provide 
any serious examples in this country.

There have been, for several years, 
evidences of increasing governmental interest
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in various phases < >1 lighting regulation 
In the industrial field. ■nine state1, have 
adopted codes requiring sufficient illumina 
tion, without excessive glare, in order Io 
protect employees Irom mmeeessnrv accident 
hazard. During, the year such codes were 
adopted by New York and Wisconsin 
Pennsylvania mid New Jersey having already 
done so. In < >hio a code is well under way.

The Federal Government adopted a lighting 
code for arsenals and plants operated by the 
government. The Advisory Commission of 
the Council of National Defense took up the

I lie eye jglit ol Inline < 11 I /, 1 > 'I 
Ill-coining more impnrt.mi on m'ons ot 
the increasing, ne ol । I iool i ooi । n. - h«
e\ cnnig.

The problem hits been a ratlicr dtfli< nil 
one, since, in the present state ol the ar' it i 
impracticable to provide an adi quatc dr, mg 
light without subjecting other u er ot lie
highway to scrimi- glare. In repon <• io a

Fig. 67. Night View in a Spinning Room Showing 
General Illumination

question as a war measure and formed a sub
committee to encourage the adoption of 
industrial lighting codes by the authorities 
of other states.

AVhile the intensity requirements are of 
necessity only sufficient to insure reasonably 
safe conditions, attention is called to the 
higher intensitive (Figs. 6“ and 6S) desirable 
for efficient production.

The specifications of all the codes so far 
adopted are practically the same, being 
based on that of the Illuminating Engineering 
Society. That organization has also prepared 
a code for the lighting of school buildings, 
which, when applied after the manner of the 
industrial lighting codes, will help to conserve 

general demand, an attempt has been made 
to eliminate the most dangerous conditions.

A unique feature of the New York specifi
cations is- that certain limiting features are 
definitely specified in practical values of 
light, whereas all previous headlight regula
tions have been indefinite.

Even though it be found advisable to 
modify the specifications in some respects, 
a strict adherence to the methods of specifica
tions is likely to enhance the safety of night 
travel.

Considerable progress has been made 
during the year in the application of Mazda 
lamps to motion-picture projection. Con
siderable economy, especially as regards 



46 January 1919 GENERAL ELECTRIC COMPANY Vol. XXII, No. 1

current consumption, is being secured in the 
numerous classes of smaller theaters, and this 
with at least as good a projection on the screen 
as formerly. For many conditions a con
siderable improvement in the picture is also 
obtained.

transformer. Special accessories, consisting 
of the regulating transformer, spherical 
mirror, and corrugated condensing lens 
(Fig. 69) are essential parts of the system, 
and the results depend to a considerable 
degree on the excellence of these equip-

Fig 68. Illumination of Hog Island Shipbuilding Yard 
by Floodlighting Projectors

The later experiments have resulted in 
the adoption of a 900-watt, 30-volt lamp, 
which on alternating-current circuits is 
operated through a voltage-reducing auto- 

ments. Leading projector manufacturers 
have housings for this service, and an 
adapter for changing over existing machines 
is available.

Fig. 69. Motion-picture Lamp and Accessories—Experi
mental Equipment Showing Mazda C Lamps and 

Optical Train. In the commercial outfits 
these parts are concealed from 

view by the housing
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INTRODUCTION
\ review of recorded information regarding 

sources of light, the lighting industry ami 
other factors germane to illuminating engi
neering shows that since the last report of 
this- committee there has been progress in 
spite of the fact that the prosecution of the 
war absorbed the interest and activities of 
practically all classes of workers throughout 
the country. The very necessity of continuous 
night work in factories, together with the 
demand for the highest precision and largest 
output, has shown conclusively the value of 
lighting conditions, and their effect on 
manufacture.

Little has been reported of foreign activities 
and this mostly on the theme of restricted 
lighting. In view of the fact that some 
countries like Denmark and Holland have 
been forced, owing to coal shortage, to come 
down to the use of candles and oil lamps, 
this is not surprising. Nevertheless, some 
research work is apparently still going on in 
Germany and it is possible that there have 
been developments of importance, description 
of which has not been permitted.

The total eclipse of our main source of 
light was expected to furnish an opportunity 
for much new information regarding this most 
vital factor in human existence. There has 
not as yet been time to publish the analysis 
of the results of observations but some 
interesting points have been reported. At 
Goldendale1 where the observers of the Lick 
Observatory were located, the sky was 
completely covered with clouds all day until 
just before the eclipse when a rift appeared 
which opened up so that a very small area

♦An annual report prepared for the Annua! Convention of 
the Illuminating Engineering Society.

1 Science. July 12, 1918, p. 34.
2 Gas Ag«, January 1. 1918. p. 5.
* Gas Age. April 1. 1918, p. 293.
4 Gas Jour.. November 13. 191». p. 326.
5 Gas Jour.. August 21. 191", p. 325. 

oi the blue sky free from cloud', had I I ' mi 
at its center exact ly at the middle of the total 
phase. This region cleared not more than a 
minute before the beginning of totality, and 
clouds again covered Ilic sun less than ;i 
minute after the passing of the shadow. All 
the instruments and all of the observers were 
ready and their program went through as 
planned.

Manufacture
'Ilie war caused such a shortage in coal 

supply that most European countries experi
enced- great difficulties in keeping up the 
manufacture of gas.

An English inventor3 has brought out what 
is called a new gas of low B.t.u., 350 or less, 
and a considerable agitation as to the merits 
of his proposals has resulted. He claims the 
possibility of increasii g the efficiency of 
utilization of the B.t.u., in good quality, 
clean dry coal from 50 b > S3 per cent. Another 
new development4 in gas manufacture is the 
production of gas from straw refuse on the 
big ranches of northwestern Canada. A 
retort has been invented for carbonizing 
straw and other cellulose material, thereby 
decomposing them into combustible gases, 
tars, and ammonia. A ton of straw will give 
between 11,1)1)0 and 12,000 cu. ft. of gas of a 
calorific value of approximately 400 B.t.u. 
per cubic foot. From every ton of straw there 
is obtained 6 to s gallons of t; r and ammoni- 
aeal liquor. In the three prairie provinces of 
Western Canada only, it is said twenty 
millions tons of straw arc available annually 

-which could be used to produce 140,01)0 
million cubic feet of gas.

A new gas burner5 introduces directly to 
the inner surface of the inner cone of the 
Bunsen flame, a secondary supply of heated 
air independent of that which forms the 
mixture in the tube. It is claimed that a 
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more perfect gas and air mixture is obtained. 
The use of large gas lamps containing as 
many as fifteen mantles is increasing.1 A 
new system of gas utilization has been 
developed2 by an English inventor. He has 
devised what is called a pressure balance 
and is said to have obtained a candle-power 
of from 130 to 1.50 with a small gas mantle 
and a consumption of less than 3 cu. ft. per 
hour.

It is reported3 that a supply of monazite 
sand from the Travancore District of India 
is now being obtained by an American 
company. Possession of this property before 
the war by German manufacturers enabled 
them Io figure prominently’ in the world’s 
supply of thorium for the making of mantles.

Calorific Standards
Alter a careful study of the tests made by’ 

the inspection department, the Gas Com
mission of Massachusetts has tentatively 
decided4 to adopt the French standard, viz., 
528 B.t.u. as the calorific .standard for gas in 
Massachusetts. Previous to issuing the order 
tests were conducted for six months in nine
teen gas plants. The question of a universal 
adoption of 528 B.t.u. as the standard for gas 
throughout the country has been raised5 
by the United States Fuel Administration. 
It is pointed out that this would mean the 
doom of the old open-flat-flame burner, as 
with the elimination of the candle-power 
requirements such a standard is ideal for 
incandescent gas lighting. The purpose of 
such an order would be to conserve oil. 
Agitation for a univeral calorific standard 
and the abolition of the candle-power stand
ard is also being carried on” in England.

At the request of the U. S. Ordnance 
Department the 600 B.t.u. required average 
in several New Jersey’ cities was lowered to 
570, it being understood that the permit 
would be maintained7 as long as the govern
ment finds it necessary in order to obtain a 
sufficient supply’ of toluol. Similarly8 at 
the request of the Federal Government gas 
companies in the First District of the New 
York Public Service Commission could elect 

1 Amer. Gas Eng. Jour., February 15. 1918, p. 165.
2 Gas Jour., September 25, 1917, p. 563.
3 Gas Jour., November 30. 1917, p. 386.
4 Amer. Gas Eng. Jour., December 8, 1917. p. 533.
s Gas Age, June 15. 191S, p. 582.
6 Gas Jour., June 11. 191S, p. 476.
7 Gas Record. February 13, 1918. p. 91.
8 Gas Jour., November 27. 1917, p. 423.
9 Amer. Gas Eng. Jour., July 6. 1918. p. 18.

10 Jour, of Acetylene Ltg., January. 1918, p. 240.
11 Jour, of Acetylene Ltg.. November, 1917, p. ISO.
12 Sei. Amer., December 1, 1917, p. 401.
13 Elec. (London), November 16. 1917, p. 253.
14 Elec. Rev. (London), December 7. p. 540.

to operate under a heating standard for the 
duration of the war and three months there
after. An interesting fact has been brought 
out that in New York (. ity only’ 21) per cent 
of the gas consumed is used for open-flame 
lighting purposes. At Minneapolis9 the 
Council agreed to a reduction in the candle
power standard from 15 to 10, but no reduc- 
ti< >n was made in the heating standard. This 
ai tion is to last for the period of the war or as 
long as the company’ is manufacturing 
toluol for the government.

Acetylene
A great impetus has been given10 by the war 

to the use of acetylene for lighting- purposes. 
A large number of tanks containing the 
compressed gas are being used in portable, 
hospitals and in first aid stations. Acetylene 
lamps are also being used for signaling 
purposes on the principle of the heliograph, 
and the same gas is used for flare lights to 
illuminate camps, dugouts, trenches, and for 
directing troops at night along the road. 
Small portable lamps- are being made in 
large numbers for use in Cuba and other 
places where the fire regulations are not so 
strict as in this country'. The old Derby 
wharf light located off the city’ of Salem. 
Mass., has been equipped11 with an improved 
automatic acetylene apparatus. Six tanks 
are provided which are automatically cut in, 
thus requiring attention only once in six 
mi inths.

INCANDESCENT LAMPS
Manufacture

The fact that tungsten is used not only for 
incandescent lamps but also in connection 
with the manufacture of steel makes its 
availability a matter of considerable interest. 
This is particularly’ true since the advent 
of the war curtailed the communication 
which formerly’ permitted the importation 
of this mineral from any part of the world. 
According to reports from the U. S. Consul 
at Canton12 there is a rapidly’ growing ex
portation of wolframite from China. Much 
of it comes from a district so remote that 
i he ore is carried on human shoulders for a 
distance of 00 miles, then SO miles by junks, 
and from there on by’ rail. It is also re
ported13 that the wolframite deposits recently’ 
discovered in Brazil are very rich and their 
location favorable to exportation.

Further particulars are now available of 
the process14 for producing a continuous 
tungsten crystal as a filament to be used in 
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place ol the ordmarv drawn wire in glow 
lamps. .\ drawn lungsieii wire which in the 
initial cold state lias a -a rnci ure made up of 
parallel libers begins to rccr\stalhzr alter a 
filament is heated Io incainlesccnee When 
this recrystallization is complete the extensi
bility and flexibility imparled bv the drawing 
process disappear, making the filament liable 
to breakage from shocks. Il is the purpose of 
the new process to preserve these properties 
both in the cold and hot states. The crystal
lized filament is so malleable that it can be 
wound around the smallest mandel, and it 
maintains this property even after burning 
for an extended period. Tests have shown1 
that these filaments have remained mechani
cally strong even after 12(H) hours burning 
with no black deposit appearing on the 
inside of the lamp bulbs. The radiant 
properties are said to be very much the same 
as those of pure tungsten wire owing to the 
small amount of thorium oxide used.

Carbon Lamps
A circumstance which seems unexplainable 

to the ordinary engineer is the fact that in 
spite of the cheapness and superiori:y of the 
tungsten filament lamps, the use of carbon 
filament lamps still shows an increase.2 
The Government3 retained its carbon lamp 
schedule in the "Standard Specifications" 
"because these lamps still properly find a 
considerable application, particularly in serv
ice where the renewal cost of tungsten lamps 
would be excessive on account of an unusual 
amount of theft or breakage." However, 
last year1 carbon lamps represented only 
12 per cent of the total sales of incandescent 
lamps, and the pressure being brought to 
bear on the saving of energy in all possible 
directions may have a decided effect5 in the 
direction of the use of the more efficient type 
of lamp.

Properties
An extended investigation has been carried 

out6 on the effect of the form of the voltage 
wave on candle-power, efficiency, and life of 
tungsten filament lam]is operated on alter
nating current. In order to magnify the 
effects, 20 and 25-watt lamps were used. 
At the end of 1000 hours burning the average

* Zeitz. Ver. Deutch. Ing.. January 12. 1918. p. 15.
-Elec. tVld., November 3, 1917, p. 849.
3 Circular No. 13. Bureau of Standard*. April 13. 191S
♦ Elec. Rev. (U. S.), Mav IS. 1918, p. S2S.
3 Elec. Rev. (U. S.). July 20. 1918, p. 95.
6 Elec. Rev. (U. S.). March 23. 1918. p. 542.
7 Elec. H7d.. March 2. 19 IS. p. 459.
* Elek. Zeit.. September 13. 1917. p. 453.
’ Elec. Wld.. November 24. 1917. p. 1002.
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found that the initial rum m doe' ma ri->- 
to a value greater than normal proportionate 
to the ratio ol 1 lie hot to eold reM-tama 
Various factors decrease the efficiency voltage 
at the lamp, thereby preventing tin- rtirm 
from rising to ;i high value. The higher 
wattage lamps do not ‘’overshoot" to so 
high a percentage above normal as the 
low-wattage lamps, and the " overshooting " 
of vacuum lamps is slightly less than that 
taking place in the gas-filled type. It wa- 
found that with the circuit breakers and fuses 
of proper rating and set correctly, there was 
no reason for trouble when tl rowing in a 
circuit containing gas-filled tungsten lamps.

Tests have been made' to determine what 
conditions favor flickering with a periodically 
van ing source of light, the lowest frequency 
permissible with modern metal filament 
lamps, and the greatest voltage variatioi 
permissible on either direct - current < r 
alternating-current systems of a frequency 
too high to produce flickering. The fact 
that the frequency at which flickering ceases 
is. over wide limits, proportionate to rhe 
logarithm of the intensity of illumination, 
was confirmed. The permissible voltage 
variation was found to depend upon the 
frequency. The lowest frequency at whicl 
flickering is avoided was about 30 cycles per 
second.

ARC LAMPS
Flaming Arc Lamps

The flaming are lamp which uses calcium 
fluoride as its extra light-producing con
stituent has a decidedly yellow appearance. 
The addition of uranium as an ingredient, 
together with the calcium fluoride results in 
a snow white arc which is said to lie exception
ally rich in blue and violet rays, and to have 
considerably more photographic power than 
an are in which the rare ea-th fluorides or 
titanium oxide is used? This uranium arc 
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has about six times as much ultra-violet 
radiation as the ordinary iron arc used in 
medical work, and hence its use for medicinal 
purposes is suggested. Efforts are con
tinuously being made to extend the sphere 
of usefulness of the are lamp. Thus the white 
llaniing arc has been adapted for use in 
motion-picture projection in those cases 
where only alternating current is available. 
A m<>re uniform light distribution is obtained 
and the noise is much reduced.

Motion Picture
It is claimed1 that the correct ratio of the 

diameters of the positive and negative 
electrodes has an important influence on the 
steadiness of the ares used for cinematograph 
work, and that a ratio of 4 to 1 is right. 
Further, by putting a second coaling of nickel 
over the copper plating of the negative 
carbon, all flickering and sputtering can be 
avoided. As the present vertical are lamps 
used in motion-picture projection work were 
found to be unsatisfactory when used with a 
new color photography development2 an 
improved are has been worked out for this 
special purpose. It is a horizontal magneti
cally controlled arc which is claimed to give 
approximately one third more light for the 
same current than standard vertical arcs and 
may be relied upon for consistency of position 
of the source.

LAMPS FOR PROJECTION PURPOSES
Flashlights

The extensive use and importance of 
flashlights is indicated3 by the demands of 
the Navy Department, which in a single 
demand asks for 182,000 dry flashlight 
batteries and 08,000 flashlights without 
batteries. The shortage of materials used in 
dry cells and small accumulators for pocket
flash lamps in Germany4 stimulated the de
velopment of the hand-operated magneto. 
Lamps thus equipped are more expensive 
than the ordinary type, but of course they 
do not need the battery charging or replace
ment. A type weighing only one pound will 
provide light for three minutes with one 
release of the spring, which can be wound 
with a pressure of the thumb. A heavier 

1 Ilium. Eng. (London), November, 1917, p. 295.
2 Moving Pi citire World, October 6, 1917, p. 61.
* Elec. Wld., June 29, 1918, p. 1401.
4 Sci. Amer.. January 19. 1918. p. 67.
3 Elec. Rev. (London). October 26, 1917, p. 390.
6 Elec. Record. June, 1918, p. 66.
7 Elec. Rev. (U. S.). December 22, 1917, p. 1060.
8 Sci. Amer., June 29. 1918, p. 583.
9 Sci. Amer.. Septembers, 1917. p. 17S.

™ Sci. Amer., April 13, 191S, p. 34S.

apparatus, weighing five pounds and requiring 
both hands to wind the spring, will furnish 
light for ten minutes on one winding. In 
these types the armature rotates; in another 
lighter type the fields rotate. A moderate 
sized apparatus for use with bicycles weighs 
three pounds. Evidence of the use of these 
magnetos is indicated in the report of the 
finding of one of the lamps and apparatus 
on a battle field of France.5

Automobile Lamps and Headlamps
The extent to which the demand for 

electrical lighting equipment for automobiles 
has grown is indicated by the fact6 that 
there are said to be in operation at the 
present time some 4,000,000 pleasure vehicles, 
a large majority of which have a unit power 
plant to furnish electrical energy for lighting, 
starting, and ignition. In order to make the 
adjustment less diflicult it has been sug
gested7 that the ideal form of filament for 
auto headlight lamps would be a duplex 
helical filament with one helix lying in the 
focal axis and inside another helix. It is 
claimed that such a filament would not 
require so sensitive an adjustment as is now
necessary for the best light distribution.

A novel arrangement devised8 to keep the 
light from an automobile within legal limits 
has been described. It consists of an all-metal 
cellular attachment, containing more than 
9000 small metal reflectors. This attachment 
is put in the upper half of the head lamp 
behind the regular glass door and is said to 
deflect those rays which normally rise above 
the 42-in. level. It is claimed that the device 
transmits 93 per cent of the lamp’s candle
power. The New- York State headlight law 
passed last year demands a light strong 
enough to reveal objects at a distance of 
250 ft. ahead, and that no dangerous or 
dazzling light when measured 75 ft. or more 
ahead of the lamp shall, at the left of the axis 
of the ear, rise above a level of 42 in. It has 
been suggested9 that a simple way of making 
an ordinary clear glass headlight conform to 
this requirement is to adjust the focus of the 
bulb so as to give a fan-shaped pencil of 
emitted and reflected rays. Then paint 
the bulb a solid dark green over that part of it 
through which would ordinarily go those 
rays which project into space on the inroad 
side of the axis. There have also been devised 
spectacles10 with the left part of each lens 
made of colored glass to aid the driver in 
avoiding the glare caused by approaching 
undimmed headlights.
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Ml III 11 ted oil the liuil of a limoli'.IIH' I vpv o| 
automobile in siu li a wax that if can be lai i-d 
or lowered, or rotated Iwo led, aboxc tin- 
roof of the car by the chanliciir, a signal 
lighl is made up1 of a lamp and combination 
of colored glasses. By ilir, mean'; the car 
can be readily located b\ its owner when il i . 
in the midst of a crowded group of other car:..

Many times in backing down narrow road' 
or info garages, it would be helpful in have a 
light in the rear of the machine. This need 
has been provided lor2 in a combination 
searchlight and tail light contained in a 
compact case, the two parts being inde
pendently controlled.

An improved micrometer focusing device 
permits3 of the most delicate adjustment of 
the lamp in an electric headlight uf a locomo
tive. Independent movement vertically. hori
zontally, and laterally is provided. In a new 
headlight designed foruseon mine locomotives 
the lamp is fastened to the reflector, and the 
latter and the lamp socket are ilexibly sus
pended4 in the casing. 'Phis helps in avoiding 
the effects of vibrations and jars. Another 
large railroad’’ has started to replace kerosene 
lamps with electrical lamps for locomotive 
headlights. About 2.500 will be changed at 
the rate of from 75 to 100 per month.

Signal Lamps
Special lamps for signaling and for lighting 

equipment have been developed6 for use on 
aeroplanes. A telegraphic signal lamp has 
been devised7 consisting of a brass anchor 
light with Fresnel lens and a specially con
structed Morse key which is provided with a 
condenser placed in its supporting base. 
Many devices have been worked out' to 
warn users of heating devices such as irons, 
etc., that the current is on. To meet this 
need a line of receptacles and flush plates has 
been designed. A standard flush plate is 
used in which is set a small bull's-eye of 
ruby glass. Behind the bull’s-eye is a recep
tacle equipped with a 2-eandle-power lamp 
which shines through the glass as long as the 
current is turned on.
Motion-picture Projection

After considerable experimentation the 
past year has seen the introduction of the

* Elec. Record, January. 19IS. p. 43.
2 Elec. Record. June. 1918. p. 37.
2 Pop. Sci. .Monthly, April, 1918, p. 579.
4 Elec. Record, July. 1918, p. 33.
6 Elec. Rev. (U. S.). August 18. 1917, p. 2S3.
s Elec. IVld.. May 18. 191S, p. 1031. _
1 Elec. Merchandising. May. 1918. p. 275.
6 Elec. Wld.. October 6. 1917, p. 696.
9 Gen. Elec. Rev., December, 1917. p. 979.

See also Trans. I. E. S., June 10, 1918, p. 232.
*° Elec., April 12. 1918, p. S46.
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corrugations like a s.nmphore or li/liilem । 
lens. Il was found possible with tlii> e.m- 
denser (2I2 by li'j ft. conjugate foiL 
intercept light through a solid angle of 
75 degrees instead ol degrees available 
with the ordinary piano rm den.scr<. The 
corrugations also performed the further 
function of breaking up the image of i he 
filament, thus eliminating streaks and non
uniform illumination on the screen. A 
further gain in the effective light available 
was obtained by using a spherical mirror 
back of the filament, so adjusted that the 
image of the filament is thrown back on itself 
in such a wax' that the images of the segments 
occupy the space between the segments and 
thus produce the effect of a solid band of 
light. The lamp is of the gas-tilled type hat ing 
a specially coiled filament, the coils in four 
segments lying in one plane. Two sizes are 
at present available, one of Olio-watt 
capacity, taking 20 amperes at 30 volts, the 
other of 75u-watt capacity, taking 30 
amperes at 25 volts. Extreme precautions 
are necessary with these lamps to keep the 
current at a constant value since the filament 
operates normally at a very high temperature 
which does not allow of much fluctuation 
if the rated life of loo hours is to be obtained. 
These lamps are said to be suitable for use in 
theaters projecting pictures up to 14 ft. wide 
and with a throw as far as SO or HO ft.

It is claimed1,1 that in Germany it has been 
found possible to make lamps for projection 
purposes using currents as high as 200 
amperes. The difficulty in making air-tight 
joints where the leading-in wires pass through 
the stem is said to hat e been overcome by a 
special method which, however, is not 
disclosed. Apparently the lamps are of the 
same type, using a mirror, as those just 
described. The efficiency is given as in the 
neighborhood of 0.25 watts per Hefner candle
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Miners’ Lamps
The U. S. Bureau of Mines has published1 

a pamphlet in which have been compiled the 
coal mine fatalities in the United States. 
There is included a list of permissible explosive 
motors, and lamps, bulbs, glasses, igniters, 
etc. This supersedes all previous lists dealing 
with safety lamps of both the electric and 
flame type.

INFLUENCE OF THE WAR
While on the battle field light in all its 

various applications is a vital factor (as in 
signaling through the use of colored flares, 
rockets, etc.; in specific illumination, as of 
“No Alan’s Land” to prevent surprises; in 
searchlights both to aid in advances and to 
protect from attacks; in flash lamps for trench 
and scouting work) and while in the factory 
there has been a greatly increased use of light, 
the influence of the war on ordinary domestic 
lighting was strongly in the direction of cur
tailment for the purpose of saving fuel.

The high speed night and day work re
quired in munition plants and by those 
working on war orders emphasized2 the im
portance of good lighting. Lack of proper 
illumination results in accidents, mistakes, 
waste, and labor limitations. In a powder 
mill the question of safely is of paramount 
importance, and special precautions are 
taken in such places to enclose the units to 
avoid possible explosion resulting from ex
posed heated filaments, or arcs in case of bulb 
breakage. Another aspect of w-artime light
ing was found in the lighting of the canton
ments w-hich sprang up like magic last fall. 
Here the provision of sufficient illumination 
to insure cheerfulness had to be combined 
with adequate shielding to protect the eyes 
of the men from glare from the lamps. The 
problem of protective lighting of buildings 
and roads also required careful consideration.

It is stated3 that in both the French and 
Italian armies portable electric light plants 
were largely used for the lighting of staff 
quarters. The generator, coupled direct to 
a gasolene engine and mounted on a wooden 
platform, is capable of being carried by a 
couple of soldiers, and, having been trans
ported on a motor truck, can be utilized in 
about an hour’s time after its arrival.

i Elec. Rev. (U. S.), January 19, 191S, p. 137.
2 Elec. Rev. (U. S.). January 5, 1918, p. 3.
2 Elec. Rev. (London), October 12, 1917. p. 356.
4 Elec. Wld., November 17, 1917, p. 969.
* Ibid., December 15. 1917, p. 1159.
6 Elec. Rev., (U. S.), January 5, 191S, p. 32.
7 Elec. Wld., January 5. 1918, -p. 58.
8 Elec. Wld., April 27. 1918, p. S8S.
» Elec. Wld., July 6, 1918. p. 26, and July 27, 1918, p. 176.

10 Signs of the Tinies, February, 1918, p. iS.

Restricted Lighting
The government followed the lead of for

eign countries in endeavoring to save fuel 
by issuing orders restricting its use for the 
purpose of maintaining display lighting of 
all kinds. The first action, taken November 
9, 1917, was the restriction of the use of coal 
for sign lighting to the hours between 7:45 
p.m. and 11:00 p.m. with certain exceptions.4 
Experts of the Fuel Administration estimated 
that 250,000 tons of coal are used each year 
for display electric lighting and it was hoped 
much of this could be saved for other uses.

Subsequently5 there was under consider
ation by the Fuel Administration a plan for 
“lightless nights” in which it was proposed 
to darken all outdoor lighting other than that 
required for police purposes. This plan was 
put into effect by an order issued December 
14th making Sunday and Thursday nights 
practically “lightless.” This order also 
provided for the restriction of considerable 
indoor lighting. Both orders were made 
inoperative6 for districts where energy is 
obtained through water powder. On January 
2d a still more drastic order7 by the State 
Federal Fuel Administrator made the lightless 
rules apply to every night but Saturday in 
New York State. However, these orders 
were suspended8 April 25th and a new order 
which was more drastic for the New England 
and Eastern states than in those states where 
the fuel transportation problem is not so 
great, went into effect July 24th.9 Under this 
order the use of light generated or produced 
by the use of coal, gas, oil, or other fuel for 
illuminated or display advertisements, an
nouncements or signs, or for external ornamen
tation of any building was to be discontinued 
on the first four days of each W’eek in the 
Eastern states and the first tw-o days through
out the remainder of the United States. 
Street illumination w-as restricted and the use 
of light in show- window’s prohibited from 
sunrise to sunset of each day of the lightless 
nights designated in the order. Similar 
curtailments were made in Michigan;10 St. 
Louis, Mo.; Indianapolis, Ind.; Minneapolis, 
Minn.; Cincinnati, Ohio; and throughout 
New England.

STREET LIGHTING
Since the introduction of the high-pow’ered, 

gas-filled tungsten lamp into the field of street 
lighting, a great many arc lamps have been dis
placed by them. But that the arc lamp is by 
no means a back number in this sphere of work 
is demonstrated by its use in the so-called 
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intensive । >r । h i i;uin ul ;i I I h i I 11 -li: inr in I lie 
main bir-im-v; i.lrccl "I l.iir<- iitic 1 Tin. 
type nl ligh I i n;' cmlnidtnig the “ cil \ lu mil i 
Ini " | Tin w a . inn im cd in the hi • c;d lei I 
“ l’alh ol Gold" nn Mmkci Street in San 
Ft a nciscn, anil a similar in l.dlal ion wa made 
at about the smite time in Salt Lake ('it \ 
In last year's report rclcrcncc was made to 
plans for the use ol this s\ .t cm in the Trim tele 
District of San Frmieiseo mid Los Angeles, 
the latter city introducing the mixcllx ol' 
having two designs of standards alternating 
with somewhat different silhouettes. Among 
the other cities in which the pendent type 
luminous ares have been installed during the 
past year may be mentioned Philadelphia. 
Pa.; Baltimore, Md.; Bridgeport and New 
Haven, Conn.; Lowell, Cambridge and Salem. 
Mass., as well as others to be referred to Liter.

The Bureau of Standards has begun work 
on an extensive series of measurements2 
designed to provide information to be in
corporated in a street-lighting circular to lie 
issued by the Bureau. Among the early fea
tures of the work were measurements made on 
two types of street arc lamps to determine the 
distribution of light ami variation of candle
power and efficiency with current.

OTHER EXTERIOR ILLUMINATION
Data have been given" showing the light

house equipment of the Great Barrier reef 
which forms a natural breakwater about 
l(KK) miles long on the eastern coast of 
Queensland. Flashlight acetylene lamps of 
the automatic or “unattended " type are used, 
those of 1500 c-p. being visible for 1.3 miles, 
while those of 5000 c-p. can be seen at nearly 
20 miles.

What is said to be the most complete and 
modern wholesale produce market in the 
country4 has been completed in Los Angeles, 
Cal. The lighting is accomplished by means 
of 30 gas-filled lamps of 300 c-p. each, 
supported at a height of approximately 30 ft. 
by a tubular steel post 5 inches in diameter 
and tapering toward the top and arranged as a 
flag-staff.

Display Lighting
A good illustration of co-operation between 

a landscape architect and an illuminating
1 From data submitted to the Committee on Lighting and 

Illumination of the American Institute of Electrical Engineers, 
and used by permission.

2 Elec. Eng., December. 1917. p. 36
3 Elec.. April 12. 1918. p. M6.
4 Elec. Rev. (U. S.). June x. 191X. p. 962.

Elec. Rev. (U. S.). "March 30. 19ix. p. 551.
Elec. News, October 1. 1917. p. 36.

• E lec. Wld.. September 29. 1917, p. 638.
' Munit ipal Jour.. March 16. 191S. p. 221.

11 111 ini'1' w a' will i 1111 I ra ' ■ d r 
lar illumina I i'm ol l hi ■ < a i ,i ■ i
Lxhibil h in al Ti id >iit 11 Tl ■ ..
lighted Ii’ ID grmip ■ Il I'1 -t
ni nr 2i UI-w a 11 lam | r 111 a gn hi । > I h ; a' ■ 
a ri Hi nd i ho । ill! < r rim । J the lar; ■ . an ' 
jusi Iiihiw the surface of the wa‘'r W': 
blue, and green lamp Were cm],In.cd 'l l 
dome of the In >rt icult lire Biiildiiiv wa ligl fci 
by alternate rows of red. whi’e. aid Line 
lamps. 212 in all. The grand land wa- 
proxided with 10 reflector units of whic), 
2 1 were stationary and the remainder me.- 
able. The reflectors wen 2S inches in diam
eter. carried iOOli-watt lamjn and were 
provided with colored glass screens

Parkways
Statistics have been gathered7 by the 

Bureau of Ci nsus showing the relative use of 
different illummants for park and street 
lighting during the past ten years. The 
results are shown in the following taBle:

Type of Lamp

Electric arc................
Incandescent electric .
Gas..................................
All oth( r ......................

PER lEM OF TOTAL NUMBER

It will be seen that for this type of lighting 
the use of incandescent lamps has been 
growing steadily.

The fact that at the 153 safety islands at 
street intersections in Chicago5 270 accidents 
occurred in one year has led to inx-estigation 
of causes and a recommended tvpe of stand
ard. Posts should be painted xvhite and 
surmounted by a red globe. A xvhite globe 
with a red bulb inside has not prnxa d satis
factory, nor has the two-colored globe, red 
above and xvhite below to light up the p< >sts 
Small xvhite lights in opaque reflectors just 
beloxx- the red signal will furnish the illumi
nation of the pi >st without causing glare in 
the eyes । if drivers.
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Tin use of small farm lighting plants1 
operating on a storage battery is growing.

Floodlighting
A novel method of obtaining the flood

lighting of a store building front was worked 
out'2 in a city where the projection of flood
light across the street is prohibited. An 
electric sign extending the length of the 
building was made in the form of a valance 
and attached to the outer edge of the eaves 
of the roof. The lower outline of the valance 
is closely studded with bull’s-eyes which 
project light used for floodlighting in the 
rear of the sign; 100-watt gas-filled lamps are 
used as sources.

More attention to detail is being paid in 
floodlighting installations.3 This is illustrated 
in the case of a Western bank lighted by the 
use of twelve projectors containing six 
500-watt and six 750-watt lamps. It was 
desired to preserve the appearance of the 
architectural features as seen under noon 
sunlight, and projectors placed in three 
horizontal banks were mounted on a building 
diagonally opposite in such a position and 
at such a height as to simulate this condition. 
Another example4 of floodlighting a large 
building is that of the administration offices 
of the Utah University which is rather unique, 
as educational institutions are not ordinarily 
so treated. Ten 500-watt projector units arc 
used.

The floodlighting of the traffic officer8 as 
he stands at his post on dark and foggy nights 
has been found so satisfactory in St. Louis 
that searchlights for this purpose have been 
installed at five especially dangerous cross
ings.

A unique application of floodlighting6 is 
found in the illumination of an enormous 
sign made of concrete and built into the side 
of a hill. One of the numerals in the sign is 
70 ft. by 130 ft. (21.3 in. by 39.6 m.). Nine 
1000-watt projector units are used, arranged 
in a horizontal line on a platform supported 
by two poles.

Protective Lighting
Much attention and study have been given 

to the subject of protective lighting7 as mane 
factors of illuminating engineering practice, 

i Elec. Rev. (U. S.), December 22, 1917, p. 1078.
2 The Dougherty News, July, 1918, p. 8.
s Jour, of Elec., January 1, 191S. p. 37.
4 Jour, of Elec., March, 15. 1918, p. 294.
6 Municipal Jour., March 5, 191S, p. 12.
6 Elec. TV/d., September 29, 1917, p. 635.
7 Elec. Wld., June 15, 1918, p. 1269.
8 Pop. Meeh., December, 1917, p. 894.
9 Jour, of Elec., December 15, 1917, p. 540.

w Elec. Wld., December 22, 1917, p. 1200.

such as intensity, distribution and glare, have 
marked significance and their correct . co
ordination is of vital importance in the 
application of this branch of lighting to 
industrial activities. It has been pointed out 
that search-lamp and flood-lamp requirements 
are different, and that in many instances 
either or both are used when ordinary 
reflectors would be sufficient.

To aid in constantly guarding a western 
dam8 use has been made of a source consisting 
of a 14-in. silvered reflector backing a group 
of ordinary gas mantles. The projector is 
mounted above an oblong case containing 
the fuel and pressure tanks and all operating 
valves. Gasolene is used for fuel and it is 
claimed the arrangement is easily handled 
by one man and particularly useful for 
isolated locations where gas or electricity is 
not available.

As war conditions continue9 the importance 
of protective lighting was more and more 
appreciated. This was particularly true of 
power plants, and various methods were 
employed. A system used by a- large plant 
which supplies ¡lower to a lead and zinc 
mining district leaves the power house itself 
in total darkness, but all avenues of approach 
so brilliantly lighted that the unnoticed 
advent of a nocturnal visitor would be 
impossible.

The United States War Department has 
issued a pamphlet on “Protective Lighting’’ 
(Document No. 800) in which the need for 
protection of public works, industrial plants 
and other property which is vital to the 
prosecution of the war and to the welfare of 
the public, is described. The importance of 
artificial lighting as a means of guarding such 
property, and methods of making such lighting 
effective and of insuring continuity of lighting 
service are described. The material for this 
pamphlet was prepared by our Committee on 
War Service.

Sports
In general, use of floodlighting for outdoor 

sports has become so common10 that it is 
something of a novelty to find a place where 
this method has not been used. In the case 
of a certain athletic field the cost precluded 
the adoption of floodlighting. Good results 
were obtained, however, by using thirteen 
1000-watt lamps in angle reflectors on each 
side of the field, which is approximately 
450 ft. long by 270 ft. wide (137.1 m. by 
S2.2 m.). On one side the lamps were mounted 
under the edge of the roof of the grandstand.
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loot-candles, will, a maximum of I III 
and a minimum of p;i!i| In front of ihc 
grandstand the axcrme illumination w;r, 
2.79 foot-candles.

A ease is recorded1 where threshing was 
carried on al night with the aid of lamps 
placed in the barn. A shortage of labor ha\ ing 
made it impossible to gel help during the 
day, enough men employed in shops in the 
daytime were obtained to carry on the work.

Electrical companies and town councils 
have offered2 to provide the lighthouses 
necessary to light the aerial route between 
Dayton, (thio; Indianapolis, Indiana, and 
other cities to be used by the aviation corps 
of the army. Searchlights will be turned 
upward each night to guide the aviators in 
their flights.

INTERIOR ILLUMINATION
Systems

Certain conclusions were reached regarding 
the relative expense of direct, indirect, and 
semi-indirect methods of illumination in 
connection with a series of tests by a foreign 
engineer to determine the relative costs and 
merits of gas-filled tungsten incandescent 
lamps and arc lamps.3 The tests were made 
in a room ten meters by six meters, with 
white, ceiling and frieze and gray walls. The 
watts per lux pxr square meter of floor area 
was taken as a basis of comparistm. The 
results indicated that semi-indirect lighting 
with tungsten lamps is as cheap as. or cheaper 
than, direct lighting; for equal illumination, 
indirect lighting is about 20 per cent dearer 
than direct and 30 per cent dearer than 
semi-indirect lighting. These results have 
been criticized by another foreign engineer 
who claims that indirect is *2*2 per cent and 
semi-indireet 40 per cent dearer than direct 
lighting where the comparison is made with 
the most efficient types of reflectors in the 
three systems, given identical conditions, 
and as a requirement, the same foot-candle 
illumination. Reference should be made to the

1 Elec. Wld.. December 1. 1917. p. 1072.
2 Elec. (London). November 23. 1917. p. 260.
3 Zeils. Ver. Deutsch. Ing.. July 2S. 1917. p 625
See also Science Abstracts B. October 31. 1917. p. 392.

< Elec. Rev., Nov. 24. 1917. p. S91.
s Jour, of Elec.. March 1, 191S. p. 239.
6 Moving Picture n’ortd, December 22. 1917. p. 1798.
7 III. Eng. (London). September. 1917. p. 233.
3 .Moving Picture H'orZd. January 19. 1918. p. 375.

' Jour, of Elec., March 1. 191S. p. 225.
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Theaters
The growing approvin' Mn of the \ aluv of 

color in creating the right atmosphere in 
places of amusement is shown in the lighting 
installation of one of the newest and largest 
motion-picture theaters in the West.’'' The 
semi-indireet system is used and each of the 
massive wrought metal fixtures contains 
globes of four colors, amber, white, red, and 
blue. The four circuits are imb pemlem.Iv 
controlled ami by the use of mot' r- 'riven 
dimmers any desired effect can Lie secured. 
Floor lights are used to assist ;>a runs v> 
find their seats. The exterior is floodlighted 
from concealed sources.

In an extensive report’ by the Cinema 
Commission of Ei quin in Er gland it is 
recommended that there be adequate illumi
nation of the picture hous< s while the films 
are being shown and that an illumination of 
ii.1 foot-candle seems reasonable. It is 
further recommended that the front seats 
should be removed to at least ft. fr >m ’he 
screen. The growing use of shaded lights 
placed on the sides of theater chairs' to 
illuminate the steps of aisles indicates the 
extent to which s; ecialized lighting is being 
pushed. Formerly this work was d, ne. if at 
all. by an usht r carrying a pocket dash ’.am’,.

Stores
Dissatisfied with the st mi-indin ct fixtures 

available, a large department st ore has ha ’ 
designed9 and installed a totally it lirect 
system with s, me novel features. The fixture 
is made of plaster of paris in the form of an 
inverted bowl surrounded by a trough-si aped 
cornice, and the lamps lie in the trough. The 
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dome is filigreed to admit light within it, 
giving the fixture a transparent appearance 
of lightness, while the exposed surfaces are 
a light ivory in color to match the ceilings. 
Six hundred watts are used in each trough. 
The bowl is 30 in. across and hung so that its 
lower edge is 29 in. from the ceiling, which in 
turn is 21 ft. from the floor. The fixtures are 
centered in bays 24 ft. by 16 ft. and are 
used throughout the main floor.

An adaptation of the camouflage idea to 
show-ease illumination is to be found1 in a 
device which consists of three parts: (1) a 
nickel-finished refleel or bowl which contains 
the lamp and acts as a base; (2) a plate glass 
shelf mounted on the base and adapted to 
display goods; and (3) an upright card rack 
for price cards and reading matter. The 
reflector has a hole in the bottom so that 
when set on a glass-top show case it illumi
nates the goods below it and the source of 
light is not at once apparent.

Industrial Plants
The National Commission for the Pre

vention of Blindness has issued2 a publication 
on eye hazards in industrial occupations 
which covers an investigation of some seventy 
plants, embracing many different kinds of 
industries. A section is devoted to industrial 
lighting and the “Codes of Lighting Factories 
and School Buildings,” prepared by our 
Society, as well as the booklet "Light, Its 
Use and Misuse” are recommended to those 
seeking manuals of such information. An 
illumination of the order of four lumens per 
square foot is advocated as reasonably 
satisfactory for offices, and tables are given 
showing the watts per square foot required 
to yield this illumination both for gas and 
electric units, assuming various finishes for 
walls and ceilings.

What is said to be the largest garbage 
disposal plant in the world has been placed 
in operation on Staten Island. Special 
attention lias been given to the lighting 
features. Among the novel problems to be 
solved was the proper illumination of the 
interior of the reducers. Two openings with 
suitable projections were cast in the top of 
the tanks. These are placed at such an 
angle that the light entering one is specularly 
reflected from the surface of the charge to 
the second opening. A parabolicalh shaped 

1 Sci. Amer., September 29, 1917. p. 223.
2 Publication No. 12, November, 1917, p. 121.
3 Gen. Elec. Rev., December, 1917, p. 964.
4 Ibid., February, 191S, p. 77.
5 Gen. Elec. Rev., February, 191S. p. 124.
6 Elec. Rwy. Jour., May IS. 191S. p. 97S.

and polished aluminum reflector is fixed 
inside one opening with an aperture large 
enough to permit the closing of the hole by a 
steam-tight glass plate and gaskets. A low- 
voltage candle-pow-er automobile headlight 
lamp, suitably protected, was found to give 
enough light when inserted through the 
opening in the reflector. The general lighting 
of the reducing room is given by 200-w-att 
lamps in steel reflectors producing a specific 
power consumption of 0.33 watt per square 
foot of floor area.

Transportation
Almost everyone who has traveled at 

night has been annoyed at times by light 
shining into the berth, coming from lamps 
left lighted to illuminate the aisles. The 
Pullman Company after considerable experi
mentation has developed4 an installation 
which is expected to be a solution of this 
problem. The result has .been accomplished 
by using low candle-power tungsten lamps in 
receptacles placed under the ends of alternate 
seats and shielded by green glass.

In the lighting of trolley cars the modern 
reflector method with the units arranged in a 
single row in the middle of the center deck 
has met the needs so well that it is being 
extensively used in new cars3 and many 
roads are changing over existing equipment, 
but there is one bad feature of street and 
interurban car lighting, much more in 
evidence in the latter case than in the former, 
namely, the effect of voltage fluctuations in 
the lighting circuits. To meet this difficulty- a 
motor-generator set has been developed for 
use on interurban lines w'hich it is claimed 
maintains the illumination w-ithout appreci
able fluctuations and also preserves the 
continuity and intensity of the light from the 
headlights. By using a shunt or compensating 
device similar to those used with arc lamps, 
it has been found possible6 to cut down 
considerably the maintenance cost of lighting 
in electric railway cars.

FIXTURES
Reflectors

There is a continual increase in the number 
of semi-indirect fixtures made up of two 
parts, an upper diffusing and reflecting glass 
canopy suspended over a diffusing, trans
lucent bowl. These are designed primarily 
for stores and office buildings. A similar 
construction, but made entirely of metal, is 
found in a group of fixtures designed for 
industrial plants. Then there is an extensive 
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is lined both in stole. ami liirhinc, Aimai;' 
tile first named1 is a mu unit in xxliiih tin- 
upper reilector is made' with a prisinat ic 
under surface, with the ।>tir।" m- i>f intciisif\ im; 
the light rellectcd d< m n\\ ard. The use । if a 
simple tripod holder permits the mounting 
of the translucent bowl without the use of 
holes or supporting rods.

Still another two-pieec unit- lias a xvry 
Ikit, shallow, translucent bowl ami an inverted 
conical shaped reilector. The outside of this 
reilector is illuminated by light rellectcd from 
the bowl, while light is reflected from the 
interior of the cone to the ceiling which is also 
lighted by direct rays from the lamp. A 
variation3 in this type has its reilector part 
made in three pieces.

In the list of metal reflectors reference max- 
be made to one in which4 a porcelain enameled 
reflecting band is suspended from the upper 
reflector in such a way as to intercept all light 
xvithin the angles of 15 and s5 degrees. 'Phis 
light is reflected to the upper reilector of the 
same material and redirected downward to 
the working plane. Both parts are supported 
directly from the socket, but do not touch 
the lamp. Another fixture of this class5 uses 
a double cone-shaped lower part made up of a 
concentrating direct-lighting reflector below, 
and above a reflector sending its light to the 
diffusing upper part of the unit. This fixture 
is of spun steel finished in white enamel. 
Special metal reflectors for use in illuminating 
billboards, wall signs, and advertising display 
surfaces have been worked out.6 Tht reflector 
is so shaped that it does not require the 
bending of conduit pipe to get the proper 
focus. A locking arrangement is also fur
nished.

Street Lighting
A new street lighting fixture7 for use with 

gas-filled tungsten lamps contains, in addi
tion to the usual supporting and connecting 
devices, a dome refractor of prismatic glass 
which collects light emitted upxvards and 
redistributes it sideways and out into the

1 Elec. Record, January, 191$. p. 33.
2 Ibid., June. 1918. p. 33.
3 Ibid., May, 191S. p. 36.
4 Sci. Amer., December 15. 1911. p. 451.
5 Elec. Rec., January. 191S. p. 33.
’■ Elec. Rec., June. 1918. p. 30.
‘ Elec. Rev. (U. S.). Nov. 3. 1917. p. 7M. Gen. Elec. Rev., June. 191S, p. 430.
8 Elec. Rev. (U. S.). January 5, 1918. p. 46.
9 Gen. Elec. Rev., December. 1917. p. 945.

Elec. Wld., December 1. 1917. p. 10M.
11 Elec. Xews. November 1. 1917. p. 42.

Elec. Rec., January. 1918. p. 34.
12 Elec. Eng., June, 1918. p. 58.
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Specially designed for residential tud park 
lighting service is a new ornamental unit 
which also utilizes the domi-'liaju d refractor 
relerrcd to abox e tor collect mg ami re
distributing light emitted upward A । ■ 
shaped reflector at tin- bottom reflect' ligie 
otherxvi.se wasted and adds to the efticiem y 
of the unit. The outer globe i< made of 
stippled glass and consists of eight panels.

An addition' to street lighting fixtures is 
one for the high-current, high-candle-power 
series incandescent lam,is. It is made of 
east iron and is suitable either for an auto 
transformer or film cut-out socket. For the 
convenience of those having to do with the 
planning or providing of street lighting, data 
have been collected9 showing the character
istics of a large number of standard type 
electric units, both incandescent ami are.

Public Buildings
One of the recent developments in special

ized lighting is that of the aisles of theaters 
and motion-picture houses.10 Sex’eral styles 
of units have been designed for this xvork.

Special seamless and dustless fixtures11 
have been designed for use in hospitals. In 
these fixtures the canopies are screwed 
directly on the connecting tubes instead of 
being held by a collar. The sockets and si ade 
holders, while equipped to take care of 
ventilation, are covered with a cap xvhich fits 
snugly to the tube and shuts out dust while 
permitting of easy cleaning. Tie glassware 
used with these fixtures is chosen with 
particular reference to protection from glare 
and case of cleaning. For the operating room 
the pendent unit consists of an upper reflector 
and lower bowl made of diffusing glass. The 
reflector is adjustable up and down, per
mitting the use of a concentrating effect 
when desired. A fixture desigi 1 especially 
for operating tables consists1- of an octagonal 

otherxvi.se
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reflector 6 ft. in diameter, the various sections 
of which carry tubular single filament incan
descent lamps. It is claimed that the reflected 
light is confined to the top of the table.

Ships
Since the bulkhead or oyster-fitting holder 

for incandescent lamps was first used on a 
Cunard liner about the year 1SS4, little 
improvement has been made in this class of 
ship-fitting until recently. The original form 
was intended for carbon filament lamps. A 
redesign has been worked out1 to adapt this 
fitting for tungsten lamps. Apart from its 
application on board ship it is claimed that 
this fitting is well adapted for use in chemical 
works, mines, and in places where it is im
portant to protect the lamp from injury, 
mechanical or corrosive.

Glassware
The idea of using the lamp bulb itself to 

support the reflector is utilized in an English 
invention.2 The reflector ring is of glass, 
silvered, and provided with three adjustable 
copper clips to enable it to be fitted to the 
bulb. Tests by the National Physical Labora
tory in England showed an increase in the 
light emitted in a direction toward the tip 
of the lam]>, from 4 to 24 candle-power in the 
case of a 200-volt, 40-watt lamp. The reflector 
is s ipped on before the bulb is put into the 
socket.

An ornamental device to take the place of 
a service flag utilizes a flat alabaster globe3 
about S in. in diameter and lighted from 
within. It is mounted on an indestructible 
wood pulp pedestal with two molded eagles 
holding it. On one side a 3 by .5 in. service 
flag is shown on the face of the bowl while 
extra stars are furnished to be attached as 
desired.

A combination light and mirror, to be 
mounted on the front fender of an auto, is 
designed4 to save the use of two headlights 
and a rear light at night, and to provide a 
mirrorscope for use by day. The lamp is cut 
in or out of circuit as the mirror is lowered or 
raised.

The toggle switch has for a number of years 
been the favorite in England for use when, 
snap switches are employed in this country. 

i Elec. Times (London), February 7, 1918, p. 100.
2 Elec. Rev. (London), December 14. 1917, p. 561.
3 Ibid., October, 1917, p, 31.
4 Ibid., July, 1918, p. 32.
s Sei. Amer., March 30. 191S. p. 271.
6 Ibid., February 2, 1918, p. 110.
7 Ibid., January 26. 1918. p. S5.
8 Ibid., March 23, 1918. p. 259.
9 Moving Picture World, December 22, 1917, p. 17S1.

10 Jour. Frank. Inst., June, 1918, p. 770.

The advantages of simple operation and 
direct indication of being open or closed has 
led to its introduction6 here. Manipulation 
of this type of switch consists merely in the 
throw of a lever or toggle. In the up position 
the circuit is made, in the down position the 
circuit is open.

A new time switch6 for turning on or off 
the lights in electric signs, illuminated bill
boards or other unattended lights that 
should burn for a specified time utilizes a 
weight descending by gravity. Twenty-four 
hours are consumed in the descent and 
contacts made at any desired point or points.

PHOTOGRAPHY .
Motion Pictures

The use of an image measuring by 1 in. 
has been standard practice in the motion
picture industry for the past ten years.7 To 
overcome some of the inherent limitations 
involved in the use of such- a restricted field of 
operation a new form of film which moves 
horizontally instead of vertically has been 
devised and special cameras for its use and 
projection have been worked out. The new 
image is 4 in. by I1 J in., and all the advan
tages of standard films such as tensile strength 
and the value of standardization in laboratory 
work, shipping, and handling are retained. 
The stage director is enabled to use a larger 
setting and with an area twice that of the 
ordinary scenery may be covered without 
reducing the size of the characters. Improve
ments have also been made8 in the ordinary 
type of projection machine for motion pic
tures, the most striking feature being the 
lateral projection and a construction such 
that with a duplex instrument six reels can 
be taken care of at a single loading, one 
machine controlling the starting and stopping 
of the other.

In order to enable the government9 to 
study more, intelligently some of the phases 
of shell action, work is being done on a special 
triplex camera which will take pictures at the 
rate of 500 per second. The apparatus is a 
combination of three picture-taking move
ments each of which photographs at the rate 
of 100 per second.

PHYSICS
Light Sources

Another analysis has been made10 of the 
efficiency of light production in the case of the 
firefly, taking into account such factors as 
the efficiency of food intake and its trans
formation into energy and the efficiency of the
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utilization of llii'. A 'imph- appa
ratus lias been worked out lor i.eparal ing llw 
invisible lilt ra-\iolct radialion from that in 
the visible part of tin- spri-imm using tin- 
method suggested 1 Wood 1 The apparatus 
is useful for determining I he exact llnorcsccnt 
colors of various compounds. The efficiency 
of various light sources is referred to under 
the heading “ Photometry.”

Experiments on the action of light on 
selenium2 seem to show that the inferior of 
the material is afleeted as well as the surface, 
and hence the thickness of the selenium Him 
in a cell is an influential factor in the effect of 
the light, a question which lias been in 
dispute for some years.

Data have been published3 on the ultra
violet transmission of clear and cobalt blue 
glasses and1 on the transmission of white 
light by clear water. Confirmation of the 
assumption5 that the absorption by the 
earth’s atmosphere of the ultra-violet radia
tion from the sun is due to ozone in the 
upper layers, is indicated by some work on 
this subject.

Daylight Saving
The daylight saving bill was signed by the 

President, Marell 19th.6 I: provided for 
setting all clocks forward an hour on the last 
Sunday in March and turning them back 
again the last Sunday in October. Thus the 
L'nited States identifies itself in this regard 
with the twelve European countries which 
have, already tried out the plan and have 
found it successful. In view of the final result 
it is interesting to note7 that at a meeting of 
the American Astronomical Society last 
August an informal expression of opinion 
showed 22 against it, IS for it, and (> neutral. 
On the other hand the general medical board 
of the Council of National Defense' at its 
regular January meeting passed a resolution 
introducing the plan of daylight saving and 
agreeing to lend its influence in securing the 
passage of the law. Efforts were made9 while

1 Gen. Elec. Rex.. October. 1917, p, S17.
2 Elec., Xox'ember 2, 1917. p. 146.
• Jour. Frank. Inst.. July. 1918. p. 111.
4 Gen. Elec. Rev.. August. 1918. p. 577.
6 Nature. October 25. 1917. p. 144.
6 Cleveland Plain Dealer. March 28. 191S. p. 1.
7 Science. November 9, 1917. p. 467.
s Ibid.. January 25. 1918. p. 87.
9 Elcc. Rev. (U. S.). January 19. 1918, p. 116; February 9 

p. 2.36. and April. 6. p. 73.3.
10 Elec. April 20, 1918. p. 838.
11 Elec. Wld., May 11, 1918. p. 972.
12 Ibid.. July 6. 1918. p. IS.
13 Elec. News, July 15. 1918. p. 24.
14 Gas Jour.. Feb. 26. 191S. p. 388.
15 Sci. Amer.. Nov. 3. 1917. p. 325.

Science. September 7. 1917. p. 241.
17 Pop. Science Monthly. April. 1918, p. 576.
18 Phys. Rev., June, 1918. p. 502.

agreement llial davliglil mein on lolwa 
permanent mea-ure to operaie ilnongh H-- 
entire year.

An analysis of data Irom Public I 
in the Middle West for the month ot April 
indicated" an average reduction in ontpnt m 
kw-hrs. due to the daylight su ing of about 
5 per cent. Iti general the report- wlni h 
have been publi-hcd12 showing the cHc< t of 
daylight saxingt on the load curie' of othcr 
centra) stations in this country note an im
provement. In Canada,13 til 1 <r two month-' 
operation, a survey revealed little if any 
change either in the revenue or operating 
conditions. So popular litis the da\light 
saving scheme proved in England" that, 
upon urgent request, the date for starting 
was advanced so as to give five week: more 
of the extended daylight period. A com
mittee has been appointed to make plans1, 
for the adoption of the daylight saving scheme 
in Hawaii. I is said that sugar planters in 
some districts have practiced this for some 
years, the advance in time ranging on various 
estates from 15 minutes to an hour.

Light Sources
From experiments15 in crossing the two 

substances which are responsible for light 
production in fireflies, it has been deduced 
that the oxidizable substance, and hence 
the source of light, is what is called pho
togenin by one experimenter, or luciferose 
by another experimenter. How the other 
substance, photophelein. acts to aid in pro
ducing the light is still hypothetical, but 
it is suggested that it may cause a dispersion 
of colloidal particles of the photogenin and 
thereby increase the surface and permit 
auto-oxidation. Reference to the efficiency 
of light production by the firefly will be found 
under the heading ‘'Physics."

Two trees,17 the wood of which has the 
property of giving to water a marked flu< res- 
cence, have been rediscovered. One is found 
in Mexico, the other in the Philippines.

A very novel method of producing the 
so-called "Artificial Daylight" has been 
suggested13 and tested by an experimenter 
who uses an artificial source such as an 
acetylene flame or a vacuum or gas-filled 
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tungsten lamp, and passes the light through 
two Xicol prisms with a crystalline quartz 
plate between them. The path of the light 
is made parallel to the optical axis of 
the quartz, and the thickness of the lat
ter as well us i he angle between the prin
cipal planes of the Nicols must be properly 
chosen.

An extension of the use of radium com
pounds1 to illuminate keyholes, clock dials, 
etc., is found in a set of flat radium-treated 
disks to be attached to the dials of clocks at 
the five-minute points. A pair of hands 
similarly treated makes it possible to tell 
easily the time in the dark.

Applications
For night flying, navigation lights on the 

machines themselves have been found indis
pensable.2 In the British machines used to 
defend London against air raids, they are 
placed on the edge of the lower plane and 
are under the control of the pilot. They 
serve as a guide in squadron formation. In 

1 Pop. Science Monthly, February, 1918, p. 221.
2 Sci. Anter., February, 23, 1918, p. 163.
3 Sci. Amer. Sup.. July 6, 1918, p. 9.
4 Gen. Elec. Rev., March, 1918. p. 232.
$ Elec. Rev. (London). May 3, 1918, p. 424.

some cases variegated colored lights are used 
for signalling between the units of invading 
squadrons. For landing, the British home 
pilots make use of a flare which is used to 
illuminate the ground below.

There has been no generally recognized 
“Seale of Seeing” applicable for daylight use 
by astronomers. In connection with obser
vations on the sun, the desirability of such a 
standard scale has been apparent ,3 and work 
<>n it has been begun.

Of the many uses of artificial light one of 
the most unique4 is in connection with the 
stimulation of plant growth. Recent experi
ments along this line showed that with a 
very intense illumination, 700 lumens per 
square foot, approaching the magnitude of 
sunlight illumination, the rapidity of the 
growth and development of the plants 
experimented with was approximately double. 
The experiments suggest the possibility of 
using the idea commercially for the develop
ment of flowers such as Easter lilies which 
are required at a certain time.

The use of electric or other lights as an aid 
to fish catching5 is old, but a western hatchery 
has used them for aids in feeding.
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As a factor in niir tian ] »■-i t .o i<-n 
vincing manner the nnp<ht.m- • ■ t up 
warehouses, piers etc. Turn a\«d 
embargoes and indirci 11\' in ua .hi-
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The war has plae t il exact mg demands । >n 
industry and the reconstruction period will 
require great quantities of manufactured 
products. How can industry proceed it’, 
with the plants producing huge outputs, the 
products cannot be moved to the places 
where required ? The factor of trans]»>rtati<>n 
is of parallel importance to output.

It can easily be shown and has been 
demonstrated, to our sorrow, that a weaken
ing of this important link in our system 
seriously impairs the entire industrial organi
zation. If for one reason or another a 
terminal becomes congested, this is reflected 
along the whole line back to the producer. 
Embargoes are put on and the manufacturers 
are forced to let up on their output. Each 
plant depends on others for parts and raw 
materials. It is, therefore, evident that 
anything which will help our transportation 
problem is a factor in our industrial program.

The authors believe, and trust that they 
can prove to you, that proper and adequate 
lighting does facilitate the movement of 
material. Modern methods of illuminating 
warehouses, express and freight stations and 
piers thus indirectly increase and expedite 
production.

Speeding of shipment by good lighting is 
increased through the following direct causes:

(a) Greater actual speed of trucking, etc.
(b) Markings more easily ri ad.

The indirect effects are:
(cl Less mis-sent shipments.
(d) Reduction of spoilage and thefts.
(e) Improved relations with the public.

These are not theoretical statements, but 
are borne out in practice.

(a) If a pier or freight station is dimly 
lighted, many portions in deep 
shadow, truckers must proceed 
cautiously, watching out for objects

♦ Pap^r presented before the New Y«»rk Section of the Illu
minating Engineering Society, New York: December 12, 191s. 

h mg d >oui ' ■■. P G " >r, .r 
lack the •■Hiifidc i re wha h ■ "! 
with dear vidoii .\< « id< 11’ n ■" a" 
r>-\ cal t hat <'in' 14 ' hr 11" ' • i "ti n.■ 
ratbis i' -lumblim' "f ialh: r 
With poor lighting thi- hazard i 
increased. Not only doe> an no i
dent ati'cct the injured worker, bir 
it has a demoralizing elici t on 'he 
entire force. Each workman be- 
c< >mes । iwr-eaut ioti- and -h >w- d' >wn 
his movements. Proper ligh’. 
therefore, increases the -peed of 
freight handling.

(bi In sorting freight or express packages 
or stowing them aboard ship, it n. 
of course, accessary to read and 
check the labels or n arkings. It is 
self-evident that with plenty of 
light less time will be spent on this 
step of the handling. 1’ many 
stations there arc only a few spots 
where there is enough illun inati< n 
to read labels, and material actually 
has to be moved there to be sorted. 
Certainly this extra handlii g is not 
efficient.

ic Conversation with express officials 
indicates that one of 'heir serious 
troubles is mis-sent shi; ments. 
Inadequate illumination is an im
portant contributing cause. The 
reading matter on waybills is often 
faint or blum d and many ■ ackages 
are badly addressed. The chances 
for error under po< r light are great. 
Packages sent to the wrong place 
sometimes never return. Perish
able freight is often entirely lost if 
mis-sent. Occasionally an entire 
factory is held up awaiting the 
arrival of goods, the delay in trans
portation being due to a mis-sent 
shipment. Beyond the delay and 
cost of locating mis-sent material, 
there follows a further load on the 
transportation system of 
to proper destination.
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(d) Spoilage of goods is reduced if there 
are no dark corners in which pack
ages of perishable material become 
hidden. Again, boxes that have 
been broken in shipment are readily 
caught and taken care of before a 
greater loss is sustained. Breakage 
is bound to be reduced, for 
employees will not throw articles 
about promiscuously if the place is 
well enough lighted so that they are 
likely to be seen. Theft is greatly 
reduced, as the sneak thief would 
not dare to pry open a bundle and 
remove part of the goods if the 
chances of detection were high.

(e) Modern business methods have made 
it important to please the public. 
Common carriers desire to have the 

must cordial relation with shippers. 
If consignments arc delivered 
promptly in undamaged condition, 
if the mis-sent shipments are élimi
nât ed, then the transportation agents 
should have the good will of the 
people.

In spite of all these actual advantages of 
proper lighting, the subject apparently in 
many instances has not been given the at
tention it deserves. It is the purpose of this 
paper to point out methods through which 
the desirable results can be attained with 
minimum expense. It is also hoped that this 
brief presentation may call the matter forcibly 
to the attention of some of the officials in 
charge, that they may see the importance of 
the subject and' give it the attention and 
study which it deserves.

TABLE A

DATA ON TYPICAL PIERS—METROPOLITAN DISTRICT

Size Lamps
Hanging 
Height 

Feet
Spacing Watts per 

sq. ft.
COLOR

Reflector Remarks
Ceiling Walls

Case A mo-waP 
4-light 
clusters

15 40 x 50 0.20 dark dark dome Spacing too wide for hang
ing height. Inefficient 
lighting units. Illumina
tion results fair.

C ase B 250-watt IS 50 x 511 0.10 light dark dome Spacing too wide for hang
ing height. Results gen
erally poor.

Case C 250-watt 15 30 x 40 0.20 dark dark radial 
wave

Lighting results good.

Case 1 ) 100 wat t 11 50 x 100 O.OS dark .lark dome Spacing too wide for hang
ing height Wattage too 
low. Results poor.

Case E 100- and 150- 
wat t

15 30 x 30 0.16 dark dark dome Conditions generally fair.

Case F 250-watt 20 irregular 0.07 light light dome Spacing too wide for hang
ing height. Wattage too 
low. Results poor.

Case Ct 100- and 200- 
watt

IS various 0.09 dark dark dome Results poor.

Case 11 100- and 200- 
watt

20 20x35 (LIS light light dome Illumination generally satis
factory.

Case 1 400-watt so 0.06 white dark dome Spacing too wide for hang
ing height. Wattage too 
low. Results poor.

Case J 400-watt 15 50 0.16 white dark dome Spacing too wide for hang
ing height. Wattage fair. 
Results fair.

Case K. 100-watt 15 various 0.04 dark dark dome Entire system poor.
Case L 100-watt 

4-light 
clusters

15 30 x 60 dark dark dome Results fair, but spacing 
too wide.

Case M 150 watt IS • iO x 60 O.OS light dark dome. Spacing too wide for hang
ing height. Wattage too 
low. Results poor.

Case N 100-watt 
4-light 
clusters

40x78 0.13 light light dome Inefficient lighting unit.
Spacing satisfactory.
Lighting results fair.

Conditions very bad.Case ( > 250-watt 20 70 x 50 0.07 dark dark none
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I n vest i;;;il i. hi lia-. been ina.lc ..I a i<m 
siileralile iiuhiIht ol I mil. hn-.' ■ ol Ilie da ■ 
miller coiisideral ion, and llii. rcxcal. tlial in 
general the standard:'. o| ilhiminal ion ,ur l.ir 
too low lor Ilie ino.t .-c. .in .1 me oj leral i<>n 
X'ot only is insiillidcnl light Iiiini .hed. bill 
in a greal inajorit v of ca-.c . an1 ii|ii.ilcd <•< p i i । .
nielli is employed. lib olele t\p.-. oi incan 
descent lamps, ineliidcnt carbon arc lamp', 
and open I la me gas burners arc more pre\ a lent 
than in almost any oilier field tin- authors 
have investigated. Even win-re cllieieiil 
lamps tire employed, fre<|ucnily light is 
wasted through the absence of proper reflec
tors. In many eases where reflectors are 
installed, they have not been well maintained, 
becoming very tlirty, rusted, and in some 
cases actually falling apart. Incandescent 
lamps are allowed to burn after becoming 
badly blackened, and gas mantles which 1i;ixc 
half broken olt are still in service.

It is apparent that the elTeet of light colored 
surroundings in increasing the illumination 
is not fully realized, ('filings and walls 
have been allowed to become almost black.

'I'lic i11 c < I i;-al < it’ v i r<■ . s' " a a i.- - d 
illumiiial ine engineer . < omj .. i , m ' o < ■ ahi..• c 
the rv"illant illmniii.it i. m An anal i ol 
the results allowed that G2 per < .1,1 
had goo.l ilhiminal ion. Al 2 per e.-m lair 
ilhiminal ion. and 12 G per cent illumination 
which was entirely inadequate and generally 
poor. The average watts per -quan- loot ot 
those piers electrically lighted wa- t», !<,. with 
a maximum of ll.fll ami a minimum of 
II.().’>. Very much better illumination remits 
would have been obtained in practical! ill 
the eases if the equipment had been well 
maintained and surroundings given an o. ca- 

DATA ON TYPICAL FREIGHT STATION METROPOLITAN DISTRICT
TABLE B

bize Lamps
Hanging 
Height.

Feet
Spacing

Watts

S). tt.

COLOR
Reflect" r ditr hi Remarks

Ceding Walls

Case A 25- and 40- 
watt

12 12 x 17 11.15 ave. dark dark flat
dirty

Arrangement good. inten
sity too low. Poorly 
maintained, reflector in
efficient

Case B 300-watt 14 22 x 511 0.27 light me
dium

radial 
wave

good Arrangement satisfactory, 
adequate intensity, well- 
maintained. reflector suit 
able.

Case C 100-watt 12 ----A OU 0.13 light light dome fair Illumination adequate for 
the particular conditions 
of this freight station.

Case I) 100-watt 12 25 x 40 0.10 dark dark dome fair Spacing slightly too great, 
otherwise acceptable with 
better maintenance.

Case E 25- and 40- 
watt

10 ■----- — dark dark none poor Xo general lighting pro
vided these lamps sere ing 
merelv as markers.

Case F 60-watt 
carbon

s — — dark dark none poor Lamps inefficient, no re
flector, arrangement poor

Case G 100- and 200- 
watt

II — 0.24 ave. dark dark dome 
and 
none

very 
dirty

Xo regular arrangement, 
poorly maintained, effect 
generally unsatisfactory.

Case H 100-watt 10 20 x 20 0.25 dark dark dome good Well laid out. good reflec
tors, results would be 
better with painting.

Case I 100-watt 30 x ou il.10 dark light dome fair Spacing too wide, hence 
intensity low, otherwise 
satisfactory.

Case J 25- and 40- 
watt 

i-light cluster

10 30 x 3o 0.10 light light dome poor Generally unsuited.

illmniii.it
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sional coat of whitewash or other light paint. 
Three and six tenths per cent of the piers 
had wlnb walls and ceilings, 9.1 per cent 
light colored, 20 per cent medium colored, 
52.8 per cent dark, and 11.5 per cent very 
dark (almost black) surroundings.

The above data justify the foregoing 
criticisms. Such conditions would not be 
tolerated for the handling of materials in 
ordinary manufacturing plants, and the 
surprising feature is that it has been possible 
to get along at all with such poor light.

A few representative installations of 
tungsten filament lamps arc presented in 
Table A. The figures given, of course, 
include many other installations.

A similar investigation of some of the 
larger railway freight stations in the metro
politan district disclosed conditions as out
lined in Tai ile B.

General Requirements of Lighting
Enough light must be provided to read 

markings, labels, and waybills without eye
strain, and to see one’s way about the entire 
area.

If the first requirements are provided for, 
the safety element would naturally be taken 
care of. A minimum of one half foot-candle 
seems desirable in all parts of the station or 
pier. With this intensity average print 
can be read for a short period with reasonable 
ease. The Illuminating Engineering Society’s 
('ode of Lighting for Factories, Mills, and 
Other Work Places, which has been adopted 
as mandatory in a number of states, prov ides 
a minimum intensity of one quarter foot
candle for passageways, aisles, storage spaces, 
etc. This value takes care of the safety 
element alone and is not intended to represent 
the most economical intensity, the code 
itself recommending that a higher intensit y be 
provided.

In most instances lamps should be hung as 
high as possible. Properly applied, this does 
not reduce the average intensity of illumina
tion, in spite of the popular misconception to 
the contrary. Lamps well up toward the 
ceiling are not so likely to be broken. In this 
position they are handled less and reflectors 
do not become so dirty. Light sources hung 
low or in the line of view may blind one 
temporarily and cause him to stumble.

All light sources of an efficient type are too 
bright to be viewed for any length of time. 
They require an accessory’ in the form of a 
diffusing globe or reflector xvhich, together 
xvith proper placement, protects the eyes. 

In the class of building under consideration 
it is generally the best practice to utilize open 
reflectors, in order to get the maximum 
illumination with the minimum expenditure of 
energy. The element of decoration or artistic 
appearance, .beyond neatness, is, of course, 
not an important feature.

A reflector has the further advantage of 
directing the light efficiently’ where it is 
needed, rather than allowing a large portion 
to escape to the ceiling and walls. A given 
area can be adequately’ lighted with from 
25 to 50 per cent less poxver if lamps are 
equipped xvith reflectors, rather than used 
bare.

As pointed out before, it is most desirable 
to have walls and ceilings light in color. 
Paint is a wonderful adjunct to the lighting 
system. Many a poorly lighted room has 
been made satisfactory by refinishing the 
interior. This point cannot be emphasized 
too strongly’ in these days of coal conserva
tion.

Afjer the system is property installed, 
it should not be neglected. It is most 
necessary’ to have a careful system of regular 
maintenance. This feature seems to be 
generally neglected in freight terminals. Any 
railroad man certainly knows that his roadbed 
would not be safe if it were not regularly’ 
inspected and kept in first-class condition. 
A pier would soon fall to pieces if the spiles 
were not renewed when broken or rotted. 
On the other hand, lighting equipment is 
allowed to fall to pieces, lamps to become 
broken, reflectors rusty, and vert’ little atten
tion is paid. The output of light is decreased 
considerably, even with a small layer of 
dust or dirt, yet many’ installations are in 
operation where equipment has been neglected 
for years. Certainly the user is receiving 
but a very’ small percentage of the light 
he. is paying for.

Choice of the Size of Lamp
As a general rule, the larger lamps are more 

efficient and cost less per unit of illumination 
than small lamps. The fewer the number of 
outlets, the less the cost of wiring and main
tenance. On the other hand, in designing an 
installation a consideration of this feature 
alone may’ make the lighting practically’ 
xvorthless. For example, an area of 4000 
square feet is to be lighted. If one quarter 
watt per square foot is provided, 1000 xvatts 
are needed. For ordinary’ ceiling heights, 
one 1000-watt lamp xvould certainly not be 
the type to employ.
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The size'of the lump i ■ nmt rollcI ]। rim, nil v 
bj the veiling lu iglit. In other word ., lamp:, 
hung 2D It. above the lluor on “I) II center, 
give the same rc.idt'. a . lamp. |0 tt. above 
t.lie floor on lull, center'.. All other item-', 
being equal, mind thi-- .1 atement, a |i>U wall 
lamp 21) ft. high would he a . cflci t i\ c a ; four 
100-vvatt lamps II) ft. high

()ther items to consider me
(a) Obstructions of varimu-.ort-. If ma

terial is piled high or if there is 
much piping, cross beam etc., il is 
apparent that dense shadows would 
lie cast by large lamps vv idelvspaced, 
which could be avoided by using 
small lamps spaced linin' closely 
together.

(b) Character of ceiling, walls, and general 
surroundings. If these are light in 
color, reflect ing well, then con
siderable dilluse light is introduced 
in the illumination. This elimi
nates shadows and permits wider 
spacing.

(c) Size of bay. The total area is usually 
divided into hays by posts or 
columns and for good appearance, 
as well as ease of construction; it is 
desirable to install outlets symmet
rically with respect to the bays. 
This, of course, has a determining 
effect on the spacing and hence 
on the size of lamps. This practice 
is particularly important in ware
houses where material is piled or 
stored in reference to the arrange
ment of posts.

Choice of a Reflector
The question of decorative appearance is 

not very important in the class of building 
under consideration. The object is to get 
the maximum light on the floor and hence 
on the material with the least expenditure of 
energy. An efficient reflector is essential.

In general, glass reflectors are not well 
suited for this type of interior on account of 
the likelihood of their being broken. Freight 
handlers are none too gentle in their methods, 
and in carrying high pieces, lengths of pipes, 
etc., no particular pains will be taken to clear 
the reflector. An efficient steel reflector is 
generally the solution.

The dome-type reflector gives a greater 
spread of light than the deep bowl, permitting 
wide spacing without intervening areas in 
darkness. This style also gives a higher 
output.

All enameled urfaee. are no' equ.dl 
eflicicui. I 'mod enameling. appear a pure 
white or po.-iblv a trille ’. ellow. A thin 
coating of enamel appear- slightly blue, due 
sometimes to the base metal bowing t hrotigh. 
Reflectors with a surface having a -light 
bluish tint are by no mean- v illieictit us 
those pure white. 'Die enamel should be 
evenly distributed and there should be no 
cracks, however small. Moisture will creep 
through minute cracks anil finally iittack the 
base metal. The enamel should not be 
extremely brittle. as this chips too readily on 
being struck. In reflectors to be used out of 
doors, particular attention should be paid 
to the enameling around the joints, for these 
are most susceptible to rusting.

The leading manufacturers of industrial 
lighting reflectors have now standardized on 
certain shapes, sizes, and quality of reflectors. 
A constant check is kept on this latter item 
and a purchaser obtaining a reflector with the 
label of approval attached need have no 
hesitancy as to the items outlined above. 
The standardization referred to marks a big 
step forward in ‘‘Duality Lighting.”

Warehouses, Express and Freight Stations
The light should be quite evenly dis

tributed, as labels and marking.- must be 
read anywhere about the floor, yet the 
demands in this respect are by no means as 
exacting as where close visual work must be 
carried on. The intensity should be highest 
near the doorway and down the main aisles, 
for here is found the densest traffic. To 
attain an average intensity of at least one 
foot-candle and not have the minimum 
appreciably below one fourth foot-candle, 
specified by the industrial codes, from 0.15 to 
0.25 watt per square foot of floor area is 
advisable. This figure presumes the use of 
high efficiency lamps and suitable reflectors, 
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and takes into account tin average amount of 
acquired depreciation, which is rather high 
in the class of building under consideration.

The following general rules on maximum 
desirable spacing apply:

Ceiling 10 ft. or less.......... 1G ft.
Ceiling 10 to 15 ft.......................20 ft.
Ceiling above 15 ft............... 30 ft.

()f course, these are subject to more or less 
variation, depending on the manner in which 
material is stored.

For long, narrow rooms (less than 30 ft. 
or approximately one bay wide), one central 
row of outlets will serve the purpose well. 
75-watt tungsten filament gas-filled (Mazda 
C) lamps in enameled dome reflectors on 
15-ft. centers would be a typical installation 
for a room with a 10-ft. ceiling, whereas 
100-watt units on 20-ft. centers could be 
used if the ceiling were 15 ft.

It the room is wider, it is well to space 
outlets symmetrically in the bays. For 
example, a warehouse from 10 to (¡0 ft. wide 
should have two rows of lighting units, while 
one over GO ft. will probably require three 
rows.

With ceilings averaging 15 ft., one outlet 
in the center of each 20-ft. standard bay is 
excellent practice, as shown in Fig. 2. Where 
n aterial is piled almost to the ceiling, it is 
necessary to localize units with reference to 
the aisles, as pictured in Fig. 3.

For the loading platforms similar units and 
rules as to spacing apply. A particularly well- 
lighted platform of this character is shown 
in Fig. 5. Where units are exposed to the 
elements, attention must be paid to the 
weatherpre>of qualities.

To provide for the lighting of cars which 
are to be unloaded or loaded, socket 
receptacles should be installed on the pillars 
near the track side of the warehouse or 
station. In some cases these are installed 
along the track edge of the platform, slightly 
below the level of the car doors. This 
practice has certain advantages in that a 
shorter cord will suffice and the wiringdoes not 
interfere with trucking.

Extension cords with suitable sockets and 
lamps with wire guard should be available 
for use inside of the cars. The lamp guards 
can well have a. hook arrangement so that the 
units may be hung from the ceiling rods in 
the car. A typical layout for a small freight 
or express shed with loading platform is given 
in Fig. 1.

Transfer Platforms
Well-lighted transfer platforms promote 

safety of trucking and facilitate the handling 
of freight and express between the freight 
houses and express platforms, and the cars 
on the outside tracks. Absence of light here 
is a contributing cause to the placing of 
freight in the wrong cars, for a great deal of 
this work is done at night.

These platforms are generally long and 
narrow, being merely the space between ad
jacent tracks. Some are covered and others 
uncovered. For the covered platforms, units 
should be located midway between supporting 
posts, or if the posts are. very close together, 
in each second section. If the platforms are 
uncovered, a central row of posts should be 
provided which will support weatherproof 
lighting units on simple bracket arms.

For this work, a relatively flat reflector is 
most suitable,. for not only must there be 
light on the ground, but also on vertical 
surfaces, as the freight checkers must com
pare stub tickets given them in the ware
houses, with similar tickets placed on the 
sides of the cars, for which the freight is 
intended.

It is difficult to state exactly what size of 
lamp should be used, as this depends largely 
on the spacing. 75-watt units on 15-ft. 
centers, 100-watt units on 20-ft. centers, 
150-watt units on 30-ft. centers should prove 
satisfactory. If, in the case of uncovered

Pion and Elevation of Loading Platform and Shed

© Indicates Lighting Outlets
® Indicates Plugs for Extension Cords

Fig. 1. Diagram Showing Lighting Layout, Typical Small
Freight Shed

platforms, the poles are spaced as far apart as 
40 ft., it is then well to use two units per pole, 
one on each side in the plane of the center 
line of the platform. This is necessary on 
account of the heavy shadow which would
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Fig. 2. Splendidly Illuminated Warehouse of Modern Construction One 200 watt tungsten filament gas-filbd Mazda C lamp 
in enameled dome reflector is placed close to the IS ft ceiling in each 20 ft bav

Fig. 3. Day View in a Warehouse Which Has an Excellent Illumination System The rooms are divided m* b.-..- bv 
on centers 20 by 20 ft. Each bay is provided with two outlets. Sixty-watt tungsten filament ga’-filled Mar’« mps 

in deep bowl intensive aluminum finish reflectors are placed close to the 13-ft ceiling AH wiring i< d r.t ■ 
conduit and rows of lights are controlled bv snap switches, which are located in rhe b xrs 

shown on the columns in the foreground
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otherwise be cast by the pole. Whatever 
unit is used, it should be supported rigidly 
to prevent its swinging in the wind. It is 
also well to provide receptacles for extension 
cords in weatherproof boxes on the pillars.

Plan and Elevation of Loading Platform and 5hed

Track

Track

Track

s Indicates Lighting Outlets
® indicates Receptacles for Extension Cords

Fig. 4. Diagram of Lighting Layout, Typical Transfer Platforms

A typical series of loading platforms is 
illustrated in Fig. 4.

Piers
The annual carrying capacity of a vessel 

depends, to a considerable degree, upon 
prompt loading and unloading, so that it is 
good practice to work night and day when it 
is at dock.

Due to conditions over which man has no 
control, such as stormy weather, fog, ice 
floes, and accidents, a fleet of ships cannot 
maintain any absolutely definite schedule as 
a railroad, and these unavoidable losses of 
time must be made up. A good lighting 
system must be maintained in order that tin 
work may be perform' 1 efficiently during 
the dark hours. \\ ith poor lighting, no 
matter how good the mechanical equipment 
may be, the human element cannot work 
rapidly and the docking time will be length
ened. The general effects of good lighting, 
as outlined in the opening paragraphs, are of 
course found on the pier and it will speed 
up the handling of material.

It is further necessary to provide adequate 
light for the custom officers to properly 
inspect all freight and baggage in the shortest 
possible time. The amount of material being 

handled by the shipping concerns at the 
present time is greater than ever before, 
making this subject of vital importance. 
It is reasonable to estimate that at least one 
third of the work is done after night time. 

There are two general classes 
of ocean and lake piers, the first, 
those used for both passenger 
and freight, the second, those 
used for the handling of freight 
only. As a rule the larger piers 
of the first class are of the 
double-deck type, passenger 
section above, while the freight 
pier is usually only one story 
in height. Many river piers are 
similar in structure to railway 
freight platforms and should be 
lighted in the same manner.

All piers, are long, narrow 
structures, the sides of which 
consist of doors through which 
the freight is passed. The center 
of the main dock is employed 
as a driveway for trucks and 
wagons. Since the freight is 
loaded from the sides of the 
piers, more light is required here 
than over the center, a low

intensity sufficing for the trucking. The 
requirements for the sides of the pier cor
respond largely with those for a warehouse or 
freight station. The' stevedores must read 
the addresses and place the hoisting tackle 
around the boxes, bales, and casks to be 
loaded. Lamps should be hung high so 
that they will not interfere with the storage 
of freight, will not be broken, and so that 
piles of freight will not cast long shadows. 
Il is often advisable, in the case of a relatively 
low ceiling to hang lamps between the girders 
rather than on them. This permits a slightly 
higher hanging.

For piers handling general freight and 
merchandise, the rules for spacing and 
size of lamps given under warehouses apply 
for the side bays or loading sections: approx
imately one fourth watt per square foot 
will give adequate lighting. For the trucking 
area or center bay, larger lamps can be used 
on wider spacings. A general figure of 
one eighth watt per square foot will prove 
satisfactory. A typical loading platform or 
side bay well lighted in accordance with the 
rules laid down is shown in night view, Fig. 5.

Where the pier is relatively narrow with 
no line of demarcation between the loading 
areas and the general trucking space, asym-
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Fig. 5. Night View of the Dehvciy Platform of a Large Railroad Pier. This is ilhiminattd by w.itt b< wl *'•! • mg-tcn 
filament gas-filled Mazda C lamps with dome-shaped enameled steel reflectors, hung well out < f reach. Certainly 

trucking and freight handling can he earned on with expedsenev un ler such illaimna’i -n

Fig. 6. Night View of the Passenger Section of the Chicago Municipal Pier This is 2340 feet l?ng A ftal of 235.4nj wa‘t
tungsten filament gas-filled Mazda C lamps in opalescent enclosing globes are hung 25 ft. high. The-r a'e on centers

40 by 35 ft. The freight section is located on the floor below. This is of equal dimension but with a 
somewhat lower ceiling. Similar equipment an 5 spacing are installed
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metrical arrangement of outlets over the 
entire area best meets the conditions. The 
diagram, Fig. 7. however, shows an arrange
ment commonly encountered. For these par
ticular dimensions, 150-watt lamps in enam
eled dome steel reflectors should be used, one 
each in t he side bay s, while 300-watt units of 
the same character on 50-ft. centers furnish 
adequate light for the central or trucking 
space.

For piers devoted to the handling of fruit, 
the lighting requirements are considerably 
more exa< ting. A higher intensity is required 
and more even distribution. Fruit after 
being unloaded on the pier is generally sold 
at auction. The commission merchants visit 

veniences of ocean travel. A well-equipped 
and thoroughly modern passenger deck is pic
tured in Fig. 6.

The traffic in the neighborhood of a busy 
pier is quite heavy. To avoid confusion and 
resultant delay of trucking, the approaches 
to a busy pier should have somewhat better 
lighting than normally furnished by the 
municipal street lamps. Standards are quite 
out of the question, as they are very likely 
to be broken by a truck. Brackets suspended 
from the face of the building provide the 
logical solution. Standard street lighting 
equipment of the various types, with their 
particular advantages, should be used here. 
The quality of light or the size and spacing of

Plan and Elevation of Pier Showing Method of Lighting

r ------- «uu -i

□ Location of Posts
® Location of Lighting Units

Fig. 7. Diagram Showing Typical Freight Pier Lighting Layout

the piers and inspect the fruit. It is quite 
important that the true condition of the 
fruit be shown to the prospective buyer. 
It is necessary that the color of the fruit is 
not distorted and a close approximation to 
white light is desirable for the artificial 
illumination. A case is on record where 
commission merchants have refused perfectly 
good fruit and left it to rot on the hands of 
the owners, because it appeared green under 
artificial light, the color composition of which 
was such as to distort materially the natural 
apptarance. From 0.3 to 0.5 watts per square 
foot is desirable tor a fruit pier.

In the passenger decks of the pier, some
what more attention -should be given to the 
appearance of the unit.. Most people who 
travel by boat, for business or pleasure, are 
of a. class which are accustomed to the 
comforts resultant from good artificial illumi
nation. The patronage of this class of people 
is most desirable in normal times and a well- 
lighted pier is a factor toward this end. 
With good lighting the inspection of baggage 
by the custom officers is facilitated, which 
tends Io eliminate one of the greatest ineon- 

units is a matter that is somewhat out of the 
province of this paper and governed largely 
by local conditions. An excellent example 
of this form of lighting is shown in Fig. S.

A completely equipped pier should have 
high powered lamps on the water side of the 
structure. These should be hung high so 
that the open hatchways of the ships will 
be or can be lighted. This facilitates the 
freight handling and tends to eliminate acci
dent. The actual lighting of the hatchway7 
itself is taken care of by’ portable lamps 
which are part of the ship’s equipment. 
The external lighting of the pier is a great 
protective agency.

The importance of protective lighting has 
been emphasized in a number of papers before 
the Society. Shipping is a very’ vulnerable 
part of our war activities. The methods 
outlined f<>r protective lighting of any building 
apply equally well to the pier. Lamps sus
pended from the face of the building in a case 
of a pier should be supplemented by search
lights and floodlights, which are adjustable 
and can be used to sweep the surrounding 
waters. Gare must be taken to see that these
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units are sn arranged that appri incliiii/ and 
passing pilots are not blinded by glaring 
beams. I ’raet icall v all the large piers have 
this type of equipment now installed. It is 
inexpedient, to go into details as to its cun- 
struet ion or applieat ion.

Conclusion
It. must be borne in mind that a difference 

exists between freight handling mid ordinary

It Is behex < d I hat I he ca i f or ; ood h 
has been pnnvii. Improper or ncidiqii. '• 
illuminal ii m imrea .cs the ,oi pi r ion oi 
handling bright. Since the । apa< it ol a 
warehouse r. d< pendent <>n the pi ed xxCh 
which material moves t hrongh it . bad 1 ip 111 n."

Fig. 8. On Account of the Density of Trucking and Traffic in the Neighborhood of a Pier, it is Desirable to Have Good Illumi
nation for all Adjoining Arrears. This night view, taken down the center of the Commonwealth Fish Pier. Boston, 

shows the effects of using 750-watt tungsten filament gas filled Mazda Ci lamps in street lighting fixtures 
of the diffusing type. The lighting units are supported on brackets extending 

from the face of the building

manufacturing processes. In the latter, it is 
possible to install automatic machinery and 
so plan the work that undue congestion 
does not result. From the very nature of 
freight handling, practically all work is 
manual and rapidity of movement is essential 
to prevent delays and resultant tying up of 
traffic. The demand for proper artificial 
lighting is acute.

While this is true in the ease of railroad 
freight it applies even more forcibly to the 
ship. If a freight car is held over, only one 

reduces the capacity. It is certain that it 
decreases the number of working hours.

Conversation with agents in charge of 
poorly lighted stations ami warehouses in
dicates that they realize that the cause of 
many mis-sent shipments is lack of proper 
lighting.

Accidents are increased with darkness. 
The cost of an accident in damages may 
be many times the cost of properly light • g 
a station, warehouse, or pier for a long 
period.
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Methods for More Efficiently Utilizing Our 
Fuel Resources

PART XXIII. COMPETITION IN COAL MINING AND 
FULL UTILIZATION OF THE FUEL*
By Chester G. Gilbert and Joseph E. Pogue

Division hi Mineral Technology, United States Rational Museum

A phase of the fuel situation, hitherto untouched in this series of articles, viz., competition in coal mining, 
is clearlv outlined and emphatically condemned in the following article. Organized and co-operative operation 
is advocated. The wast< lulness of burning raw coal is also condemned, and strong recommendation is made 
that the coal products industry be expanded to furnish a greater amount of prepared fuel in both solid and 
gaseous states. The benefits resulting from this improved method or fuel utilization and the marketing -of a 
greatly increased amount ol coal by-products are amply described. The authors urge the public to interest 
itself in bringing this change about.— Editor.

In sj ite of ample supplies in the ground, 
coal inadequately meets its obligations because 
of the competitive manner in which it is 
mined, the unnecessary extent to which it is 
transported, and the improper way in which 
it is used. The first has caused tremendous 
waste, the results of which will be felt heavily 
in the near future; the second has caused a 
coal shortage in the present period of stress 
and promises a repetition at every coming 
period of sudden industrial expansion; the 
third has imposed an excessive burden of 
cost upon the public. To prevent waste, to 
circumvent shortage, and to lower cost, 
changes in our system of coal economics are 
necessary. These changes must be deter
mined by coal itself—by the nature of its 
geographic distribution, geologic occurrence, 
mining technology, and chemical composition. 
It is the purpose of this article to draw from 
the considerations enumerated—from an 
analysis of the resource—an expression of the 
directions which these changes should take.

The Economic Status of the Coal Mining Industry

The United States in 1917 produced in 
round numbers 640,000,000 tons of coal. 
About one seventh of this, or 90,000,000 tons, 
was anthracite, while the rest was bituminous 
coal of various grades. The anthracite 
came from a small area of less than 500 
square miles in Pennsylvania; the bituminous 
supply, from 30 states, with Pennsylvania, 
West Virginia. Illinois, and Ohio contributing 
about three fourths of the total.

While the greatest improvements, with 
most telling consequences, are possible and

♦Abstract of a paper “ Coal, The Resource and Its Full Utiliza
tion” by the authors. Bulletin 102, Part 4, United States Na
tional Museum.

tThe coal industry in its operations is more comparable to the 
brickmaking industry than, for example, to the iron industry. 

necessary in the utilization of coal, the con
ditions of coal production are likewise not 
bes- adapted to. the nature of the resource, 
and offer opportunities for advantageous 
changes. Passing over anthracite, because 
it is not inherently a necessity and because, 
moreover, its production ¿s effective both as 
to engineering practice and co-ordination of 
operations, we find that the mining of 
bituminous coal is so widely scattered and 
loosely co-operative that the aggregated 
activities are to be looked upon as an 
“industry” only in respect to their common 
purpose.t The country’s most basic resource, 
indeed, is produced through the medium of a 
thousand disintegrated units, working without 
concert and under conditions of destructive 
competition.

Bituminous coal mining as an industry 
is beset by conditions which are the occasion 
of present wastefulness and the justification 
of apprehension for the future. Scattered 
and unorganized, most of the individual 
companies are small and financially weak; 
no adequate co-operation in engineering 
practice exists; new developments are slow 
of growth; coal is mined for the most part 
by conservative, long-established practice. 
With no methods of storage developed, the 
average mine can mine coal only when 
railroad cars stand ready to receive it; a 
fluctuating demand, accentuated by seasonal 
variations, leads to instability of operations; 
many mines in normal times must close down 
in slack periods, with destructive effect upon 
the conditicms and supply of labor. For years 
the price of coal at the mine has been from 
SI to 81.15 a ton, a figure so lo* that only 
the best and most easily obtainable coal 
could be extracted by the cheapest methods 
of mining, irrespective of the waste involved : 
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the tonnage ol thin cam and ln;Ji io .1 area 
sacrificed in the piocc .. anmmit . Io more 
Ilian halt the total coal produced to date. 
Many districts hate been burdened with a 
leasing system that obligated Ilie company 
to remove a given tonnage each rear, irre
spective of market demand or price, with Ilie 
result that the richest spoi s were drawn from 
seam after scam with irretrievable |o-,s to 
present needs. Miners' unions in general 
have fixed wages on the basis of thick and 
easily worked seams, and imposed such 
severe penalties upon inferior conditions 
that the operator is precluded from introduc
ing new and improved methods. Upon all 
this, the policy of the Government, as 
exemplified in its anti-trust laws, has for
bidden combinations and restrained co
operation, with the result that large-scale, 
standardized operations, a paramount and 
distinctive American achievement, is prac
tically lacking in the mining of coal.

These conditions are particularly objection
able because they concern a product of 
fundamental importance. As compared with 
the iron industry or the copper industry, the 
coal industry appears in an unfavorable light 
in production efficiency. The difference is 
not to be attributed otherwise than to the 
competitive system of small-unit mining, 
which has prevailed for coal in this country 
and indeed been perpetuated, against a 
natural tendency otherwise, by a public 
policy hostile to combination.

Coal cannot be mined effectively under 
the present system. The nature of the 
resource demands integration. Only by the 
grace of lavish coal wealth has the United 
States this long borne the incubus of com
petition in coal mining. So much is generally 
recognized, but the means whereby integra
tion may be attained are less apparent. 
The most practicable path leads toward the 
enlargement of the public utilities conception 
to embrace coal.

We may define a public utility as a necessity 
which does not lend itself to competition. 
In such a category fall gas, water, and 
electricity, the telephone service and traction 
systems of municipalities. In the case of 
these necessities, public regulation is sub
stituted for the restraining influence of a 
competition that has been found inexpedient. 
Coal is a necessity which does not lend itself 
to competitive mining.

In anthracite is found an interesting spokes
man of this principle. The anthracite industry 
began with many competing units, but the

11 i.iIIik ol tin fi> M ■ ■
c;r V am 1 led Io 11p i m i ■ • H ' '
mt civ I hi a mnti'iI ' a /au i / . : ■, 'I ' 
III > I' lit I I IC i omblli.i1 loll. 'll ' ' I 
IV till , w a . I w ol old , I' । i al - ’ '
ant Iiracitc and to mi t ea c t lie < i». ■ •.
mining, 'flic di .adv an! age ol 1’p t ■ . 
ci ii i inioiil v recognized, but not the ad 
of the second, which Were c piall'. t. ' ■ '
Through its monopoli tic <oniro] ol ■■ 
nixed necessity, the combine vear .. o 
became a matter ol public < om < in and ' 
government faced I wo alt ernat ive m meeting 
the problem thereby- rai-ed it could ciHar 
recognize a combination in restraint o| trade 
ami order its disintegration: or elw accept 
the combination ;is procedure csontial 'o 
the proper handling of the re-ounv. and 
impose suitable restrictions on the ba-is 
that the activity had become automatically 
a public utility. The first procedure was 
adopted and the combine was dissolved in 
so far as its legal existence was concerned; 
but at bottom the combination persisted, 
because it was inherent in the nature of 
anthracite development and could not be 
legislated out of existence. The alternative 
chosen by the government was impossible of 
execution. It is open knowledge that the 
anthracite companies today operate in cone rt 
and fix prices by circular announcements at 
rates suitable for the effective operation of 
both high-cost and low-cost mines. As a 
result, anthracite is mined efficiently in spite 
of laws opposing the means to that end.

The bituminous industry deals with a 
necessity that is lending itself less and less 
to competitive production. Competition is 
incompatible with economy, because coals 
expensive to mine cannot compete on a 
commercial basis with those which may be 
mined cheaply, and the two, in general, 
occur in such intimate association that the 
first, under present conditions, must be 
sacrificed in order to get the secund If the 
price is arbitrarily fixed high enough to cover 
the extraction of high-cost coal, society will 
pay too much for low-cost coal. If. <>n the 
contrary, the price is allowed to seek a 
natural level, the high-cost coal cannot be 
ext racted and much of it becomes permanently 
lest. It may be asserted that we should 
use up the cheaply obtainable coal first and 
then later, when necessary, turn to the coal 
more expensive to produce. Such would be 
advisab e, were it not for the fact that 
the fat and the lean occur intimately mixed, 
and we cannot later return and glean the 
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unused values. This limitation is set by the 
geological occurrence of coal and cannot be 
changed. The only way by which coal can 
be mined effectively is for the price to be 
adjusted to the mining costs of each mine, 
and even to those of different parts of the 
same mine. Obviously, this would require 
a pooling of interests—in short, integration.

Bituminous coal, therefore, is a necessity 
which cannot be produced advantageously 
under competitive operation. It has become 
by its very nature a public utility, and its 
administration as such, with integrated 
activity, is the only practicable way by which 
its full sen ice can be secured.

Integrated coal mining, under proper 
limitations, will reduce waste, stabilize pro
duction, adjust supply to demand, lessen 
transportation, and hold the centers of coal 
production longer than otherwise in their 
present spots to the advantage of the present 
distribution of industrial activities, but 
cannot be expected to lower the cost of 
coal to the consumer. For that purpose, 
far-reaching changes in coal utilization alone 
will suffice. While the price of coal to the 
consumer has been too high, the price of coal 
at the mine has been, in general, too low—so 
low in fact that it has been a small factor 
in the ultimate cost to the public. That is 
evident in the contrast between one dollar 
and the figure the consumer pays. The 
price of coal at the mine mouth, however, 
has been slowly advancing; the upward 
tendency is natural, and if left to itself will 
become stronger and stronger as more and 
more of the easy-to-ge1 coal is mined. At 
the present moment the price at the mine 
is too low, because of the apparent abundance 
of easy-to-get coal; but within a very few 
years (if not already), with the exhaustion of 
cheaply mined coal, the mining costs are 
bound to attain a rank more consequential 
in effect upon the ultimate price. It is 
ex en now very generally conceded that the 
“day of cheap coal is over.” While inte
grated mining would add slightly to the 
average ton-cost of coal at the mine, the 
effect would be to relieve the further upward 
tendency from the acute increase which 
present conditions will inevitably create.. 
The result, in line, will be to prolong to the 
utmost the period of cheap coal.

The advantages of integration in coal 
production are well known in other countries. 
The thin seams of the eastern coal fields of 

*This shortage, indeed, has been so great as to extend into 
i ndustry also.

Canada can be worked only under a co
operative system, as pointed out by the 
Canadian Department of Mines. Belgian 
mining law imposes the obligation of co
operative measures upon the coal-mining 
concessionaire. Co-operatix-e coal marketing 
has been successfully practiced in many 
parts of the world, notably in Germany and 
in the Transvaal.

In short, coal as a resource demands 
co-operative measures of development. This 
is true of coal in peculiar degree and holds 
equally for no other resource. The reason is 
twofold. In the first place, coal deposits 
do not lend themselves, as do many other 
types of mineral deposits, to a graded extrac
tion of values according to the strength of 
economic demand. In the second place, 
coal as the major source of power is the 
basis of modern life, and as such imposes 
upon organized society a direct responsibility 
to insure its most effective disposition.

UTILIZATION

Coal as now used fulfills three distinct 
and unrelated functions. It furnishes in
dustrial power, material for the manufacture 
of coal products, and domestic heat. About 
two thirds of the coal consumed in the United 
States goes into the production of power 
which is divided almost equally between 
the industries and the transportation systems; 
about one sixth is used as a raw material for 
making substances employed industrially, 
such as metallurgical coke, upon which the 
iron industry depends, and gas, nitrogen 
compounds, benzol, tar, and coal-tar products. 
(Ine sixth approximately is employed for 
heating homes and other buildings. It will be 
observed, then, that the combined industrial 

■requirements outweigh the needs of the home 
five to one.

This threefold function of coal involves 
the element of competition, which is latent in 
normal times, but becomes effective in periods 
of stress. War conditions in America have 
lately developed in acute form the inevitable 
consequence of this competitive tendency, a 
shortage of fuel for domestic heating.*  In
dustrial users of coal are strong and pre
ponderant ; they can meet a growing cost by 
passing it on to the consuming public in 
the form of higher prices; and in cases of 
shortage they are normally given precedence 
in distribution. Domestic users of coal, 
on the contrary, are scattered and weak; in 
general they must accept what is left after 
the wants of industry are satisfied. The 
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home, therelore, r. lorced in pnv a price 
developed bv the indu .trial dcmmiil, or el .<•, 
if the price be al t ilici.dl v fixed, Miller 1)1 He 
than its relative share ol the shorlage which 
Ihe expanded demand, ot imhr.trx érente 
This condition is not peculiar to tin- pre rut 
situation, though nr\rr helorc, of rotir.r, 
so gravel)' manifest; it is inherent in our 
present system of fuel utilization, which if 
unehanged ma)' be expected to display a 
repetition during every future period of 
industrial quickening. Moreover, the growth 
of industrialism, by increasing the industrial 
consumption in respect to the domestic, will 
serve to make the danger progressively more 
serious.

The competitive tendency that now obtains 
between the three main uses of coal is not 
justifiable on the basis of the character of 
coal itself. On the contrary, these functions, 
at present antagonistic, are fundamentally 
complementary, and the}' can be made so in 
practice to their common advantage, in 
respect both to yielding cheaper products to 
all interests as well as to imparting a st ill >ilit \- 
and elasticity to the sti]>plx' that will better 
enable it to weather periods of stress. In the 
ideal utilization of coal, the domestic and 
products uses will be completely com
plementary, while the power use will supple
ment the other two. Each will benefit 
from the others, and one cannot be adequately 
developed without the participation of the 
other two. The means whereby this advan
tageous co-operation may be effected are 
feasible and within the reach of an immediate 
start toward realization.

Even with the utmost accomplishment in 
the direction of full, co-ordinated utilization 
of coal, however, there will still remain the 
dominant claim of power generation, involving 
by its size an undue tax upon the transpor
tation facilities of the country. This persist
ing' characteristic of present usage, with all 
its potency for evil consequences, can be 
alleviated through the development of a 
po^er resource more mobile than coal, which 
will relieve the railroads of part of their coal
hauling responsibility. Such a resource is 
at hand in the form of hydroelectric power, 
as yet hardly touched in this country. The 
adequate development of water power would 
not only relieve an unnecessary reliance 
upon our transportation systems, but it

♦Responsible for this is a complicated geological occurrence, 
involving folded strata, depth, water, and association with 
thin seams of slate, as contrasted with the average flat, close- 
to-the-surface beds of bituminous coal.

fLess than one per cent of the bituminous coal of the country 
has been used.

End h»r I h illing

Tlir point ol logical atta<l. iipun fli< < oal 
] >r> >1 >1« ■ ■ 11, llu'il, cent it. in tin- limne. Hr Inn 
lie ; 1 lie greatest wiakiic in tie '.h 'lit 
svstem of coal nt ilizat phi. Il i ■ in He ’imin 
tli.it conditions arc tin- mo t di .l omloit m;' m 
times of stress, that 1 rouble, whether It lie of 
high price or actual shortage. Iia the b ri t 
chance of remedy by indu.trial <-nt< rpri <•

Approaching the coal problem from tie
point of view ol the domestic User, we Imd 
that the homes of the country arc ittsi tent 
upon anthracite, in so far as its u c r. not 
precluded by expense or excessive distam ez 
from the point of production in Pennsylvania. 
Thus the entire northeastern ¡»art ol the 
country is entirely, and contiguous territory 
as far west as St. 1’atil and as lar south as 
Atlanta is partlv, dependent upon what is 
popularlv termed hard coal. As is well 
known, this is due to the twolold tact that 
anthracite is clean, both in handling ami in 
its smokeless combustion, and its heating 
effect is uniform and high.

But anthracite is a luxury. It combines 
refinements of quality with limittitions of 
supplv—the characteristics of every luxury. 
Its cost of production is approximately 
twice, that of bituminous coal f it emanates 
from one region only, a district ol heavy 
freights; it has no capability toward yielding 
bv-products to modify its cost; besides, 
a big fraction of the available supply is already 
exhausted. Its domestic use may be con
tinued as a luxury, but anthracite must be 
dismissed as not equal, or adapted, to the 
task of supplying the American home.

The home, therefore, independently of its 
wishes in the matter, must turn to bituminous 
eoal for its fuel dependency. There is no 
alternative. Already this has happened to a 
1 lartial extent; war conditions have accelerated 
the change; the future demands it more 
completely. The advantages of bituminous 
coal are well known—its relative cheapness, its 
wide distribution, its ample reserves,! the 
possibility of improved utilization. But there 
is one grave objection to the use of bituminous 
eoal—its dirtiness. This is a valid objection. 
Burned in the raw condition, it gives off 
dense, black smoke which dirties the home, 
pollutes the atmosphere, and becomes the 
implacable enemy of civic betterment as 
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well as a menace to the health of the city 
dweller. Such a result cannot be coun
tenanced. It so happens, however, that 
smoke represents the most concentrated value 
in bituminous coal. If we can extract this 
value and use it toward reducing the cost of 
fuel, at the same time making a smokeless 
product for heating use, the sole objection 
will be turned into an advantage, and the 
domestic fuel problem will be solved.

Artificial Anthracite

In 1915, before the price of coal was 
enhanced by war conditions, the average 
value of bituminous coal at the mine was 
$1.13 a ton. By way of contrast, Table I 
shows the latent values contained in this 
quantity of raw coal, giving the figures in 
round numbers and basing the calculations 
on prices prevailing in 1915. 

sequently, under the stress of geological 
evolution, lost its volatile portions, forced 
out by the action of pressure and heat. It is 
merely a matter of accomplishing a similar 
result by artificial means, but with the 
important advantage that while nature 
dissipated the volatile constituents and pro
duced only one end product, man could 
catch these values and turn them to his 
advantage. There are no insuperable dif
ficulties in the way of such an accomplishment. 
Several processes capable of this attainment 
are already in course of development, although 
comparatively little organized research has 
been directed to the problem. An intensive 
attack, such as the importance of the matter 
deserves, would unquestionably yield an 
entirely satisfactory procedure. The problem, 
in reality, is rather one of economics than of 
technology. When the need of artificial

TABLE I
BALANCE SHEET SHOWING CONTRAST BETWEEN VALUE OF ONE TON OF BITUMINOUS 

COAL AT MINE AND VALUE OF PRODUCTS WHICH IT CONTAINS, BASED ON 
CONDITIONS PREVAILING IN 1915. THE CONTRAST IS GREATER TO DAY

Value 
at 

mine, 
1915.

Quantity

Value 
at point 
of pro

duction, 
1915

1 ton 2000 pounds) bituminous coal 
contains.....................................................

1500 pounds smokeless fuel....................
10,000 cubic feet gas, at 90 cents per 1000.
22 lb. ammonium sulphate, at 2.8 

cents ..........................................................
2U gallons benzol, at 30 cents..................

.9 gallons tar, at 2.6 cents............................

*«5.00 
f9.00

0.61 
JO.75 
10.23

Total..................... . . §$1.13 ................................................................................ $15.59

^Figure based upon approximate selling price of anthracite.
tFigure based upon average price of city gas.
♦These figures would be much higher if an adequate coal products industry were in existence.
§ This figure shows clearly that lowering the cost of production cannot be expected to lower the price of coal. Even if the cost of 

production were eliminated, the price of coal would merely be a dollar less.

Obviously, there should be a way for the 
home to get its fuel more cheaply than it has, 
when a ton of coal worth $1 at the mine con
tains about $14 worth of commodities useful 
to society.

One answer to how these values may be 
got in full from coal lies in the development of 
artificial anthracite. The accomplishment 
depends merelj- upon the establishment of a 
process which will isolate the solid fuel portion 
of bituminous coal in the form of a substance 
equivalent to anthracite, and produce from 
the remainder a number of products whose 
value could be made to more than carry the 
expense of the operation. Nature has pointed 
the way with natural anthracite, which was 
originally bituminous coal, but has sub

anthracite is generally appreciated, a suitable 
process for its manufacture will be forth
coming.

Granted the necessity for a smokeless fuel 
other than anthracite and recognizing that 
it is chemically feasible to make such a product 
from bituminous coal, we may examine the 
existing economic practice that bears on this 
matter, with a view to ascertaining at what 
place, if any, a process as outlined may be 
introduced and placed on a working com
mercial basis.

The Coke Industry

We naturally turn first to the coke industry, 
for here the greatest progress in coal utiliza
tion has been attained, and besides coke has 
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already Ihvii u-.cd Io a limited cxtvnl lor 
domestic heating. The coke imlm.tiv con
sumes nearly one m\Hi of our bitumimm . 
coal, and has as its iimm-iliatc purpose the 
production ol coke, a 'ubstance ir<u 1 bv 
the iron industry, which absorbs most, of the 
output .*

Coke is imide by healing certain classes of 
bituminous coal at high temperatures, with 
the production of a hard, porous residue, 
composed essentially of carbon. Two 
methods of manufacture are in general 
commercial use. (Ine employs beehive ovens, 
so called from the shape of early types; the 
other makes use of retort ovens, which are 
usually long and narrow mid assembled in 
batteries. 'The latter are also appropriately 
termed by-product ovens.

The beehive oven delivers a product well 
suited to metallurgical use, but. the process is 
objectionable because of the waste involved. 
It not only fails to yield the maximum of 
coke, but it effects no recovery of other 
valuable constituents. The products lost 
represent a measurable waste in terms of 
dollars, but they carry greater significance as 
being the raw materials upon which could 
be built an adequate manufacture of fertili
zers, dyes, drugs, and explosives.

The by-product oven receives raw bitumi
nous coal and subjects it. to destructive 
distillation. This process consumes none of 
the coal, but breaks it up into five com
ponents—coke, gas, ammonia, benzol, and 
tar—of which coke is the main product, 
while the other four are called by-products. 
About half of the gas produced is used to 
supply the heat essential to the operation; 
the by-products are partly or wholly recovered 
according to the details of the practice. 
Where the by-products are wholly recovered, 
no part of the coal is wasted. In round 
numbers, one ton of bituminous coal yields 
1440 lb. of coke, 10,1)00 cubic feet of gas, 22 
lb. of ammonium sulphate, two and one half 
gallons of crude benzol, and nine gallons of 
tar. Half of the gas is available for use as 
fuel or in lighting; the ammonium sulphate is 
a valuable fertilizer; benzol is an excellent 
motor fuel, a substitute for gasolene; tar is a 
waterproofing material used for making roof
ing and for dressing roads.

These four first-products have an unlimited 
field of usefulness as such. In addition, three 
of them represent raw materials upon which

*From one to one and three quarter tons of coke go into the 
production of one ton of iron, so that the coke industry is 
essential to the iron industry. Coke also enters into a number 
of other metallurgical processes.

impi>rt mil In Id . ol pi i- • ■ i • Ju ■ r <
I II'] ll lll Il-Ill .Hid llpull Illi 11 ' I ,1 Hl '

iipplied, new indii li i.d ,i< f i- if ii o' l.ir 
icmliiiig । -(mn-qin-iii e. um b> u u.q | ,i 
mnmomn, leiovered a in h. m u id >n 
Ilie Ioiiii of ammonium 111]ilu11• ■. loin f|i 
ba- i- ol iiuitliTTi rdrig< rat ii>11 .-ui«! i n । 4 'or 
making cxplo ivc and elieniiea] Ii> n/-.’ i 
mixture of sul >st aneeim lmhir, tin ib.id 
toluol, which can be made In x n-bl e.-..],b> । ■ , 
• lyes, drugs, medicine'. ol\ini . photo
graphic developers, and other i-lii-inn al 
Tar, likewise, \ield- a ten per cent Irtuimn 
which ma'.' be turned into expIo iv< . di - 
infeetants, dies, drugs, and other product 
Benzol and lar, in short, arc the Basi of 
the coal-tar industry, inadequately developed 
as yet in America an industry wlii<h 
Germany has intensively cultivated to an 
advantage now well known.

The by-product oven is complicated ami 
costly to install ami to operate Like t he 
beehive oven, its prime purpose is to deliver 
coke, but it can compete with the beehive 
only when the by-products can be disposed 
of with sufficient advantage to cover the 
greater expense of the by-product practice 
and contribute a margin of incentive.

The reasons tor the Rigging growth of b' - 
product coking in America are clear and 
specific. There has not been a sufficient 
demand for all five of the products, due to 
inadequate industrial utilization of gas and 
the practical lack of a coal tar industrv. < )ur 
economic adjustment gave a stable demand 
for only two of the products, coke and 
ammonia.

The consequences of inadequate coal 
products development in the l’nited .-states 
have been serious, in some respects critical. 
Here falls entire responsibility for recent 
shortages in explosives of certain types, as 
well as in dyestuffs, and a variety of drugs 
and chemicals; partial responsibility for the 
high cost and inadequate supply of nitrogen 
compounds and gasolene; and even a little 
of the blame for the transportation congestion 
of 1917 -191s, which industrial coal-gas utili
zation could have alleviated in some measure. 
These considerations are apart from wasted 
materials and wasted opportunities. The 
coal products situation, indeed, represents one 
of the most complex, subtle, and important 
problems in the whole field of industry 
today; and this is true not only in respect to 
present conditions, but also as regards the 
trend of future industrial growth to a degree 
difficult of full appreciation. The failure of 
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Great Britain to sense its importance before 
the outbreak of the European war came 
desperately near causing her defeat during 
the first few months of hostilities through a 
lack of toluol; the situation was saved only 
by the happy chance that the British gas 
industry was developed with by-product 
recovery, and l3 straining met the emergency. 
A similar failure on the part of the United 
States is responsible for some of our recent 
embarrassments. A failure to remedy the 
situation will place this country at an un
fortunate disadvantage in the future. It 
seems remarkable that a single, partly 
developed unit of industry can have such a 
vital and far-reaching bearing on the well
being of the entire nation, but such is un
equivocally true of coal products. That fact 
cannot be expressed too plainly or in terms 
too strong.

Having examined the coke industry and 
observed its main purpose, the production 
of metallurgical coke, and the incidental 
recovery of by-products on the part of nearly 
half of the activity, we may ask if this 
industry cannot extend ‘ its scope so as to 
produce a surplus of coke which may be 
applied to fuel use. The answer is in the 
negative. Coke, being designed for another 
purpose, is not a satisfactory fuel. While 
smokeless in combustion, its cellular structure 
gives it an intensity of combustion and 
susceptibility to chill that renders its control 
troublesome. Even a radical change in 
furnace design cannot be expected to over
come this difficulty. Moreover, the coke 
industry is centralized, subject to marked 
fluctuations according to the demand for iron, 
and has not yet succeeded in modernizing 
more than half of its practice. Besides, its 
by-product manufacture is complicated and 
costly. Metallurgical coke, then, must be 
dismissed as an impracticable general-service 
fuel. The by-product coking practice, how
ever, illustrates the principle of full coal-value 
utilization and therefore points the way 
towards progress in respect to fuel coal. 
Modified by-product plants, simpler than 
by-product coke ovens, producing a non
cellular carbonized residue and located near 
the points of utilization, represent the lesson 
to be drawn from the coke industry.

The Gas Industry

We may turn next to the gas industry to 
ascertain if this activity is capable of adapta-

♦There are over 900 artificial-gas plants in the United States 
exclusive of by-product coke ovens. 

lion so as to contribute an adequate smokeless 
fuel for domestic and power consumption. 
This industry consists of a great number of 
separate plants, distributed, one or more 
each, among the cities of the country.* In 
the aggregate these plants consume about 
one per cent of the annual coal production 
of the country. Their prime purpose is to 
manufacture gas, and this they do without 
adequate regard to the complete recovery of 
by-products, although many plants effect a 
partial recovery of ammonia and tar, and 
.some gas-house coke is put upon the market. 
Apart from the oil gas plants on the Pacific 
coast, in which petroleum is used because of 
its relative cheapness in that region, the gas 
industry of the country employs coal as its 
raw material.

Three types of gas made from coal are in 
general use -coal gas, carbureted water gas, 
and mixed gas: Coal gas is distilled from 
bituminous coal by heating the latter in 
retorts. Carbureted water gas is produced 
as a result of the action of steam upon coke or 
anthracite, the nonilluminating water gas 
thus produced being then “carbureted,” or 
enriched, by the addition of a gas of high 
thermal and illuminating power made from 
oil. Mixed gas is a mixture of coal gas and 
carbureted water gas and is supplied in 
many cities in the United States, the coke 
from the coal gas production furnishing the 
basis of the water gas manufacture.

Although the municipal gas plant now meets 
rather inadequately only a small share of the 
fuel needs of the community which it serves, 
it represents an established activity which 
can be converted into an organization that 
will supply all the fuel, whether gaseous or 
solid, that the community consumes. The 
transformation may retain the gas mains 
and much of the other equipment of the 
present type of plant, but in the place of 
the present procedure with relative neglect of 
by-product recovery will be substituted a 
by-product system of coal distillation, produc- ■ 
ing artificial anthracite, gas, ammonia, benzol, 
and tar. This will mean in each city a 
centralized purchase and consumption of raw 
coal, and a centralized distribution of prod
ucts. The output will be limited at first, 
at least, by the demand for solid fuel. A 
production of ample solid fuel will give an 
excess of gas over that now produced, which 
will call for an expansion in the. use of gas 
both in the home and in industry. Such ex
pansion will come as a result of cheaper gas, 
incidental to the proposed plan of production, 
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together with iIIIp I oX c 1111 ■ 111 ill lllcllind "1 
utilization; ami thr. wn c\p.urioii will itii 
down tlic Ilse ul solid Ind .iihI llu iebx li.i Icn 
tile adjustment. The llurr ri-niamnr.1 hr l- 
|>t'i ><hids, ammonia, ben ol, and I ar. a . all < ad \ 
pointed out, have an unlimited lidd ol n c 
fulness as sudi, ex cn within I hr inmiii ipalit \ . * 
and by shipment will coin l iliiiic a -tipplx of 
raw material to I he need . oi l he coal | m hIucI . 
industry, thus permittinc. and inducing this 
important field of eiidcaxor to advance 
beyond the limits now imposed upon it by 1 he 
coke industry.

The objection may be advanced that 
artificial anthracite has mil been perfected 
and placed on a commercial basis, and until 
such time the utilization as outlined above 
must wait. It is indeed true that such a 
process is not worked out in detail and ready 
to be fitted into the present gas industry, but 
a similar condition has been a stage in the 
development of practically every teehnoh igical 
proccs« and the recognition of the demand has 
created the means for its accomplishment. 
But even granting the objection as valid, 
we find that the production of artificial 
anthracite, is only one of two solutions to 
the problem of developing an adequate 
smokeless fuel from bituminous coal. The 
prime idea is to separate the heat- or energy
producing portion of the coal from the 
constituents valuable as commodities, and 
dispose of the two groups to their mutual 
advantage. Hence if we convert the energy 
component entirely into gas and recover the 
by-products, we may accomplish our purpose 
without calling into service a single procedure 
which is not already in successful practice 
in other fields of industry. The municipal 
gas plant affords, in the second instance also, 
the locigal point of attachment for the 
development. Only, in this event, in the 
place of artificial anthracite and gas, plus 
ammonia, benzol, and tar, the output would 
be gas entirely, with a similar production of 
ammonia, benzol, and tar.

The twofold possibility of advance in coal 
utilization bring.-' up the relative advantage 
of a solid, smokeless fuel versus a gaseous 
fuel. Their applicability for domestic use 
may be examined first. Solid fuel, such as 
artificial anthracite, requires no change in 
present types of furnaces and grates; is 
applicable to suburban and outlying districts

’Ammonia as a fertilizer, benzol as a motor fuel, and tar as a 
road dressing.

tit is strictly speaking modified or «emi water gas, lower in 
calorific value than water gas proper which is made by gasifying 
coke or anthracite under the action of steam.
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The suece-"lul instigation and npi r c a ■ 
cither nl the two plans propo'id will d< ■- • I 
upon public initial ive and timulu N'-.’i.'r 
plan max’ be expected to come into ai :<m 
under the influence of private imhi ’rial 
enterprise; a privati’ organization would ha’, e 
m> means of getting adequate return- np<m 
the development expenditure since the benefits 
contemplated would accrue alike to all in
dustrial activities as well as to the public. 
The first move, therefore, devolves upon the 
public; or at least, upon organizations repre- 
sentatixe of the public interest. The accom
plishment. however, will call for a more 
effective administration of public utilities 
lhan has obtained in American cities in tlie- 
past, ami this will come only after full public 
realization that technical affairs mmt be 
directed by technical knowledge.

Technical Advances in Coal Utilization in Europe

In Europe. with the necessity for economies 
in fuel consumption. far greater advances in 
the utilization of coal have been attained 
than in the United States. And these 
advances, it may be observed, are such as to 
lend the encouragement of successful 
experience to the changes in coal utilization 
demanded by the needs of our own situation. 
The status of the British gas industry has 
already been adx’erted to as higher than that 
of the corresponding activity in the United 
States; while the by-product coking of coal, 
as is well known, has been carried further 
in Germany than elsewhere, resulting in the 
strong position attained by that country 
in the manufacture of dyestuffs, chen icals, 
and explosives. Noteworthy pr- .gress abroad 
centers also around the development and use 
of producer gas, the briquetting if low-grade 
coals, and to a limited degree around the 
manufacture of domestic "coke.”

Producer gas is the result of the con plete 
gasification of coal under the action of a 
mixture of air and steam.f Both high-grade 
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and low-grade coals may be employed in its 
manufacture and the gas may be produced 
with or without the recovery of the by
products, ammonia, benzol, and tar. Most 
of the foreign by-products producer plants, 
however, at least before the war, made 
adequate recovery of the ammonia only. 
Producer gas is suitable not only tor large 
service stations, but also for small industrial 
plants and even for marine engines and 
locomotives. The manufacture of producer 
gas from coke, peat, lignite, and high-asli 
mine refuse has become so thoroughly 
established on the continent as to be a 
commonplace procedure. The widespread 
use abroad of the producer gas principle 
has brought into competition with high-grade 
coals, used as such, the low-grade coals and 
coal-like substances needed to supplement a 
limited fuel supply.

The briquet ling of low-grade lignitic coals 
and coal slack has been successfully practiced 
in Germany and other European countries 
for over 30 years, thus, together with the 
results attained by producer gas, bringing 
into service types of coal largely unused in 
the United States. A number of special 
forms of fuel coke, approximating artificial 
anthracite, have met with some measure of 
success, especially in England, where they 
are sold under the trade names of coalite, 
chareo, coalexid, and others.

As a war measure, the belligerent countries 
of Europe have been forced to take radical 
steps in order to insure an advantageous use 
of their coal resources. The French and 
Italian governments have assumed complete 
control of distribution. In May, 1917, the 
Russian provisional government took over 
the coal mines of that country for the purpose 
of controlling distribution and prices. Early 
in the war, Germany centralized the entire 
coal industry under government control and 
a recent report states that the use of raw 
coal has been forbidden. In England, the 
coal mines are under full government 
authority and in addition a board of fuel 
research has been established which is 
recognizing both the economic and tech
nological sides of the problem of bettering 
the service obtained from coal. The steps 
taken by the United States are well known. 
The Possibilties of American Low-grade Coals

In view of the advances in the utilization 
of low-grade coals abroad, we are led to 
inquire as to the potentialities of similar coals 
in the United States, which have heretofore 
not been called into action because of the 

prevalence of more desirable grades. Low- 
rank coals are very abundant in this country 
as shown by the United States Geological 
Sun ey, whose results are summarized and 
expressed in round numbers on a per capita 
basis in Table II.

TABLE II
COAL RESERVES OF THE UNITED STATES 

CALCULATED TO A PER CAPITA BASIS*

Anthracite.......................................
Bituminous coal . . .
Lignitic coalsf........................... .’.

Now 
Under
ground

Tons
1’90 

15,000 
20,000

Mined 
to date

Tons
2S
92

♦The calculations are made by the writers from data presented 
by Marius R. Campbell, The Coal Fields of the United States, 
General Introduction, Prof. Paper 100-A, U. S. Geological 
Survey, 1917. The figures are given in round numbers based on 
a population of 100,000,000.

flncludes subbituminous coal, which is between lignite and 
bituminous coal in quality.

tPracticallj untouched.

The deficiency of anthracite and the mag
nitude of lignitic coals are at once apparent. 
It has already been shown how the undue 
dependency on the small and waning 
anthracite reserve may be relieved by a 
suitable by-product utilization of bituminous 
coal. The further application of the same 
principle would likewise lend significance to 
our lignitic coals, tending to raise their value 
from little or nothing to a point justifying 
their adoption in the place of higher rank 
coals in those regions, at least, in which 
lignites alone occur.

Considerable experimental work in this 
country has already been directed toward 
making lignites effective sources of heat and 
power. Because of their high moisture con
tent and tendency to “slack,” these coals are 
not suitable for transportation like ordinary 
coal. Efforts toward burning them in pow
dered form, with the effect of gaseous fuel, or 
of compressing them into briquets have met 
with some success, but their greatest possibili
ties are afforded through complete gasification 
in gas producers, or by carbonization with 
by-product recovery. The Bureau of Mines 
has demonstrated in respect to the last 
that one ton of air-dried lignite may be made 
to yield S000 to 10,000 cubic feet of gas, 17 
lb. of ammonium sulphate, one gallon of 
oil, 50 lb. of tar, and one half to two thirds 
ton of carbon residue convertible into briquets 
approaching the value of anthracite. Thus 
may even coals lowest in rank be raised 
to meet the social needs for smokeless fuel 
and economy.
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SUMMARY
('i>al is a iTmiirrr iiqin ilc In Ilir lum'luui 

ing of cmtv nllio re <>iiiv<' The Ihhiic. 
imhist IV, I'l'lllimici' air ru1irel\ i|i|ii ml 
ent n ] >i >n its m lei ¡ii.ir \ < < >. 11 i 1 H < • b.i i
of organized file Other raw in.iliri.il arc 
merely parts <>f the .miai hilnic imi.lcnt.il 
to it ; iron, tor example, .h >e m >1 ci mic lu 11 ic 
consumer as such; but coal is u mifi >rl and 
energy as well as a comnuKliix t<> be manu
factured. Coal, therefore, tn its far-reaching 
consequences, has assumed a rcsp> m-ibilit x 
equalled by no other substance.

Under present conditions, coal fails to 
measure up to that responsibility. I' is 
wastefully mined, wastefullv distributed, and 
wastefully utilized. 11 is wastefully mined 
because of the conditions of competition 
which society imposes upon its exploitation; 
it is wasteiully distributed as a result of the 
unnecessary transportation in regions supplied 
with water imwer or with coals less desirable 
than those consumed; it is wastefully used 
due to the lack of by-product recover}’ as an 
accepted economic practice.

The wastes in mining mar be decreased 
through integrated operations, which will ob
viate the economic necessity for waste. Goal 
submits itself to integration as a public utility.

The wastes in distribution may be reduced 
through the development of hydroelectric 
power, thus relieving coal of unnecessary 
duties, and by improvements in utilization, 
thus destroying the over-dependence upon 
high-grade coals which now necessitates 
undue haulage.

The wastes in utilization may be done 
away with by establishing a method of 
separating the energy-producing constituents 
of coal from the commodity values and using 
the products to their common advantage. 
The most logical ¡joint of attack is the 
municipality, to which may be attached a 
public utility plant converting raw coal 
into smokeless fuel—artificial anthracite plus 
gas, or gas alone—and valuable by-products, 
ammonia, benzol, and tar. Such a plant 
would supply the fuel needs of the community 
and ship the surplus by-products to serve as 
raw material for a coal products industry, 
developed thereby to proportions consistent 
with its importance to social progress.

Integrated mining will lessen the increased 
costs that will come with the impending extrac
tion of thick-seam and easily obtainable coals.

Reduced coal transportation will remove 
an unnecessary burden from the railways 
and prevent the repetition of the congestion

■ 11 th. ii 111,
<>l I'll, | !l|S

11 । ii । ii Im I ii' 111 oí11' ii। 
lllil 11111 ili;•11 11ii■ .ii I ■ .i i '. । ■

I ir al 1 aimd; Hie )>r> u idun- ten .up ■, ’ ,i- 
workcil out in detail. It pmiiu e. ho'.'. । a r. 
has been to pre ent a line <it an :u 1:. ।Ira'.', n up 
on the ba - is । it the eharaet er ami ex’ । nt । .1 'he 
resource, which ma\ be lolloUid tn pi-illic 
advantage. There are no erirnt icilimal 
obstacles in the wav; the chief ni|m ite tur 
progress is a popular apprci ial v m nl Hie 
fact that coal contains greater value than 
societv is getting from it. From thi- realiza
tion will spring a public demand that >ei< mitic 
and technical knowledge be u.-ed. not merely 
in making improvements in the details of 
present practice but in revising that practice 
itself and shaping a policy of administration 
more in keeping with what is known to be the 
potentiality of coal. " Mankind,” writes John 
Dewey, "so far has been ruled by things and 
by words, not by thought * * * ¡i cVer 
we are to be governed lay intelligence, not by 
things and words, science must have something 
to say about 'what we do and not merely how 
we may do it more easily and economically.”

And, in conclusion, it may be asked what 
are the assets and the liabilities in this business 
of demanding a full accountability from 
coal. Here is the balance sheet:

Ample coal resources.
By-product coke experience.
Municipal gas plant installations.

Liabilities:
Tradition.
Character of the past administration of the 

average public utility.
Character of our past conduct of technical matters.
The assets are large, but the liabilities, it 

must be admitted, have been insistent enough 
to block progress in the past. Whether they 
will continue to overbalance the assets will 
depend upon the course of public opinion. 
It is up to the man in the streets to determine 
which shall prevail. A continuation of the 
present system of coal economics may be 
justified on the basis of indifference to 
progress, but not on the basis of ignorance; its 
unnecessary prolongation should afford, a 
prospect intolerable to the thinking man.

in.iliri.il
imi.lcnt.il
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Some Problems in Shipping
By Chas. AL Ripley

Publication Bureau, General Electric Company

The packing and loading of large apparatus for domestic shipment often presents difficulties owing to 
weight or clearances, and in many cases special cars are necessary. On the other hand, the smaller pieces of 
apparatus, usually need to be only carefully boxed to insure their safe delivery to any point in the country. 
With foreign shipments the problem is entirely different. The shipping department must inform itself of the 
methods of transporta ion that will be encountered on the journey, and of the climatic conditions of the 
country to which the apparatus is shipped. This article points out some of the precautions that are necessary 
to insure the delivery of electrical apparatus in good condition to South Ametican ports, to India, and to the 
frigid zone; and some of the difficulties that have to be overcome in domestic shipments of large apparatus 
are also mentioned.— Editor.

Would it occur to you that electrical 
machinery for the west coast of South 
America would have to be packed differently 
from that for the east coast? Nevertheless, 
experience has shown that entirely different 
arrangements must be made because of the 
undeveloped facilities of many of our southern 
neighbors.

Machines for the west coast must be 
“dismembered” into numerous small pack
ages of comparatively light weight, because 
there are no wharves, piers, or docks worthy 
of mention on the entire west coast. And 
besides, a burro cannot carry up into the 
Andes Mountains a package weighing over 
170 lbs., while a mule’s limit is 350 lbs; so 
that electrical apparatus must be “knocked 
down” before being sent on such a long and 
arduous journey.

Into the Heart of the Andes Mountains

Just think of the preparation necessary to 
insure safe delivery of electrical machinery to 
many parts of South America! Transposition 
is by railroad to New York, by boat to South 
America, and from the boat into canoes. 
These canoes are paddled as close as possible 
to shore, and the boxes or packages of care
fully made electrical machinery are tossed 
into the surf. They are 1 hen dragged 
ashore and trucked to a railroad station, 
and begin a rail journey of from two to four 
days, probably mi an open or flat car, to the 
end of the line near the f< < t of the mountain; 
then for four clays or more in an open boat, 
rain or shine, with Aztec Indians or peons as 
pilots. And then after the river ceases to 
be navigable, the Yankee motors and genera
tors are loaded on the backs of mules lor their 
journey up the narrow winding rocky paths 
of the Andes Mountains. Do you think that 
the Aztec Indian is careful to lower the 
package of precious machinery gently from 
the mule’s back to the ground? Our Indian 
friend is probably as tired as the mule and 
merely loosens the strap, allowing the box 
to fall to the ground, whether it be rocky or 
marshy, whether the sun be shining or the 
rain falling.

To appreciate these difficulties, remember 
that, salt water as well as fresh water has 
been encountered, that the machinery has 
risen from sea level in a tropic land to the 
snow-capped mountains of the Andes, and 
that after arriving at the location of the 
power house it is likely to be left lying on the 
mountain side for months before the engi
neers are ready for it.

But the experts of American industry have 
learned how to pack the machinery to defy 
breakage, rain, and moisture; and they can 
guarantee in advance that the machinery 
will operate without a hitch.

And other problems must be solved, even 
on the better developed parts of the west 
coast of South America. In some places the 
machinery is lowered into lighters to be 
taken ashore. In spite of its name, the 
Pacific ()cean has many a rough sea, and you 
may picture a load of several tons of genera
tors or motors being lowered from the'vessel 
to the lighter, the lighter coming up on the

Typical Packing Case for Export Shipment. Note banding iron, 
breathing holes protected with wire netting to exclude mice, 

“Haut Top Arriba” and arrows to indicate top of box, 
and notched lower comers to accommodate slings

crest of a wave with practically irresistible 
force. The size and weight of packages must 
be so limited that the men handling the 
derricks are able to safely land the machinery 
in the lighter, and not permit it to go crashing 
through the bottom into the sea.
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Hindu Tnmpoihihuti

In India crude I iu< k . drawn I >v i>xm ian ■■ 
loads as heavy an I lure I" 1ix <• tons, and the 
elephant can haul ten tons In a ivcml 
installation ol Yankee inaclnticrv tn India, 
one year was required to earn the apparaiu 
250 miles into the interior lq elephants. ,\ 
curious sight was witnessed when the Hindu 
organized committees of welcome, with band 
of native musical instruments, to meet the 
Yankee engineers; for the story had been 
spread that the Americans were to introduce 
that weird God of lightning which would 
lighten labor and pierce the night of their

an* I t he g la initiator

tin this 2511 mile journey to the lliinalata 
Mountains in India, it wa . found that n anv 
of the bridges had to be rebuilt in order to 
carry 11k- heavy load', the equal ol wlm h had 
never before passed so deep into Ilie heart 
of I he country

The Detroit 45,000-kv-a. Steam Turbine Generator Required Fifteen Freight Cars for its Shipment. This shows the lower half 
of the exhaust on one freight car. Note bracing for distributing load

wilderness country in the Himalaya Moun
tains.

The Termite
In India, just as in South America, the 

jarring of loading and unloading must be 
guarded against; but besides this there is in 
India a different enemy of electrical machinery 
who is most formidable, although he is only 
three quarters of an inch long from stem to 
stern. This enemy is the dreaded termite.

If a box of machinery were left overnight 
unprotected on a truck, the next morning 
there would probably be nothing remaining of 
the entire shipment but the bare metal. 
The termite is an insect which feeds chiefly 
on wood and does not leave even as much as 
sawdust after he has completed his meal. 
On one occasion a row of telegraph poles was

Cold Climate
Now let us turn from the elephant of 

India to the dog sleds of Alaska—at almost 
opposite ends of the earth. Electricity is 
needed in the frigid zones as well as in the 
torrid zones, and the dog of the Eskimo 
is the accepted means of transportation in 
these northern latitudes. < fne thousand 
pounds is the limit in weight of each package 
in order that it may be effectively handled 
by a standard dog train. So well does the 
shipping expert comprehend the peculiar 
local conditions that sj ecial horns are 
provided on each package to assist the 
Eskimos in lashing the packages to the sleds. 
Thus the men of the shipping department 
must understand the customs and environ
ment of the Hindus in the Himalaya Moun
tains. the Indians in the Andes Mountains, 
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and the Eskimos in the Yukon District of 
Alaska.

Large Apparatus
That the development of the art of shipping 

has kept abreast of the development of 
the electrical industry itself is very well 
shown by the following instances.

When the- first great turbine was built in 
Schenectady, in 1902, to be shipped to 
Chicago, it caused great perturbation in the 
shipping department. Two railroad cars 
were broken in attempting to load one of 
the eases; the railroad company deliberated 

depth reaching down to within a few inches 
of the rail, and otherwise adapted for the 
peculiar variation in size, shape, and weight 
of modern electrical machinery.

The art of fastening these large pieces of 
machinery to a freight car has been developed 
to a high degree of perfection. In a recent 
wreck on a western railroad the car containing 
General Electric apparatus was upset; but 
when the ■wreck was cleared, it was found 
that the platform of the car and the apparatus 
were still integral, the platform having left 
the trucks but remaining fixed immovable to 
the apparatus.

Special Freight Car for General Electric Company. Note the small clearance between the bottom and the rail. Tbis is 
necessary in order that large machines can be shipped as nearly completely assembled as possible, and yet pass 

under ail low bridges and through all tunnels

for a week before it could decide whether it 
could transport the turbine to Chicago, and 
a special train requiring an extra expense of 
S1000 in addition to the regular freight 
charges was necessary to get this piece of 
apparatus to its destination.

Now we are shipping turbines of 50,000- 
kw. capacity—over 60,000 h.p.—instead of 
merely 5000 kw. as a maximum. The 
shipping experts say that today when a 
turbine of only 5000 kw. is to be shipped, 
it is no more of a job than putting it under 
the arm and carrying it away, figuratively 
speaking. A 5000-kw. turbine is nowadays 
only a market basket load. The real interest
ing problems in shipping arrive in connection 
with the giants of 50,000 kw.

Special Cars
The Company has arranged for special 

cars of unusual strength, with increased

Some Interesting Figures
Think of making boxes by electricity, and 

of driving nails by electricity—that is the 
way they do things in the Shipping Depart
ment. Every day they use one and one half 
tons of nails at the Schenectady Works.

To the layman the fact that 13} J million 
feet of lumber is used every year does not 
seem very surprising—few of us remember 
that a foot of lumber is one foot square and 
one inch thick; but this amount of wood in 
boards one inch thick would cover a ranch 
of Bill) acres. Then there is the banding iron 
which strengt hens the boxes; the Shipping De
partment in Schenectady alone using 690 miles 
every year. Twenty million sq. ft. of wrapping 
paper, waterproof paper, and rubber-covered 
lining was also required for a year’s work.

This Department at the Schenectady Works 
occupies 350,000 feet of floor space distributed 
over 15 buildings, and employs 693 persons.
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Olhei Problems

Here are some iiitereslmg examples ol 
overcoming seeming impossibilities. When 
the large generators |<>r the Metropolitan 
Street Railway were to be shipped to New 
York ('itx', it was found that I lie loaded car 
would be one and one half inches too high to 
clear the bridges. It was therefore necessary 
to give the springs of the railroad ears a 
special compression at the factor)- in order to 
permit the ears to get through. 'Phis heroic 
method overcame the contention that “It 
can’t be done.”

And there are many wonderful stories to 
be told of single turbines that require 15 
separate ears for shipping; of special cars 
carrying from 50 to 70 tons each; and of 
how the. apparatus has been so nicely poised 
and balanced on the car that clearance 
between the sides of the tunnels or bottom 
of the bridges has been figured out to one 
half inch. In such nice calculations as these 
it has been necessary to abandon the use of 
wood for boxing, substituting sheet metal 
to obtain a covering thin enough to avoid 
crashing into bridges or scraping the sides 
of tunnels in the Rocky Mountains, as either 
occurrence would probably wreck the entire 
train.

hen some of the big water turbines 
were to be sent to a power plant in the Rocky 
Mountains, there was a man in Schenectady 
who knew of a weak bridge in Minnesota, 
a low bridge in Montana, and a narrow 
tunnel in Idaho, and he knew just what 
the limitations were, and which railroad 
would be best for the shipment. Some 
apparatus for New England is shipped by 
way of Scranton, and taken by water to its 
final destination, because the railroad facili
ties of New England are inadequate for such 
shipments.

But the problems of the American railways 
are not the only ones which must be solved. 
The French bridges and tunnels have smaller 
capacities than ours. Therefore, when large 
shipments of electrical machinery go to 
France or South America (for the conditions 
are the same) the usual method of packing, 
skidding, etc., must be altered.

An interesting example is the case of the 
steam turbine generators that were sent to 
the Tuileries in France. They were packed 
one way for shipment from Schenectady to 
New York; a different way for the boat trip 
from New York to Bordeaux; and a third 
way for the rail trip from Bordeaux to the 
Tuileries. If they had been shipped by boat,

m llii- amc pm Lap l hm ' h< bit
I ml \ , t lie cul iii- il । mil i n I and h' m • 1
ping diaigr would i-a 1I-. Ii.r < 1h.hu. J

Boxing for Export Shipment of a Marine Generating Set. 
Note how wire netting is attached for preventing 

mice entering through the breathing holes

The bumping and rolling of a railroad train 
has been found to loosen the struts and 
braces unless the work is well done, and 
occasions have been known where the trains 
have been wrecked, bridges damaged, and 
tunnels jammed with a tangle of machinery, 
locomotives, and freight because a ¡-acker 
did not know his business.

One of the means of preventing shifting 
of the load on a railroad car is to load the car 
uniformly, not only longitudinally but 
laterally. The struts and braces are placed 
with great skill so as to prex-ent a concentra
tion of the load at the end, the center, or on 
either side of the car.

Experience lias shown, particularly in 
export shipment, that cautions reading 
RIGHT SIDE UP, HANDLE WITH CARE, 
FRAGILE, and even GLASS are not re
spected. Efforts to keep machinery in an 
upright position throughout an entire voyage 
are shown in the photographs. Large black 
arrows are painted on all four sides of the 
box with the word TOP placed permanently 
near the head of the arrow as well as the 
French word HAUT, and the Spanish word 
ARRIBA. But if you were a Hindu unloading 
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an elephant it is quite doubtful if you would 
exert yourself to let this package down 
gently, right side up on the barren wastes of 
India, or during a tropical storm in South 
America or China.

Baffling the Weather Man
Expert packers hav e no difficulty in 

protecting machinery from rain and snow, 
wind and heat, or from the mist on the sea. 
This is as easy as for an ordinary citizen 
to wear a mackintosh or carry an umbrella. 
But. the real deep study has been to overcome 
the’accumulation of moisture on the machin
ery due to humidity, especially the humidity 
of foreign countries.

Various experiments were tried to overcome 
this trouble. Special kinds of cloth and 
special coatings of tar were used, - and in 
some cases an entire metal box of zinc or 
lead was constructed and apparently hermet
ically sealed up. But these all failed of 
their purpose. In'one instance a motor 
was totally enclosed in a zinc tank and sol
dered tight. Two years later it was opened 
and there were three quarts of water in the 
bottom of the tank. Apparently, due to 
jarring and vibration, some little crack or 
pinhole had opened up and the box had 
begun to “breathe.” The dampness would 
condense against the cold machinery, and 
then in the daytime when the temperature

Upper Half of Exhaust Covering of the Detroit 45,000-kv-a. Steam Turbine. Note bracing for steadying and
distributing the load

The rain and snow is excluded by tar- 
coated building paper strengthened by mos
quito netting. This light filmy mosquito 
netting is quite useful in adding strength 
to the tar paper and serves the purpose 
admirably.

The Fight Against Rust
For packages that go to foreign countries 

an additional covering of what is known as 
carriage cloth is used underneath the covering 
of tar paper. This carriage cloth is wrapped 
around the machinery itself, and is held 
tight by strings and ropes so that no matter 
what position the machinery may be in it is 
well protected.

For many years the shipments of American 
machinery’ were damaged by rust, although 
they were perfectly protected from rain and 
storm. This rust, evidently’ was produced 
by the moisture in the air, i.e., the humidity. 

rose the box would breathe out dry air. 
Thus with the rising and the setting of the 
sun moisture was carried into the box, which 
was thought to be hemetically sealed.

The shipping men were baffled—they’ gave 
up the problem as hopeless. Someone 
thought of consulting Dr. Steinmetz, the 
chief consulting engineer of the General 
Electric Company. And here is shown the 
advantage of a complete organization where 
the experts in different lines can exchange 
information for the benefit of the several 
departments.

Dr. Steinmetz advised that, the boxes be 
made open instead of closed, and that 
breathing holes be provided to keep the 
temperature inside the box practically the 
same as the temperature outside the box. 
The. Shipping Department conducted many 
experiments and eventually a method was 
developed which solved the problem. The 
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had taken adxantage "I the breallmig hole 
in the IHixes, an.l had < . i . ..it tin- in illation 
I rum some ol the e< i; >j .er ven So | n .m that 
lime on a wire screen or ihiihw w.e, tanked 
on the inside of each hole

The breathing hole- arc not made too 
close to the top, bottom, or sides, tor fear 
water n ight wash into them. To provide 
against the possibilities of these boxes being 
laid over on one side, thus bringing the 
holes on the top, a funnel-shaped shield is 
tacked on the inside of the box around the 
hole, and this shield or funnel traps the 
water and diverts it down the side of the box, 
away from the machinery.

Shipping experts in Schenectady who have 
had unequaled opportunity to study these 
questions say that shipments of General 
Electric apparatus which may now be lying 
at the port of Vladivostoek in Russia tire as 
free from rust and other damage due to the 
elements as though they had been standing 
in the shops of the General Electric Company.

The method just described is for large 
pieces of apparatus. For the smaller delicate 
apparatus, such an instruments, which arc 
liable to damage from moisture in very 
minute quantities, a pitch-covered canvas 
is used inside the box, and not a complaint 
has been received from any quarter of the 
world in the three years that this method 
has been in use. This is applicable especially 
for boxes which are small enough to be handled 
by one man: This pitch-covered canvas is 
more effective than any iretal casing because 
of its clinging qualities, and the fact that if 
subjected to pressure or distorted it is not 
in any way weakened; for the more it is 
compressed the tighter the wrapping becomes 
—exactly opposite to the case of a metal box.

Panama Locomotives Shipped Complete
From the customer's standpoint it is ideal 

to receive the completely constructed machine. 
For instance, the Panama locomotives were 
built at the factory, shipped on the decks of 
the vessels, and when lifted onto the pier at 
Panama they were run off by their own 
power.

The ideals towards which the packing 
experts strive, in the order of their im
portance, are as follows:

1. Get the shipment to the customer with
out breakage.

2. Get the shipment to the customer

Finishing Touches Between Armature and Skids to 
Prevent Rust

So important is the work that a shipping 
committee has "been appointed to <tan lardize 
this port ion of the (leneral Electric Con pane's 
work at all of the different fact >ri s. The 
Committee consists of eight men from the 
various works, and they meet lour times a 
year or oftener to discuss problems and 
settle matters of detail and policy. This 
con mittee thus acts as a clearing house of 
shipping information and experience.

Each type of a; paratus has assigned to it 
a definite box, of definite size and in iterial. 
put together in a certain way. wrapped, 
tagged, etc., according to definite speci
fications. written down and even illustrated.

There arc 750 kinds of boxes represents 1. 
and directions covering many different 
methods of loading flat cars, in which are 
specified the braces, struts, skids, etc., 
which should be used. All these add not 
only to the safety but to the speed ot ship
ment .

Government Recognition
The United States Government recognizes 

the value of expert shippers and has created 
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a Committee on packing, boxing, and crating, 
as it is now shipping untold millions of tons 
to all parts of the world.

This Committee consists of Mr. 1). L. 
Quinn of the Forest Products Laboratory 
at the I Diversity of Wisconsin, Mr. P. C 
Morganweck of the International Harvester 
Company at Chicago, and Mr. M. C. Fitz
Gerald of the General Electric Company at 
Schenectady. The Committee has prepared 
standard specifications for packing different 
types of supplies, apparatus, etc., and 
personally instructs those officers who have 
charge of this work at Washington and at 
the various points of embarkation.

Many officers have visited Schenectady 
in order to receive instructions in the stand
ardized method of packing and shipping. 
It is gratifying to hear that Major General 
George AV. Goethals requires that these 
spec ideations be followed to the letter in 
the actual work of shipping goods abroad.

As an example of the benefit of the recom
mendations of this Committee, we will cite 
one instance in particular—a shipment of 

10,900,009 cases for France. The Com
mittee. was asked to give its recommendations 
on the boxing of each of these 10,000,000 
cases. Although the proposed cases had 
been whittled down as far as the manu
facturer thought it could be done with safety, 
the Committee developed a new method 
which cheapened the manufacturing cost 
of each box 25 cents and also reduced its 
cubic displacement one half cubic foot. 
This saved .$2,500,000 in the cost of the 
boxes; but this is not the whole story. 
The 5,000,000 cubic feet of shipping space 
which was saved is worth from two to five 
dollars per cubic foot at standard freight 
rates, or a further saving of approximately 
$20,000,000. And again, from the stand
point of conserving ship space, 5,000,000 
cubic feet displacement is equivalent to 
125,000 tons, as 40 cu. ft. of this character 
is rated as one ton in marine estimates. 
Thus this one recommendation of the boxing 
and crating experts conserved shipping equiv
alent to the combined cargo space of 31 
4000-ton ships.

Salvaging Industrial Wastes
By W. Rockwood Conover

Economist, General Electric Company

A beneficial result of the war, and one which we hope will be lasting, was the great effort on the part of 
industry to eliminate waste. The government campaign for conservation of materials showed the manufac
turers what could be accomplished, and they were enthusiastic to put these economics in force. The salvag
ing of industrial wastes is a big factor in the economy of materials, and in this article Mr. Conover briefly 
outlines what saving can be accomplished by reclaiming scrap materials.- -Editor.

A new interest has been awakened in the 
subject of salvaging wastes which is obviously 
the direct result of the world war. Con
servation has within the brief space of less 
than two years become a world-wide slogan. 
The world is fast becoming aroused to the 
fact that saving is now one of the chief, vital 
principles of existence; that the extravagant, 
wasteful practices of the past mean ruin to 
the nation continuing them. The winning 
of the great conflict depended not so much 
upon guns and men, not so much upon 
equipment in the field, as upon the careful 
saving and judicious use of every fabric 
and fiber, of every piece of metal, and of 
every clement of human ami mechanical 
energy.

In industry these words have assumed a 
new and more vital significance for us since 
America’s entrance into the world struggle. 
Saving and utilizing the by-products of 

production have gained a new and sudden 
prominence among other established prac
tices of recognized value in engineering and 
manufacturing. The Government demanded 
to know what we were doing with the 
materials entrusted to our care. It mattered 
not whether we manufactured specifically for 
the military needs of the nation, or for private 
commercial ends—the question remained the 
same: What were we doing to conserve? 
It is plainly the duty of industrial managers 
everywhere, of the leaders of big business of 
every kind, and of the citizen .in every calling 
in life, to study the conservation of waste 
and the salvaging of the by-products of 
production and every-day living. Not a 
pound of metal or fabric; not an ounce of 
essential oils or chemicals; not a piece of 
leather, rubber, or wood; not even a scrap 
of paper should be allowed to go to waste 
or escape the process of reclamation.
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Salvaging imlu.l rial wa.tc. Iia . a more 
1’ar-reucliing signilicaiuc Ilian mu.I pcnplc 
realize. It is ob\um. that iimiow ..art «<>i> 
sumption of Uni'.IhiI failin', nr failure tn 
reclaim bv-prodnet•• ncee . itate. merea .vd 
production of raw material. Iiurca'cil pin 
duetion of whatever nature mean-, additional 
labor, additional transportation facilities, the 
tying up of railway equipment and I'onge-.i ion 
of traffic, and an incrcaseil cost of li\ing.

It is manifestly of great importance, if 
we are to secure a practical working basis of 
economic manuftiet til ing, tn establish systems 
of control in every factory in the land. 
Systems must be set up which will not only 
insure the economic consumption of all 
materials employed in production, but which 
will also prevent evert- form of unnecessary 
industrial waste and accomplish the complete 
reclamation of all classes of by-products. 
Regular stock department reports are most 
essential for the purpose of showing the 
amount of various classes of material delivered 
to the manufacturing floors; but the estab
lishment of systems of prevention and 
control, which preclude the possibility of 
waste, is of far more importance and of far 
greater effectiveness in securing the results 
we are seeking to obtain.

With the exigencies of the war. most 
difficult employment problems arose, of a 
character which the manufacturer had never 
before faeed. Much of the new help which 
he employed had to be taught the simplest 
rudiments of shop practice. This condition 
materially affects precision in productive- 
processes and is a fertile source of increase in 
industrial wastes. How to meet this con
dition is one of the serious problems of the 
day and one in vital need of being solved.

In the larger industries engaged in the 
manufacture of a diversified mechanical and 
electrical product, and in all industries the 
products of which are composed chiefly of 
metal parts, such as machinery for mills 
and factories, agricultural and traction ma
chinery, automobile products, etc., met al scrap, 
such as steel, iron, copper, brass, and various 
alloys, constitutes the greater portion of the 
valuable by-produets. The aggregate of by
products reclaimed annually in some of our 
chief industries amounts to many thousand 
tons. In one of the largest electrical indus
tries, the General Electric Company’s plant 
at Schenectady, it has amounted in the past 
two years to more than 4f).(H)() tons per year.

In the bigger mechanical industries, like 
the Schenectady plant, it is essential to 
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Metal By products
Eor purposes ol accounting il is always 

desirable to establish a system whereby the 
individual shop departments will receive 
credit for all scrap produced.

In the large boring mill and machine 
departments, steel boxes of approximately 
two tons capacity are placed in convenient 
localities near the machine tools, into which 
the chips and turnings can be shoveled with 
facility by the machine helpers or floor 
sweepers. These boxes are provided with 
hinged ends to facilitate discharging, and 
with handles for lifting with the shop cranes 
and conveying to the cars. This obviates 
the operation of wheeling out of chips to the 
sidings in barrows by the floor labor gangs, 
thereby effecting a good economy in cost of 
handling. This class of serap is usually 
shipped in ear lots in its original form, and 
weights are tallied on the railroad scales at 
the scale house.

The process of briquetting steel and iron 
borings and turnings, which has been estab
lished in several of the larger manufacturing 
centers of Europe, in the cities of Berlin, 
d’ienna, Buda I’esth. Stolberg. Chemnitz. 
Cassel, Milan, and in Switzerland at Winter - 
thuer, has in recent years come into use to a 
limited extent to this country. It is one of 
the new developments for which, in connec
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tion with certain prospective metallurgical 
reactions, there appears a somewhat attrac
tive field about to be opened up, and one in 
which the big industries of the country will 
mon- generally take interest in the future. 
In giving consideration, however, to the 
increased market value of steel and iron 
borings and turnings which have been 
briquetted, the cost of the installation and 
operation must not be lost sight of, which 
may and does have a very material bearing 
on the net gain to be credited to the operation. 
This is especially true where liberal market 
figures are already being obtained for these 
by-products shipped in their original form. 
The cost of installation in a number of cases 
must include the erection of new buildings 
for the purpose, which will involve an 
important item of investment to be charged 
against the receipts. In general, the larger 
industries throughout the country are still 
adhering io the practice of shipping their 
borings and turnings unbriquetted in car 
lots.

In the manufacturing departments having 
machine tool sections dev oted to the machining 
of small parts, and in the automatic machine 
departments, the chips and turnings consist
ing of steel, iron, copper, brass, composition, 
babbitt, etc., are collected in steel barrows 
and containers, weighed, tagged, and sent 
to the general scrap building. The lag 
attached to the container designates the 
department from which the chips come, 
class of material, and weight. As far as 
pratticable the scrap front these departments 
is kept separate in the processes of machin
ing, the chips front one kind of metal being 
removed from the tool pans as soon as the 
job is finished and before another metal is 
started cutting. Chips removed from ma
chines operating with cutting oils are run 
through oil separators before delivery to the 
scrap building. This process is a most 
essential one, the oil reclaimed amounting in 
some cases to a barrel, a id in others to more 
than a barrel per ton of chips, according to 
operating conditions. This oil should be 
mixed with a proper proportion of new oil 
to bring its cutting value up to standard 
requirements.

Mixed chips and turnings from machines 
operated on short jobs, involving frequent 
changes of metal, and from those, operated 
on parts assembled from two or more metals 
or materials, are collected by the floor 
sweepers, and forwarded in barrels to the 
scrap building for sorting and loading.

Apparatus and materials designated by 
the mechanical inspection force of the .shops 
to be scrapped have a blue tag attached at 
the time of inspection, and are sent to the 
by-products building where they are taken 
apart and all materials of value saved. 
Benches are provided for the men who do the 
work of disassembling, and the various 
metals and materials are sorted into barrels, 
boxes, or bins in preparation for shipment or 
consumption in the home foundries.

Babbitt scraj; is usually an important item 
in most mechanical industries. Frequently 
it is mixed with iron, brass, or'composition, 
as is the case where it conies from machines 
employed on the process of turning and 
boring bearings, etc. When mixed with iron 
it is put through the magnetic metal separa
tors and is then ready for reduction in the 
babbitt furnaces with the clean babbitt chips 
collected from the shops. The furnaces are 
located in an addition adjoining the main 
scrap building which is devoted exclusively 
to smelting and casting pigs. The capacity 
of the furnaces is 31)00 lbs. per run, or approxi
mately 12,000 lbs. production per day. The 
pigs cast from these chips are worth the price 
of new babbitt metal in the open market. 
Babbitt dross contains a high percentage of 
pure metal when reclaimed, and is worth ap
proximately 85 per cent of market pigs. Lead 
dross yields about the. same relative value in 
reclamation. During the year 1917 nearly 
■100,000 lbs. of babbitt pigs were cast from 
scrap and used for home consumption, and 
more than 300,000 lbs. of mixed babbitt and 
babbitt dross were saved and sold to the 
outside market. All lead dross is also care
fully saved and disposed of in the same, 
manner.

The shop foremen should give special 
attention to saving all copper, brass, nickel 
silver, nickel, aluminum, or other grades of 
metal in whatever form. This would include 
wire scrap, clippings, stampings, and cuttings 
from both metal sheets and solid stock left 
over from productive processes. Care should 
be exercised to prevent workmen from throw
ing small pieces of scrap metal into the shop 
waste cans, and the refuse from these cans 
should always be sorted, and all metals 
picked out before sending the waste material 
to the factory dump or destructor plant.

Foundry slags and wastes from smelting 
furnaces in mills and reduction plants pay 
good returns on the labor expended in the 
process of reclaiming. The slag from the 
cupolas and furnaces should be carefully’ 
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sorted and screened, m win, h . a c there will 
be lit th' material of \ .due h it The p< i 
cent age remaining w ill n - ■< it n.dh I u- ii111< nut 
to require the operation ol .1 । in.h r null 
In the brass foundry- then- 1. alwa\ an 
accumulation of mclal w.ctc which yields a 
good return. This re idin- require- more 
care and equipment in the prone , of reclaim
ing. In general the coarser portion 1 )>nt 
through a erusher to render it in slwpc for 
screening or separating by electro-magnet ic 
process. With suitable jigs, screens, tables, 
and magnetic separators, all of the liner parti
cles of metal can be saved and that portion 
known to the trade as brass dross can also 
be fully reclaimed. It is good practice to 
gather all the refuse from the foundry floor' 
which may contain particles of metal, and by 
means of one or more of the several reclaiming 
processes, reduce the metallic portion to a con
dition and shape suitable for use in charging.

The by-products from reduction and smelt
ing processes in laboratory' furnaces and 
retorts, and by-products from laboratory 
production in general offer a yvide field for 
valuable conservation work. Many valuable 
metallic elements in the form of wastes and 
residues, such as aluminum, molybdenum. 
tungsten, barium, etc., can be reclaimed 
and used again in production with a com
paratively greater profit than in many other 
classes of manufacture because of the initial 
cost of these materials.

Building Construction—Improvemen’ and General 
Repairs

Waste materials left over from building 
construction and repair yvork comprise a 
large list. Alterations and repairs to build
ings often involve the removal of steel angles 
and beams, sheet metal, piping and yviring, 
cables, etc. All of this product of factory
additions and alterations is of the highest 
value. Much of it can be saved and applied 
on other jobs. The same is true of materials 
used on extensions and repairs to plant 
trackage and on repairs to machinery and 
shop tools, and improvements ami repairs in 
general. It is good practice to establish a 
system of clearing up left-over materials 
immediately on completion of yvork, and 
making disposition either by returning to 
stock or sending to scrap. Regular inspec
tions of manufacturing departments and of 
contiguous areas between shops and build
ings, as yvell as storage sheds and platforms, 
should be made yvith a vieyv of collecting 
and disposing of metals and fabrics left over

common practice in some shop. io leave 
partlv used cut ting tools Iving about machm. - 
and cupboards until large accun.malion- 
result. Most of these tools can be rcpom'ed 
several times, or reshaped for other proci<-c- 
to good advantage before they arc co-1- 
nletely used up. and the remnants melted over 
into new stock. Each tool should receive 
careful inspection and be put 10 the fullc-t 
service for yvhieh it yvas designed before 
being replaced by a new tool.

Tool steels in various shapes ami sizes 
are often left iving about the machine 
sections and tool-making dep; rtments with
out any good reason exce;.t lack of attention 
to system on the part of the supervisor in 
charge. All these remnants and left-over 
pieces are of the utmost value either in new 
tool production and repairs, r for melting 
and converting into stock sizes.

Holts, nuts, washi rs, ''ins. etc., left over 
from productive jobs should be returned 
promptly to stock by the workman. Unless 
this practice is fvlloyved. these articles are 
apt to lie around ’he benches and floors 
indefinitely and finally reach the > rap 
department with other materials as waste 
products. It is the practice of the supervisor 
in charge of the main by-products building 
and of the collection and disposal of scrap 
in the Schenectady plant to systematically 
save all materials yvhieh may be of furth -r 
use- in the manufacturing depart merits - r in 
the work of maintenance and repairs. Par
ticular attention is raid to the sorting and 
preparation of all the various classes of metals 
in order to meet the market rulings as to con
dition. size, and form, in yvhieh the different 
grades must be shipped, and also to obtain the 
highest quotations which the market aft >rds.
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Experiences with an Electric Power Plant 
Eleven Degrees from the North Pole

By Jerome Lee Allen

Member of the Crocker Land Expedition

The discovery of the North Pole is no longer news but probably it is news to learn that a complete electric 
generating plant has been installed and operated within a few hundred miles of that apex of the earth which 
man, after years and numberless failures, attained by traveling with only the barest necessities which would 
support life during that flying visit. The following narration of experiences in connection with this arctic electric 
plant is of particular interest on account of the geographical location of the plant and of the prevailing severe 
climatic conditions.—Editor.

The Crocker Land Expedition sailed from 
New York, Juh 2, 1913, on the Newfoundland 
sealing ship Diana and included in its outfit 
an electrical equipment unusually complete 
for an Arctic destination. In addition to a 
3-kilowatt, gasolene-electric generating set 
loaned to the expedition by the General 
Electric Co.,, an SO-ampere-hour 125-volt 
storage battery loaned by the Electric 
Storage Batten Co., and a radio set with 
two 500-cycle transformers loaned by the 
Atlantic Communication Co., there were 
included an electric oven, half a dozen disk 
stoves, lamps, wiring fixtures, and a com
plete control board for the generator, radio 
dynamotor, radio transmitter, and storage 
battery.

The extreme cold of the northern latitudes, 
and the necessity to transport with the 
expedition all the engine fuel to be used 
during the sojourn, made it seem desirable 
to utilize every possible calorie of the fuel 
in some way. Accordingly, it was planned 
to heat the camp with the heat not converted 
into mechanical energy by the engine. For 
the purpose, two gasolene-electric railway 
type radiators were employed in connection 
with a 300-gallon cooling tank fitted with a 
special piping arrangement for abstracting 
the heat from the exhaust.

Since it was considered likely that the 
apparatus when landed in the Far North 
would have to be transported over difficult 
places, possibly over glaciers and sea ice, 
everything was shipped completely knocked 
down. To be certain of being able to assemble 
the many pieces properly after arriving at the 
destination, where one couldn’t well write 
to the factory for instructions, the author 
spent several months in the Testing Depart
ments of the Schenectady and Erie Works If 
the General Electric Company.

After an adventurous trip via Labrador, 
where the ship tried to go by a short cut 
overland, and after loading and unloading 

the cargo four times en route, the expedition 
reached Etah, North Greenland.

Etah is not a port. It is not much of 
anything except a rather prominent glacial 
drift formation back in a fjord which forms a 
relatively good harbor. Four or five Eskimo 
igloos serve to shelter natives who might 
choose this spot for their winter home. The 
members of the expedition selected a site for 
their house at the foot of the glacial drift, 
and began work on the foundation immedi
ately after completing the final unloading of 
the ship, which had to be done on the rocks 
at a point about half a mile from the camp 
site. As it was necessary to set up the big 
tank and a few other large parts of the plant 
before the walls were built, we took time off 
from carpenter work on the house to ferry 
over the parts. Here we began to appreciate 
the great strength of the husky little brown 
men. These Eskimos took a piece of sealskin 
line and made a carrying sling, ‘‘tump-line,” 
and walked off with a load on their backs 
that would have made our best men grunt. 
E-took-a-shoo, one of the men who accom
panied Dr. Cook on his trip, solved the 
problem of transporting the two 500-cycle 
radio transformers, the heaviest pieces of 
which weighed about 350 pounds, by “tump
ing” them up the beach from the boat to the 
house.

The house was built thirty-four feet square, 
with a big living room in the center and 
bedrooms, photographic room, electrical 
room, and workshop around it. The walls 
of the electrical room were built after the 
300-gallon tank had been set in place. As 
it was not feasible to construct a cement 
foundation for the generating set, it was set 
up in the electrical room with the bed-plate 
bolted to two-by-fours laid crosswise on the 
flooring. Due to differences in natural periods 
there was no more trouble experienced from 
vibration than there would have been from a 
sewing machine. The complete plant having
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been inslallcd with radialors in Ilie room .. 
the batteries were set up Icinporm ill in 
the workshop tor a wakiny. np charge. \o 
difficulty whatsoeicr w.c experienced in 
selling tl]> the plant ; probably few liai c cirr 
been set up more (init-kly ami easily. Il was, 
therefore, with exultation nt our success 
that one of our thousand cm.es of find wa 
broken open and the tanks tilled. Gingerly 
the engine was cranked and the kick-oil 
listened for, but it did not occur. It was 
cranked again and again and again. Mt it 
would not. start although the timing of the 
ignition and valves were correct, the com
pression good, tind the cylinders receiving

3-kw. Gasolene Electric Set with Kerosene Gas Producer, 
Exhaust Side. Crocker Land Expedition

3-kw, Gasolene Electric Set and Accessories. Crocker 
Land Expedition

the charge from the carburetor. Mentally 
and physically exhausted by cranking, the 
author was relieved in turn by the geologist, 
the zoologist, the doctor, the cook, and 
finally by the Eskimos; but with the same 
results. Ether from the medical supplies was 
used to prime the engine which exploded as 
long as the charge lasted. The carburetor 
was then filled with ether and the engine ran 
for a few minutes as though it never intended 
to stop; but it stopped when the ether was 
exhausted. Finally the fuel was drained 
from the tank, another ease opened, and the 
tank refilled. Success crowned these efforts. 
In the intense haste to get the engine going 
before the Arctic darkness closed in for six 
months, no one had noticed that the first 

opening from the living room side provided 
regulation of warm air. It was thus possible 
to operate the cells at their best temperature 
without allowing the gases to escape into the 
living room. Lamps were of course located 
in all possible places throughout the house; 
and a big lamp with a bright reflector was 
kept burning in front of the door, so that 
Eskimos, traveling from their homes two 
or three hundred miles to the south, got their 
first impression of this wonderful white man 
expedition from their sledges miles before 
they reached the house. A light in the 
Weather Bureau instrument shelter, some 
distance from the house, made the watch
man's hourly trip less fraught with the 
dangers that lurked in the dark outside the 
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house. (These latter were mainly those of 
stepping on a nest of curled-up puppies or 
of bumping one’s head on the sledge of some 
newly arrived Eskimo guest who had cached 
his sledge up on top of the instrument shelter as 
a means for keeping his hungry dogs fr< >m eating 
the sealskin lashing which hi id it toget her.)

The first revelation came when the first 
charge of the batteries had progressed about 
three or four hours. The 300-gallon lank 
of water began to get so hot that the radi
ators, duly radiating the heat, wade the 
house so hot that every door and window 
not nailed shut had to be opened. The house 
had been built well: it had not been intended 
that any heat should escape, and very little 
did. Soon it became necessary to draw off 
some of the hot water and add chunks of ice 
from the sea. This first charge lasted for 
two or three days, and during this time it 
was realized that there was more heat 
gem rated than was desirable.

The Eskimos naturally enjoyed the wonders 
of electricity but they are prone to be stoic 
when it comes to expressing surprise. They 
can very satisfactorily explain anything by 
their word “ig-mi-ny” which means “it 
comes of itself.’’ 'I'he ignition system seemed 
to puzzle them the most, and probably every 
Eskimo of that tribe, the northern-most 
pe> pie of the world, had a shock from the 
ma gneto.

'I'he attempt at radio communication was 
disappointing. Nothing could be done with
out a suitable antenna, and it was im
possible to get the ship over to Flagler 
Fjord, on the Ellesmere Land side, where 
there is a suitable cliff for supporting the 
antenna. Wires were, however, put up on the 
hills around the house, and led from a cliff 
to a 40-foot mast at the house. About the 
most interesting fact learned was that there 
is no static whatever and no noticeable effect 
from the aurora up there.

Since it seemed likely that messages would 
be sent broadcast to the expedition, in the 
hope of our picking them up, attempts were 
made to fly kites to support the antenna. 
The kites were of the S-foot type used by 
the Weather Bureau. It was soon learned 
that the winds at the camp were too gustj for 
kite flying. The house was so situated that 
sometimes the wind would blow straight 
down upon it from the hills and valley above. 
In a last endeavor, the plant was dismantled 
and moved in our whale boat to a small 
island about three miles from shore. It was 
hoped that out there we should have more 

favorable winds and be able to keep up a kite 
long enough to establish communication..

The 300-gallon cooling tank had to be 
cut in half with a chisel to get it out of 
the house. Only the lower half was trans
ported; the next summer the upper half 
was used for an outdoor bath tub. Enough 
pieces of boxes, left-over boards, and empty ’ 
tins were picked up to build a house on the 
island, about eight by twelve feet with a 
slanting roof five by seven and one-half feet. 
This was walled in with boxes of provisions, 
rocks and snow, and in this little place was 
installed the generating plant,' the radio 
transmitter, the storage battery, the electric
oven, the switchboard, a heating stove, two 
bunks, and a table. Profiting by the experience 
in overheating the main house, the entire 
cooling tank was placed outside this time 
and the piping arranged so that the cooling 
water intake pipe came up through the 
bottom of the tank to within an inch of the 
top. The preliminary of starting was to fill 
the tank with Water which, of course, in a few 
minutes became solid ice. Ender the ice 
pressure the tank would warp and twist, but 
since it was open at the top there was not 
enough pressure to burst it. A plug screwed 
into the top of the intake pipe prevented 
water from getting inside it. The ice bulged 
up and rose to the level of, or possibly higher 
than, the top of the protected intake pipe. 
When it came time to start up, the cap on 
top of the intake pipe was unscrewed. A 
gallon of hot water from the stove, poured in 
on top of the ice after the engine was starred 
filled the pipe and started the program. The 
outlet warm water coming out on top of the 
ice began to melt the whole mass and a 
steady temperature was maintained. At the 
end of the run, the water was drained at the 
lowest point in the intake pipe. This took 
all the water out of the piping, but only 
about a gallon out of the tank. 'I'he cap was 
then screwed on the top of the intake pipe 
and the tank was left to freeze again. This 
cooling system was a real success.

However, the purpose for which the power 
plant had been laboriously moved and a 
second time set up proved to be of no avail, 
for the kites used to support the antenna were 
smashed one after another. The last kite met 
the very inglorious end of being smashed by 
two innocent puppies which wandered out to 
the island and made a bed of it.

The house on the island was lighted, inside 
and outside, by 60-watt Mazda lamps. A 
string of six lamps across the kite-flying stand
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lighted lip tile wllnle end i 4 tile I .l.llld Tlli'. 
blaze of light intisl have looked \<rx Mange 
and wondiTlul to the traxelnig Eskimo to 
whom years of traveling in the dark winter 
nights. it]> there where ('assiupca ami the 
Big Dipper circle around diiectlx- oxerhead, 
with the North Star a- a eentcr, and ncxer 
set, have given a sort of extra srinc of 
nocturnal uavigaiion.

I laving only a heater st । >\ e al t he island, I he 
electric oxen xvas used for baking. Saltirdax' 
was charging and baking dav.

The Cam-operated Railway Controller
By R. S. Bi ers

Rah.wax Iòhipmi-.m Ixm.isi ii<ix<. 1 )i:i’ak i mi-, x i , CiKxi.k\i. Eii.cikh Ciaii-xxx

An early descript i< m of the cam opera* ed or PC railway cent miler appeare, 1 in I he < r : o' - r, 1' 1 5, < > i m.k xi. 
Ei.fa irk Review. That was about the time the actual 'levelopm-nt work had be n e..mpl"i--I. -'im •• 
then this type of controller has been put m service under all the various conditions of efis trio , xr op nciou. 
This article presents the confirming evidence that the cam-operated controller has lullilled m a mo l pl-o mg 
and satisfactory manner the expee alioiis of the engineers n-sponsibh- lor its design, and deseribo ’he alunl 
features of its operation.- Ediior.

Following the development of the cam- 
operated controller several years ago and 
after the first sample controllers had been 
given all the tests feasible under factory 
conditions, several equipments were installed 
for service trial on cars of the New York 
subxvay. While in operation under the most 
severe and exacting railway service in the 
United States, they xvere intelligently criti
cised by a very capable corps of operating 
men. As is to be expected with any entirely 
new development, minor modifications xvere 
necessary. These consisted chiefly in re
arranging parts of the controller to secure 
greater accessibility. At the same time, 
positive proof xvas obtained that the fun
damental principle of operation xvas entirely 
satisfactory.

The controllers xvere so successful that the 
number xvas soon increased to 124. and 
subsequently the number has been further 
increased, until mw the Interurban Rapid 
Transit Company has 4‘JO in operation.

In Boston. 40 of these equipments are 
operating in the same trains with type “M ” 
control on the elevated, while on the city
streets there are some 100 equipments at 
present and it is expected that there will be as 
many more in a short time. Philadelphia is 
using 100 of these controllers on the cars 
carrying xvorkmen to ami from the Hog 
Island Shipyard. This number will soon be 

increased to 130. For strictly interurban 
xvork cam controllers are noxv operating cars 
in the states of Maine. Massachusetts. New 
York. Pennsylvania, Maryland, 1 )hio. 
Michigan, and Oklahoma, while completed 
controllers for England, Cuba, Spain. Mexico. 
Australia, and Japan insure that this type of 
control will soon lie operating in these 
countries.

Car equipments may be roughly divided 
into two classes, one for city and light inter
urban serx-ice and the other for elevated, 
subway, and heavy interurban xvork. To 
meet these requirements of service in the 
best manner, the cam type of control has 
been designed in two general sizes. The 
small size for city and light interurdan 
service is small enough to install on the 
modern city car with loxx- steps and 24-in. 
xvheels. The large size controller is for 
elevated. subxvay, <>r heavy interurban s< rx'ice. 
These two sizes are necessarv oxving to the 
difference in current capacities required. 
Each size possesses the san e features of 
sturdiness, accessibility, and safety.

Various forms of each size of controller 
cover the car equipment field, xvhieh includes 
cars with two full-field motor.--, cars with 
two tap-field motors, and the same com
binations using four motors. The<e various 
forms differ only in the reversers, motor 
cutouts, and xviring. In fact, the tour-motor 
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full-field controller is used with four tap-field 
motors by adding a separate switch for 
tapping the fields.

The cam controller is more analagous to 
the simple drum controller than any previous 
multiple unit control, as the cams absolutely 
insure, a definite sequence and fixed relation
ship of closing and opening the contactors, 
which is unobtainable with individually 
operated contactors. At the same time, the 
combining of all the motor circuit control 
elements, such as the line breaker, overload 
relay, accelerating relay, contactors, reverser, 
and motor cutouts in a single box reduces 
the materials required and time of installing. 
In addition to this feature there is a decrease 
in weight of the controller itself as well as 
the elimination of a number of iron hangers 
which are needed when suspending an 
equipment consisting of several separate 
pieces of apparatus.

While the use of cams for closing the 
contactors was comparatively new, it had

Cam-operated Controller and Line Switches

proven so successful on the series-parallel 
switches of the Butte, Anaconda and Pacific 
2400-volt electric locomotives that no doubt 
was felt for its successful operation on the 
cam controller. This has now been proved 
by actual operation, as controller cams that 

have been in service for three years show 
hardly a sign of wear.

The use of cams and cam shaft, giving a 
definite sequence of closing and opening the 
contactors, is of particular advantage in 
that it substitutes mechanical interlocking

Small 600-volt Cam-operated Controller

for the electrical interlocking required with 
individually operated contactors of previous 
control systems. This feature makes a 
very strong appeal to the operating man 
who has experienced trouble in the past 
with the small contacts of electric interlock 
switches.

This substitution of mechanical for 
electrical interlocking has made feasible a 
control system for automatic current-limit 
acceleration that is less complicated than 
previous automatic controls of either 
magnetically or pneumatically operated con
tactors. ■

Automatic acceleration has been desired 
in the past but the additional complication, 
necessary with individually operated con
tactors, has more than offset the advantages 
for all but a few classes of service. The 
simple arrangement of control circuits with 
the cam-type control has made it possible 
to use automatic control for all classes of 
car equipment. This has proved of advan
tage in saving power and reducing shocks to 
the equipment, and, as a smooth acceleraion 
is obtained without any attention from the 
motorman, greater comfort results for the 
passengers. At the same time the motor
man can give his undivided attention to 
signals or to traffic in front of the car. 
This is of great importance today with the 
congested condition of traffic in city streets.

While an acceleration depending upon a 
fixed current value is suitable for all normal 
conditions of electric car operation, emergen
cies arise, such as starting a car on a steep 
grade or on a curve, where some means of 
increasing the torque on the motors is
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essential. I 'r<>\ a.ion is made tn the earn 
system control lor such emergciicie:. bx 
including on t he- master controller a s< |>ar;ile 
handle, called an advance lever The control 
is so arranged that pushing this lexer lorw.ud 
advances the motor controller one step, 
independently of the current (lowing through 
the accelerating relax . By rclete ing the 
advance lever and again pushing it forward,

The al nlil y lo o, k rat ■ thè - .......... • । ■
VcfV III I le elee! rie eneiy \ and lion- o
vollagc is pari ieularlx lori miai otto
Volt cqnipllll-llts, where .onie I".'. >.'i .

1500-volt Controller

the motor controller will advance another 
step. If desired the motor controller may Le 
advanced through its entire progression in 
this manner, independently- of the current 
in the accelerating relay.

Small Contactor

source of potver is essential for the auxiliary
circuits. As the control does not determine 
the voltage, a value can be selected for 
these auxiliary circuits that will allow the 
ear lights to lie connected in parallel instead 
of the usual practice of several circuits, each

Large Contactor

As the cam controller requires only a 
very small amount of electric energy for 
operating its magnet valves, cither battery 
or trolley current may be used as a source 
of supply. On 600-volt equipments, trolley
potential is used yvith resistor tubes conni cted 
in series yvith the operating coils to reduce the 
current to a value low enough for the satis- 

circuit having five lamps connected in series, 
and yvill also permit of the use of a headlight 
xvithout an external resistance. Thirty-two 
volts meets these requirements admirably 
as this is a standard voltage for train lighting 
lamps and as it also allows the filament of a 
headlight lamp to be concentrated near the 
focal point of the reflector. A headlight
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Arrangement of Car Equipment with Cam-operated Controller
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the sides of the railroad.
'I'he current for these auxiliary circuits 

is supplied from the trolley through a unique

page 121.

I v pe of motor ' * T

MR. F. N. BOYER RETIRES

\\ ilh mingled feelings of regret and 
pleasure the many friends of Mr. F. N. 
Boyer, Manager of the St. Louis District of 
the General Electric Company, will learn of 
his retirement from active business life—— 
regret at their loss of his mature judgment, 
wise counsel, and the benefit of his broad 
experience in electrical matters, and pleasure 
to know that it is now his good fortune, after 
fifty years of service, to be able to unshoulder 
the cares and responsibilities of business and 
enjoy the rest and recreation he so richly 
deserves.

Frank Norton Boyer was born in Reading, 
Pa., September 9, 1S55. In September, 
1SG8, at the age of thirteen, he left grammar 
school to become messenger boy for the 
Philadelphia, Reading and Pottsville Tele
graph Co., and in the following year 
was promoted to telegraph operator. From 
1S73 to 1SS4 Mr. Boyer was wire chief of 
the Philadelphia and Reading Railroad Co., 
in charge of all telegraph wires. In the 
latter year he accepted a position as General 
Manager of the Reading Electric Light and 
Power Co., in which capacity he remained 
until June 1891, when he went with the 
Edison General Electric Co., Chicago, as 
incandescent lamp specialist. In February, 
1892, he was appointed Manager of the 
Incandescent Lamp Department and the 
Wire and Cable Department, and a few 
months later, when the General Electric 
Company was organized and this position 
was abolished, he became associated with the 
Supply Department, serving in various ca
pacities, and in 1895 was promoted to Man
ager of the Supply Department. Mr. Boyer 
retained this position until 190S, when he 
was appointed Assistant Manager of the

Chicago District. In 1912 h<- wa appointed 
Manager of the Si. Loui District.

“Pop” Hoyer, as he was affectionately 
called by his friends, endeared him elf to 
both his business associates and competitors 
by his eager spirit of fairness on all occasion'.

His genial manner and sterling business 
qualities engratiated him with members of 
all branches of the electrical fraternity; he 
enjoys a wide acquaintance and has hundreds 
of friends inside and outside the Company’s 
organization, who wish him many years of 
ease and happiness.
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