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THE VALUE OF RESEARCH
It is befitting that a story on lamps should 

shed some light on our store- of human prog­
ress. Mr. Morrison’s article, written around 
the report of the Lamp Committee of the 
National Electric Light Association, with its 
accompanying tables, tells those who will 
spend the time to stud}- it a more encour­
aging store- of human progress than mane­
books written to extol the genius of man and 
his mastery over the resources of nature. A 
sermon might well be preached taking Table I 
in this article as the text.

In 1907 the domestic sale of incandescent 
lamps included only 0.1 per cent of tungsten 
lamps. These lamps were then a new inven­
tion. They were three times as efficient as 
the old carbon lamp; that is to say, for each 
watt of energy expended the user gets three 
times the amount of light with a tungsten 
lamp that he would get by using the same 
energy in a carbon lamp. In 19IS, of all the 
lamps sold for domestic use. 89 per cent were 
of the tungsten type, so within a little more 
than a decade the use of a new inveimon 
had grown from 0.1 to 89 per cent. This 
shows an astonishing rate of progress.

It is this rate of progress that interests us. 
Let us compare it with the rate at which 
inventions and discoveries previously became 
useful assets in our daily life. The birth of 
electrical science took place about 600 B. C. 
when Thales, a Greek philosopher, discovered 
that amber when rubbed possessed the aston­
ishing property of attracting small particles 
of certain materials. The very word electric­
ity came from this discovery, being derived 
from the Greek word for amber. Great as 
this discovery was, the purely imaginative 
philosophy of the Greek, which made this 
era so rich in poetry, art. and literature, 
could not turn it to practical purpose. We 
know of no advance made in the science of 
electricity during the whole time that the 
Roman Empire flourished. Science of a 
sort was in fashion, men discussed the laws 

of nature learnedly and literature ilouri-ln-d. 
but experimental science had not been Lorn 
Then the dark ages eamc (those years of 
barbarian invasion and conquest); the world 
moved backward rather than forward. W 
could expect no advances then and Wr cer­
tainly got none. The next real step came in 
the reign of Queen Elizabeth when Gill,eri 
published his famous book. "De Magneto." ii 
the year 1600. Indeed, so marked was 
Gilbert’s work that it can be considered as 
having given birth to our modern science of 
electricity and magnetism- not on a purely 
speculative basis, but founded on the sure 
footing of experiments and inductive rea­
s, tiling.

The next great step xvas in 1799. .vhen 
Volta, a contemporary of Galvani, by his 
famous invention of the electric pile first 
produced an electric current. The next mile­
stone xvas reached when Faraday, in ls31. 
discovered the induction of electric currents 
and the creation of electric currents by the 
motion of conductors in a magnetic field. 
These great discoveries usher in our era of 
modern electroteclmics Wi noxx- begin to 
visualize the fruits of invention and discoveries 
for the useful service of man. In lbh.5. Clark 
Maxwell enunciated his electro-magnetic 
theory of light and then we pass into our own 
times when the invention of the dynamo 
electric machine paved the wav for our 
modern electrical industry; and the develo->- 
ment of electrical theories and the absolute 
quantitative measurement of electri 'al energy 
established electl^m engineering as a great 
world asset.

We recite these facts to bring hi me one ] »oint: 
The rate of progress used to be very slow—

Thales 6(H) B.C.—Gilbert 1000 A.I). 2200 years 
Gilbert 1601) to Volta 1. > .......... l.io years
Vol*.i 179D to Faraday ls31 32 years
Taradav 1S:’,1 to Clark Maxwell 1X05 .34 years
Maxwell ISC,5 t > Present Time 54 years

Thales to Pres, nt Time
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All these discoveries are related; in all 
probability, each one had '"me bearing on 
the next. Of course, xve cannot say that a 
succeeding step would not have been taken 
had the first been omitted, but, especiallx 
since Volta’s time, one discovery has led to 
another.

After Thales’ discovery 2200 years elapsed 
before the next step xvas taken by Gilbert. 
Men had not learned the value of experiments. 
Gilbert experimented- -but the rest of the 
xvorld xvas sloxv to knoxx his xvork or to folloxx- 
his methods. His xvork had great potential 
value, but little practical use. One hundred 
and nintx -nine years later Volta produced 
something that could do something useful, and 
only 32 years elapsed before Faraday paved 
the way for an industry. By this time the 
xvorld xvas learning the use of experiments 
and governments had begun encouraging 
science as a possible national asset.

Noxv, in our own times science has built up 
mighty industries and industries have built 
up might} research facilities, so that when 
a new invention is discovered, experiments 
are made, a nexx- product is produced and 
in a single decade can come into general use.

In 1907 one tenth of one yer cent of the 
lamps made for domestic use xvere tungsten 
lamps. In 1918 of the 186 million lamps 
made 89 per cent were tungsten lamps. Each 
tungsten lamp gives three times the amount 
of light per xvatt xxhen compared with the 
older form of carbon lamp, so if xve assume 
the cost of current at 10 cents per kw-hr., xve 
can calculate that the public is getting this 
additional light at tt saving of over two 
million dollars per day.

This additional light is literally not figura­
tively making the xvorld a better world. The 
xvorld is intellectually, morally, and physi­
cally better for it. Men, women and children 
are xvorking, playing and spending their 
leisure hours the better for it. Not in relation 
to lamps alone is this true, but of motors, 
generators, turbines, and the thousand and 
one electrical devices we are making and 
supplying the xvorld with day by dav. They 
are making a better xvorld.

We are living at a terrific pace and xve 
sometimes wonder xvhere the xvorld is heading. 
Each factor xvhich makes our rate of 
progress so great—research, invention, manu­
facture, advertising, distribution—are organ­
ized and practiced on an intensive basis in 
the manufacturing xvorld until xve xvonder 
xvhere it will all lead. We sometimes xvonder 
if xve are the better off for all these modern 

advancements, and it is just because xve 
sometimes xvonder these things, that xve felt 
that a sermon might xvell be preached from 
the Table we have referred to. It shows 
that xve are better off; the public, the xvhole 
xvorld are getting the benefit of all this work. 
Not from lamps alone, but from everything 
that is produced that saves labor and gives 
better working and living conditions.

We have labor troubles. It seems para­
doxical, but the only cure is more work to 
save labor. Labor wants better working con­
ditions, more money, shorter hours. The 
only ansxver is, more machines to save labor; 
more machines to do harder kinds of work 
that men do not like doing; more devices 
that xvill do hard xvork in factory, farm and 
home.

Discontent^" a virtue if tempered xvith a 
reason that stimulates xvork to gain xvhat is 
desired. It is a vice xvhen it leads to grumbling 
and does not instill the ambition and strength 
to accomplish more xvork to make conditions 
satisfactory. If the reader doubts that 
machines are the best cure for labor trouble— 
in fact, the only thing that can cure it—by 
giving men easier means to produce more and 
thus improve their laboring conditions, let 
him ask a man to thrash his wheat with the 
flail, to carry or to xvheel his trunk to the 
railroad depot in a barrow, or to act lil e a 
galley slave and roxv him a score of miles in a 
boat. These and a hundred and one back- 
aching, laborious jobs that a century ago men 
were doing by sxveating toil, today are per­
formed better, quicker, cheaper, by ma­
chines. Those who xvould be toiling on these 
uninteresting, unelevating, laborious tasks, 
but for the advent of the machine, are the 
ones xvho have been the greatest gainers by 
the change. Just as they have gained in the 
past, they are going to gain in the future, by 
more inventions, more discoveries and more 
machines.

So there is a purpose in our xvork. The 
factory is making the xvorld a better place to 
live in. It is giving the xvorking man better 
conditions. If xve compare xvhat a working 
man earns today for a given task, the food 
he eats, the clothes he xvears, the home he 
lives in and the pleasure he can get out of 
life in this age of machines, with the conditions 
a century ago xvithout machines, it xvill give 
us faith in the usefulness of our work. We 
shall realize that the xvork of the inventor, 
the research man, the manufacturer, the man 
at the bench, at the machine, and in the office, 
are all part of one great organized plan to
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improve tlie wi>rl11. < if it uirsc. I here are Aue 
who may work harder than other:'. Iml we all 
work and those who are going to get the inosi 
out oi life are those who work the harde t 
and get pleasure in their work. For

“Not enjoyment and not sorrow
is our destined end or way:

But to act, that each tomorrow 
Find us further than today."

It is encouraging that the importance of 
research is becoming so generali}’ recognized 
A recent resolut ion of the American Federal ion 
of Labor is of much interest in this con­
nection :

“Resolved, by the American Federation of Labor 
in convention assembled, that a broad program of 
seientitie ami technical resi arch is of major impor­
tance to the national welfate and should be fostered 
in every way by the federal government, and that 
the activities of the government itself in such 
research should be adenuatidy and generously sup­
ported in order that the work may be greatly 
strengthened and extended; and the secretary of 
the federation is instructed to transmit copies of 
this resolution to the President of the United 
States, to the President pro tempore of the Senate, 
and to the Speaker of the House of Representatives."

J. R. fl.

CHINA
Air. (Judin’s address to Chinese students 

on the development of China, published in 
this issue, presents a peculiarly interesting 
problem to the world today. In the times of 
ancient history, when civilizations could flour­
ish without means of inter-communication 
with other people, China reached a high state 
of development. During this period she did 
man}- notable things that have materially

In moilern litiic-,. \\ liib- "i Ip i ■ i.i' io' ’ 
been m h am ing. < ’Inna' i ir iron......  t 
liamlicappcd her <I«• v<-bi]»111<-i11 lb .........4
tn the in nt 11, ea>l , a 1 id s. >111 11 Ic. 1111. In io m ■ 
tain ranges anil iboirts, and lia'.in.' lor L 
neighbors. iinineiliately Ih '.hihI tin- । ..
uni}’ the ñu ,re I >ack ward pc >pb -. < if 1 to • 
she has been out of touch with the red of lie 
world. It is mil}' her western coa t tha 1 
washed by the ocean and this is her iiiu-' 
remote boundary from other civilizaf ions. 
but. at the same time, it must serve as her 
only inlet from the rest of the world. Ad'b । 
to these handicaps China developed so pussix e 
a spirit that she was exploited by man}’ 
nations.

We have am]>le evidence that China has 
undergone a great change in recent 'cars: 
for one thing she has become a democracy, 
and added to this she is now sending out her 
sons broadcast to other lands to learn science 
and engineering. We believe that these will 
prove the best kind of missionaries that any 
land has ever sent out, and we hope the}’ arc 
to play an important part in the future of 
their country by becoming leaders in her engi­
neering developments. I’he characteristics of 
the (’hiñese, coupled with adequate railway 
facilities, power houses, and industries run 
on modern lines, will, we believe, lead t< 
China taking the place that belongs to her in 
the sisterhood of nations.

J. R. II.
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The General Electric Company in the 
Great World War

PART IV. OTHER WAR WORK
By John R. Hewett

Editor General Electric Review

In Part» I, II and III of this story we have outlined some of the more important large war work that 
the Company did, but still have given no adequate idea of the immense total. In this issue we give some 
notes on other war work, mentioning some of the Company’s larger plants, but the reader can well imagine 
that the story is still far from complete when he realizes that the Company’s army of 65,600 men were 
devoting 95 per cent of their energy to work that was designed, either directly or indirectly, to end the 
war.—Editor.

After having written, in the last three issues 
of the Review, some memoranda concerning 
what at first appears as the Company’s most 
notable war work; such as the more important 
items of research, including the work done on 
submarine detection, X-rays, radio, electric 
welding, and other items, and the apparently 
larger and more important contracts such as 
those for turbines for ship propulsion, electric 
furnaces for various purposes and searchlights, 
the writer finds that he has not begun to tell 
the story of what the 65,500 war workers of 
the Company did. There is such a variety of 
work, and it is so far spread all over the coun­
try, that the truth is, it never will be collected 
together into an article or a series of articles. 
So perhaps the most practical way will be to 
give brief mention of st>me of the other notable 
work that was carried out in some of the Com­
pany's more important factories, dealing more 
particularly with special developments, and 
leaving any attempt to show how the Com­
pany- helped the country as a whole to carry- 
on its intensive war work to be dealt with un­
der the heading of General War and Industrial 
Activities.

Schenectady
Much of the special war work already cited 

was carried out at the large Schenectady plant, 
such as most of the research activities and the 
production of a great number of the large tur­
bines, gearing and searchlights. The large 
induction motors for battleships and cruisers 
were also made at the Schenectady- Works and 
other large induction motors were produced in 
great quantities for driving the powder dryers 
at the Dupont Powder Company’s plants.

Some small idea of the production of the 
Schenectady’ plant may be gained from the 
fact that it was using a thousand tons of cast- 
iron J. er week during the war, and that 40 car­
loads of finished products were leaving the 
factory daily. In this connection it should be 

pointed out that had pre-war methods of 
packing and loading been used rather than the 
new intensified method of loading, this figure 
would have reached SO carloads leaving the 
Schenectady- factory every day.

Schenectady’ did some most interesting 
work on the manufacture of submarine motors 
which called for much development work to 
meet the rigid requirements of so special a 
service. These were direct current motors and 
were quite powerful units presenting many in­
teresting problems in their construction; it is 
unwise to go into details, but there can be no 
harm in stating that the service conditions 
called for very’ rigid and special requirements, 
particularly so in the matter of insulation, 
lubrication and quiet running. The Company* 
met all the conditions imposed and were com­
plimented by the government officials for their 
achievements in connection with these motors. 
Twelve motors were actually built, and had 
the war continued in all probability* this num­
ber would soon have been increased to 44.

A special 70-kw. capacity generator was de­
veloped for operating tanks and gun mounts.

If each department could tell the story’ of 
its own war work it would be an interesting 
romance, but too long to read. The Switch­
board Department made so many panels that, 
although each was only- 24 inches wide, if 
stood up side by’ side they would reach for a 
distance of more than five miles; if laid end on 
end they would pave a sidewalk 100 miles long.

This department made many- special de­
velopment» during the war, one notable ex­
ample being the development of shock-proof 
switching devices for use on shipboard, that 
would stand battle service. These devices 
were perfected to a point where they would 
trip on the prescribed overload, yet would re­
main closed when subjected to a direct blow 
from a hammer.

Thirteen acres of floor space were always 
busy in fulfilling war orders for switchboards
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during the period of war, and no less than .10 
cars of switchboards left the factory every 
week. In common with practically all other 
departments some of the best men xvere de­
voting all. or part of, their time to helping the 
different government departments xvith their 
expert knoxvledge and advice. The Sxvitch- 
board Department should also be credited 
xxdth doing some special development xvork on 
a gun pointing mechanism xvhich gave promis­
ing results.

The Railway Eq^^nent Department de­
veloped a high voltage, high current, con­
tactor for coni r<tiling the pr<»pulsion motors on 
battle cruisers, battleships and cargo boats, 
special drum controllers for heavy army­
tractors, controllers for tanks and an elec­
tromagnetic coni vol system for submarines, 
as xvell as adapting many standard devices for 
the special requirement of the navy.

As is but natural, the engineers of the Poxver 
and Mining Department xvere making use of 
their varied exj eriences in the solution of xvar 
problems as xvell as supplying the country with 
apj»arai us t<»meet her im 1 ust rial needs. Indeed, 
some of the developments already cited and 
somestill to be xvritten of are either in xvhole, or 
in part, the xvork of this department. There 
aresome special xvar problems that they under­
took and solx cd xvhich call for special mention. 
Among these are the folioxvmg. The develop­
ment of motors for electrically-driven xvood- 
working machinery for making rifle stocks and 
air-plane struts, xvhich increased the < utput of 
rifle slocks fourfold over the old method, and 
increased the rate of making airplane struts 
in the ratio of eighty to one. A nexx- method of 
making adapters for gas shells xxas devised 
which absolutely seals the shell and met all the 
conditions required. Very important work xvas 
done in dex eloping a method for salvaging de­
fective shells, 'flu.' alone led to the reclaiming 
of an enormous number of shells which xvould 
otherxvise have been xvasted. Of course most 
xvork of this nature xvas done in co-operation 
xvith the engineers of the different government 
institutions. For instance, in co-operation 
xvith the Watervliet Arsenal, our engineers de­
veloped a method of salvaging gun parts which 
had been machined wrong or xvere defective 
from other causes. This xvork secured enor­
mous economies. As an example, a practi­
cally completed S-inch gun spoiled by a mis­
take m machining xvas salvaged in about half 
a day. The , stem developed for doing this 
xvork should find an extensive use. It is now 
being- used in many other arsenals throughout, 
the country.

Another very interesting engineering de­
velopment was that of the east steel anchor 
chain for merchant ships xvhich, in point of 
saving time, permitted the production of these 
chains 37 times faster than xvas previously the 
case. About 30,000 tons of chain are noxx- be­
ing made in this way. Particularly valuable 
xvar xvork xvas done in the development of cast 
steel guns, most of this xvork being carried out 
on the French 75 type. Tests are noxx- con­
tinuing and give every promise of success. If 
this method of making guns should finally 
prove feasible it would revolutionize the man­
ufacture of ordnance especially in the smaller 
sizes. Another development in connection 
xvith artillery xx-as the electric welding of gun 
liners, that is to say, the xvelding of the liner to 
the jacket in such a way as to prevent move­
ment xvhen the explosion takes place. It xvill 
be interesting to the reader to know that ap­
proximately half a million dollars’ xvorth of 
ammunition has been expended in testing 
several guns that the Company’s engineers 
xvelded and that in no case has a flaw occurred. 
Work xvas also done in developing a nexx- 
method of pressing in and out gun liners. This 
work also proved successful.

Perhaps one of the most novel mechanical 
developments undertaken by our engineers 
xvas a new method for broaching the rifling in 
cannon. Previously a given piece of xvork took 
a day- and a half, xvhile xvith the nexv method 
the same xvork xvas done in fifteen minutes.

A great deal of experimental work was done 
in such things as the centrifugal casting of 
electric steel for turbine discs, gears, etc., and 
on the development of heavy spot xvelders for 
the fabrication of ship parts.

The Illuminating Engineering Laboratory 
not only- fitted out a special testing ground for 
searchlights and did development xvork on 
high intensity- searchlights, but also did a con­
siderable amount of research xvork and photo­
metric testing for the General Engineering 
Depot of the U. S. Army. They also rendered 
considerable help by working xvith the Illu­
minating Engineering Societies Committee on 
xvar service in the solution of such problems as 
the lighting of aviation camps, flying fields, 
and protective lighting of various kinds.

Just t.o cite an example of how much xvork 
xvas done on some things xvhich are apparently 
standard products, it may be mentioned that 
the production of special cable for men-of- 
xvar xvas increased sevenfold betxveen April ■ 
and November, 1917, and for general navy­
purposes the monthly output of 200,000 feet 
xvent up to 1,000,000" feet. The call for xvire
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and wiring supplies was ince s sant and the 
facilities for production were strained to the 
utmost between July and the end of August. 
Wire and wiring supplies for sixteen canton­
ments were produced and installed. In all 
such work as this it often happened that a cer­
tain amount of development work was re­
quired to meet the special requirements.

Lynn
The Company’s large works at Lynn were 

carrying their full share of the burden of war 
work all the time. Among the particularly 
interesting war developments carried out at 
Lynn were some of a most scientific nature 
in connection with submarine detection ap­
paratus, concerning which we are not per­
mitted to publish details. They also de­
veloped a special motor for driving torpedoes, 
details of which musi not be given at present.

The Turbine Department at Ly nn was very 
busy in producing turbines. Some of this work 
has already been mentioned in connection xvith 
ship propulsion, but much of the develop­
ment xvork done in connection xvith turbines 
xvas not mentioned.

Lynn assumed an order for 210 especially 
designed 10-kw. turbo-generators for use as 
lighting sets in the Eagle boats. About 70 of 
these xvere delivered. A 50-kw. ship light­
ing turbo-generator set was developed for 
ships being built on the Pacific Coast.

Lynn did some interesting investigation 
xvork in connection xvith the Lombard cen­
trifugal guns and xvas also called into con­
sultation by the National Research Depart- ' 
ment concerning another centrifugal gun. 
Some of the engineers from Lynn did a great 
deal of xvork in connection with some of the 
problems of submarine detc 'lion, and much of 
the production work of the Nahant develop­
ments was done at the Lynn factory.

Among the other developments that Lynn 
undertook are to be found such interesting 
items as supercharge.- for airplane work, army 
ordnance projectile tests, the design of tur­
bines and mercury turbines for airplane en­
gines.

One contract that xvas assumed was of very' 
special interest, namely, that for the wholesale 
production of compasses for our airplanes. 
This xvas an entirely’ nexv development for 
America and the English design xvas altered 
to suit our manufacturing conditions. There 
xvere many special problems to be overcome 
in this work which was carried out by the 
Meter Department in Lynn. The work was 
entirely’ nexv to those x^( undertook it, but 

the call xvas very' urgent, and it is pleasant to 
record that the speed with which production 
folloxved the first inquiries astonished the 
officials in Washington. A shipment of 1000 
compasses xvas made before the contract xvas 
signed. The rate of production amounted to 
500 a xveek. One order for 10,000 compasses 
xvas completed and of another order for 20,000, 
1300 were completed xvhen the armistice xvas 
signed.

The Meter Department at Lynn also de­
veloped a compass for use with trench signal 
lamps and undertook to make 2000 daylight 
signal lamps for signalling from ships to 
airplanes. These devices were similar to their 
English prototypes, but of course a consider­
able amount of work xvas necessary before the 
parts could be produced according to Amer­
ican manufacturing processes.

Hot wire thermo electric elements were 
developed at Lynn for radio work which weie 
capable of measuring frequencies of between 
2000 and 3000 and such instruments were 
actually constructed, also a very small hot 
wire instrument of an English design xvas pro­
duced. One order called for 3300 of these in­
struments.

Mention should be made of the xvork of the 
street lighting department of the Lynn ‘fac­
tory. Of course it must be understood that a 
great deal of this development work xvas done 
in conjunction with the government depart­
ments who required this special apparatus. 
They designed a special headlight for army’ 
trucks and made about 2000 of these and also 
designed a headlight for the Liberty' truck, 
making about 1200 of the reflectors, the regu­
lar automobile headlight manufacturers mak­
ing the other parts.

The proper lighting of aviation fields called 
for a lot of xvork which was carried on in con­
junction with army representatives. The 
Company designs for lighting outfits for this 
work, which comprised large projectors 
mounted on 11-inch tripods, xvere accepted 
and 864 were ordered. Some novel and useful 
development work was done on the lighting 
equipments for airplanes for night flying. 
This xvork was carried out in co-operation xvith 
army officers. An equipment was arranged for 
range and landing lights which resulted in the 
Company being asked to make 6000 devices 
and to supply' 21,000 incandescent lamps.

Signal projectors of various types received a 
great deal of attention, especially those for use 
in trench and airplane land work, also for 
naval applications both from the water and 
aircraft. The Company took a trial order for
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350 6-inch projectors using a 6-volt 2-ampere 
incandescent lamp connected to a dry bat­
ten through an ordinary telegraph key. It is 
interesting to note that with this device com­
munication can be carried on in daylight for 
distances of from 3 to 5 miles.

Investigations were also carried out on a 
suitable projector for submarine chasers.

A great deal of work was naturally done on 
the illumination of government and industrial 
plants. Some of the special searchlight de­
velopments have already been mentioned.

Erie
The Company’s Work.. at Erie, where quite 

a lot of the important work already mentioned 
was carried out, like some of the Company’s 
other plants, were busy at war work for the. 
allied cause before America entered the war, 
having assumed extensive contracts for the 
machining of shells.

No sooner had America entered the war 
than Erie received its first order from the 
government for 20(1 25-kw. gas engine electric 
generator sets. The rate at which these were 
required called for a production of 40 units 
per month, and eventually Erie was asked to 
assume the production of 80 per month.

We have already cited the work done at 
Erie in the rapid production of geared tur­
bine sets for the propulsion of torpedo boat 
destroyers; this and so much of the other work 
must largely be classed as development work 
as so much had to be done to meet the special 
requirements.

Four hundred railway] motors were made at 
Erie for equipping the lines running between 
Philadelphia and the. great Hog Island ship­
yard, and besides this the Railway Motor De­
partment developed a 25-ton and a 15-ton 
storage battery locomotive for the Newport 
News Shipbuilding Yard. This work was 
done tor the Nax y Department.

A large amount of work was done at Erie 
toward the development oi a special type of 
oil engine on listener boats in connection with 
the anti-submarine campaign. Gas electric 
trench locomotives of 1 1 tons and 60 tons 
capacity were laid out and propositions made 
for the government, and it is likely that much 
work would have been assumed in this direc­
tion had the war continued.

Fort Wayne
The Fort AWfint Works did some very in­

teresting work, in conjunction with other.-, in 
building 103 winch drives for ont rating cap­
tive ballons from the ships, as it is now gen­

erally known balloons attached to ships did 
valuable service in hunting submarines as well 
as in directing gun fire at the battle front. 
They also made 2600 bomb releasing mechan­
isms for the I'. S. Government. These devices 
are used on bombing planes and provide for 
releasing 10 bombs, five, carried on each side, 
the bombs being dropped alternately from 
either side to preserve balance. It. is gratify­
ing to note that this entire order was accepted 
without one device being rejected.

Many dynamotors and motor generating 
sets were also built by the Fort Wayne factory 
for special war purposes; for instance, 4C0 
navy* type dynamotors were made for the fly­
ing boat service, 100 dynamotors were 
furnished the navy for supplying the current 
on hydroplanes for both the wireless telegraph 
and telephone, as xvell as for providing current 
for both day’ and night signalling dexnees, 
land lights, and for the heating devices used 
in aviators’ garments. The Marconi Wireless 
Telegraph Company xvas supplied with 6.50 
dymamotors for seaplane service, and Fort 
Wayne also built 600 lighting generator sets 
xvhich xvere used by the Emergency Fleet for 
ship lighting and radio work.

A large number of amplifiers used in con­
nection xvith submarine listening devices were 
made at Fort Wayne xvhich included various 
combinations of transformers and pliotron 
tubes. In addition to these, a large number of 
motor driven condensers and dymamotors 
xvere made for wireless xvork.

Another distinctly new development, xvhich 
the Meter Department at Fort Wayne under­
took, was the manufacture of ship logs for the 
Emergency Fleet. The original contract 
called for 5000, but was subsequently reduced 
to 2500. Fort Wayne, made the entire device, 
xvith the exception of the cord. Like all of our 
other factories, ovel and above the special 
xvork which Fort Wayne did and which in­
volved the usual amount of engineering xvork 
incident to undertaking work of this nature, 
they* were at the same time very active xvith 
their standard products and carried their full 
share of the load in supplying such large ap­
paratus as synchronous motors, battery’ 
charging sets, crane motors, a great number of 
ice making machines, 175 of xvhich were used 
on submarines and destroyers, a large number 
of lighting sets, motors, radio apparatus, rock 
drills, transformers and turbo-generators.

Pittsfield
The Pittsfield Works, although primarily’ 

engaged in filling large orders for their stand-
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THE GENERA!. ELECTRIC COMPANY IN Till. GRLAI WORLD WAR

ard products on direct go\iinmvui order-, 
and priority orders lor such important thing , 
as transformers, regulators, lightning ar­
resters, choke coils, motor lonip-nsalor­
reactances, fan:-, submarine ranges and othvi 
heating devices and controllers, also did such 
specific wur work as making 27 .(too gas check 
pad conf.tiners for the I'. S. Government; for 
tl'.e British Government 7511,000 gaines; for 
the British Thomson-Houston Company ;i;>- 
proximately 5(1.011(1 molded parts for mag- 
netoes; for the Russian Government dlD.SIHI 
three-inch shell cases and parts for tt half 
^Hlion fuses.

To cite just one example of how these stand­
ard products were helping the great tasks of 
the country all the lime it may he noted that 
the Company furnished 20,000 electric fans 
to the Emergency Fleet Corporation and 
10,000 to the U. S. Navy for battleships, sub­
marines. submarine chasers, destroyers and 
shipyards, etc. Many thousands of fans xvere 
furnished the army cantonments, base hos­
pitals, Red Cross, etc., etc. Fans also wire 
supplied in enormous quantities to plants and 
factories of all kind and xvere thus doing their 
mite in stimulating the production of muni­
tion factories, powder mills, woolen mills, 
packing plants, and shoe factories, and found 
a host'of other applications in adding comfort 
and giving better ventilation for the war 
workers throughout the length and breadth 
of the land. These fans were made at Pitts­
field.

Sprague Works
Again the Sprague Works, like all our other 

factories, was doing its full quota to help win 
the xvar very largely by supplying its output 
to the different divisions of the War Depart­
ment for use both in this country and by the 
American Expeditionary Force in France. 
Large quantities of conduit material were 
used by the U. S. Navy and the Emergency 
Fleet, and like so much of this work, the spe­
cial conditions required a certain amount of 
development xvork on otherwise standard prod­
ucts. Great quantities of conduit material 
were used on the transports which carried the 
American army across the ocean and on cargo 
vessels as xvell as on the fighting ships of the 
navy such as battleships, destroyers and sub­
marine chasers, and much of this same product 
went to the War Department for its munition 
plants, cantonments and warehouses. To 
meet the special requirements of the U. S. 
Signal Corps large quantities of especially 
covered cable were made for signalling in the

board of -.pn ial in!erc-.t wa . dm. ' loo> <l i 
on tli< I'. S Naxw lix droplam- lor '-on' o 7 I' ■ 
the light». .-eardihght-. and the d- "
1 eao-<l elo-hes that ! In- pilot - a-d ob - 
nax-y planes wore

About eight y per cent of t he elect ric ho; • 
made at tin- Spragim Works were u > 4 tor 
special war purposes in shipyard-, motor 
truck, and airplane factories, dienmal work-, 
railroads, poxver plants and by foo l producer» 
Large numbers were med in navy yard- and a 
small electric xxindi xx'as developed lor rai-mg 
and loxvering the periscopes of submarine-. 
Ninety-eight per cent, of the dynamotors 
made by the Sprague Works were used for xvar 
ourpo 1 and we find such interesting me - -
lions as dynamotors for testing the engines of 
airplanes and those used by the Bureau of 
Standards and the Extierimental Station at 
McCook field and at other plants engaged in 
important xvar research work. Sprague d . na- 
motors xxn re used in the development of the 
l iberty engine, several plants building these 
engines having installed these dynamotors for 
their production testing. They also found 
application in a host of other xvork such as the 
testing of U. S. Standard trucks, tract >r en­
gines for heavy artillery, engines used in army 
tauks and for testing engines f<>r tra<-t<>rs which 
were being constructed to help xvith the inten­
sive production of food products.
Lamp Works

Of course all of the Company's lamp works 
were busy turning out their standard products 
as well as helping wherever they could by do­
ing special xvork for xvar purposes. In fact, 
this is a most striking example of how the 
Company’s manufacturing activities were all 
the time helping others to do their ’ it. Dur­
ing the first nine months of HRs they made 
103.001),DUO incandescent lamps of the larger 
sizes. If we include all sizes the production of 
these nine months amounts t ■ 148.000.000 
lamps. Who can estimate what this contribu­
tion did toxvard helping the whole country­
speed up its xvar xvork? The Company was 
employing more than 16.000 people in helping 
to light the xvork shops, offices, camps, homes, 
etc., of America during all this period.

1 .To be continued 1
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A New Form of Tank for Static Transformers
By W. S. Moody'

Engineer, Transiormer Department, General Electric Company"
Tlie conservator type of tank for static transformers is a particularly valuable development as it simul­

taneously accomplishes'three purposes that increase the. reliability of the unit. The entrance of moisture into 
a trans ormer reduces the dielectric strength of the insulation, the collection in the top of the tank of any com­
bustible gases produ. cs an explosion risk, and the contact of the hot oil with air causes the oil to sludge and the 
operating temperature to be increased. The author explains in detail how the new form of tank reduces to a 
minimum the possibility of moisture entering, removes any combustible gases as soon as formed, and prevents 
the ho* oil from coming into contact with air.- Editor.

Moisture
Entrapped moisture is -lerhaps the gr< at - 

est deleterious agent affecting high-grade in­
sulation. The presence of an exceedingly 
small amount of moisture will reduce the 
dielectric strength of solid insulation to a 
mere fraction of its original value, by so 
changing the distribution of the dielectric 
stress as to cause a failure of what would or­
dinarily be a dielectrically strong structure.

In the early days indoor transformers were 
not even encased" and outdoor transformers 
were placed in eases that were water-proof 
only under favorable conditions. As operat­
ing potentials increased, the necessity for a 
greater degree of protection against moisture 
was met by the use of oil and later by the 
impregnation of the fibrous insulation with 
moisture proof com pound previous to the 
immersion of the transformer in oil.

The sensitiveness of oil to water has long 
been known; the effect on the dielectric 
strength being shown clearly in Fig. 1. Satis­
factory transformer oil when shipped from the 
factory should stand a test- ot at least 22 kilo­
volts between one-inch dises spaced 1 10-in. 
apart and is unsatisfactory for high-voltage or 
large transit miners when the dielectric strength 
is less than 75 per cent of this value: that is, 
when it is below IliW kilovolts. By reference 
to the curve it will be not' 1 that oil of the 
standard strength, that is, 22 kiloy oils, should 
have not more than eight parts of water in one 
million parts of oil; and that the addition of 
10■ parts of water giving a total of 181 2 parts 
per million will reduce the dielectric ^^ngth 
to the lowest permissible limit. With in­
creasing capacity and higher voltage, the 
necessity of almost absolute protection of oil 
against moisture was appreciated. With the 
demand for outdoor installations the details 
in design of tank, cover, and lead construction 
xvere developed to avoid the possibility of the 
entrance of snow, rain, or merely atmospheric 
moisture.

Evidently the most completely effective 
method of accomplishing the necessary pro­
tection against moisture is to have the tank 

cover and terminals air tight. This requires 
not only an expensive tank construction but 
also a large idle space air filled above the oil 
level to limit the possible internal pressure 
due to the expansion of the oil resulting from 
increase in temperature.

Fig. 1. Effect of Water on Dielectric Strength of 
Transformer Oil

Explosion
Due. to chemical action in the transformer 

oil, caused by arcing or static discharges or 
heavy overloads, combustible gases (mostly 
hydrogen and light hydro-carbons) are some­
times set. free, and in the ordinary tank these 
gases mix with the air above the oil so that a 
highly" explosive mixture may be formed. 
This gas may be ignited by sparks of a static 
or dynamic character occurring along the 
leads, causing a dangerous explosion. While 
all General Electric high-voltage leads are 
provided with grounde^fthields that make 
this impossible under ordinary' circumstances, 
an abnormally low oil level may expose the 
transformer terminals thus neutralizing the 
protection of the shield^H

Sludging
Hot oil, even if carefully selected, will very' 

slowly' decompose when in contact with oxy­
gen, and a precipitate will be thrown down. 
This liecomposition or sludging, while it does
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TRANSFORMER OIL

Test at 130 deg. C. for 18 days

Natural Oil
Before Heating

B
Air Excluded 

from Hot Oil

C
Air in Contact 
with Hot Oil

Fig. 5. Effect of Air on Hot Oil
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not afi’cct the dielectric strength of the oil. 
increases the viscosity and thus retards the 
transfer of heal from the core and coils to the 
cooling surfaces. Even more deleterious is 
the fact that the deposit settles on the coil 
surfaces, in the ducts, and on the cooling coils. 
This acts as a heat insulator on all surfaces and 
also will in time clog up 
the duets.

The result is that the op­
erating temperature gradu­
ally increases with conse­
quent acceleration of the 
sludging. The remedy is 
found, first, in a method 
of oil refining that mini­
mizes this action and. sec­
ond. in a periodic renewal 
or filtering of the oil and 
thorough cleaning of the 
core and coil surfaces. The 
oil regularly supplied with 
General Electric transit>rm- 
ers is of such a quality as to 
pract ically exclude sludgi ng 
under normal conditions, 
yet continued service with 
occasional overloads will 
eventually produce sludge.

An exhaustive series of 
tests has demonstrated that 
when air is not present the 
oil can be operated continu­
ously at a temperature that 
would prove disastrous if 
air were present, with prac­
tically no sludge resulting.
Fig. 5 ion colored plate insert) shows the re­
sults of one very severe test where the oil was 
subjected to a temperature of 13b deg C. for 
IS days.

Sample .1 shows the natural color of the oil. 
Sample B shows that when air was not 
present no sludge resulted—only a slight dis­
ci duration taking place. Sample C shows 
that when air was in contact with the oil a 
heavy sludge was produced. This test is rep­
resentative of many others, and shows con­
clusively that for any permissible temperature 
sludging will not take place in oil so long as air 
is excluded.

Until recently, the most generally accepted 
solution of the problem provided for a), the 
use of a tank substantially air tight at all 
joints with a single vent or breathing point 
for the interchange of air between tank and 
the outside atmosphere; this opening being 
connected by a vent pipe to a chemical dry-

Fig. 2. High-voltage Side of a Larger High- 
voltage Three-phase Transformer 

Provided with Oil Conservator

me chamber lo remo- ■ ■ inu om ’■ .
I >a '''ing t hr, High it. 1 b i m o'o | • M .i o .
111 < ■ oil let el. mid । i t he ' .p< i m st • c I . oi • 
serval i vc I empi rai tin ri ।

This c< nisi rm l ion. um d n • i i ; 1 o I• 
a.adable, has the lollov.mc po ibihm P .r 
impr< tvemcni.

Fig. 3. View showing Conservator and 
Method of Support

(1 ) An immediate indication of the oil­
tightness of all joints thus insuring absolute 
protection against the entrance of moisture.

2) The elimination of al' air space between 
the cover and the oil level.

3) The reduction in the amount and tem­
perature of the oil in contact with the air.

The indication of oil-tightness of joints will 
be a source of assurance to any < >] erab >r of, >ut- 
door units. The elimination of the air space 
will insure protection against explosion due to 
the ignition of this atmosphere from , ■ c a t>r 
static between live parts and ground. The 
coolness of the air-exposed oil an 1 the small 
surface in contact with the air will avoid the 
possibility of the oil sludging.

These refinementsiii tankc obstruction, which 
will materially reduce the possibility of failure 
even of apparatus as reliable as the best trans­
formers. are all found in a valuable but simple 
addition to transformer tanks now extensively



Initial Installation of Transformer Provided with 
Oil Conservator, at Laurinburg, N. C.

Outdoor Installation of Conservator-type Transformers of the 
Virginia Railway and Power Co., Richmond, Va.



70S 
O

ctober, 1919
G

EN
ER

A
L ELEC

TR
IC

'
R

E
V

IEW
V

ol. X
X

II, N
o. 10View of Transformer Bank No. 1 at the Canton Station of the 

American Gas and Electric Co.



A NEW H »RM ()!• T.WK Ft »R STA TH TRAXM * >R Ml.I-'

Used I >y I he (¡eneral Elect l ie ( '< >. riu-.ilexiif 
^Bimetimes called I he < >il (’, mseiA alof Fig . 
2 and .'I show the general appearance of con 
serva tor-type transformers.

The engineers of this Companx have been 
testing this "tiservator const fuel ton in service 
during the past three xaars and are now gen­
erally recommending it for all large outdoor 
units. The conservator consists j>rimaril_v of 
an ^Biliary tank connected to the t<>p of the 
main transformer tank by a suitable pipe an«l 
mounted somewhat above the level of the oil 
in the main transformer tank. When the 
auxiliary tank is supplied xvith oil the main 
tank and connecting pipe are completely 
filled, and the only oil that comes in contact 
with the air is that in the conservator. This is 
shown diagramirati^w in Fig 9.

The size of the conservator tank is governed 
by the expansion and contraction of the oil 
due to its changes in temperature. At the 
lowest operating temperature, the oil must not 
contract so as to alloxx- air to enter the main 
transformer tank, and at the maximum operat­
ing temperature the oil must not overfloxx- the 
conservator. Transformer oil increases in 
volume about 4 per cent xvith a temperature 
rise of 50 deg. C. and this with other necessary 
alloxvances brings the volume of the auxiliary 
conservator tank to about 8 per cent of that 
of the main tank. In practice, various re­
finements and auxiliary devices are provided 
such as suitable oil gauges, oil valves, chloride 
breather, and sump.

Even a superficial consideration xvill shoxx- 
that this simple equipment fulfills the general 
requirements previously enumerated and a 
closer study reveals the fact that, even in de­
tail, a better solution of the problems in­
volved could hardly be desired.

Transformer Tank Completely Filled with Oil
The fact that, except through extreme care­

lessness of the operator, the transformer tank 
xvill alxvays be completely filled xvith oil has 
many advantages. The reduction in the 
necessary size of the tank, and consequently 
of the bushings, has evident advantages. The 
elimination of the air space is of greater im­
portance because xvith it is eliminated the 
chance of an explosive mixture of gas and air 
being trapped above the oil, for xvith the oil 
conservator any gas that may form immedi-

Fig. 9. Diagrammatic Sketch of Oil Conservator 
Connected to Transformer Tank

transformer tank, there is no circulation ami 
the interchange of oil is limited to that due to 
the gradual expansion and contraction of the 
whole body of oil. The result of this is that 
the oil in the conservator is only slightly 
xvarmer than the outside air. To cite a typical 
lest on a !>5,(MKI-volt conservator-type trans­
former of 3()0()-kv-a. capacity: the oil in the 
main tank reached a temperature of 73 deg. 
C. while the oil in the conservator was only 
38 deg. C. Since the ambient temperature 
was 24 deg. C. the temperature rise of the oil 
in the main tank xvas 19 deg. C. against 14 
deg. C. for the oil in the conservator- three 
and a half times as great a rise. The impor­
tance of this on the sludging of oil can hardly 
be over estimated.

Figs. 4, 6, 7, and 8 are ^■tallation views 
that give some idea of the appearance of 
the conservator-type transformer in service. 
Fig. 4 is of especial interest as it shows the 
initial installation of the oil conservator in 
1916 at Laurinburg, Nc^S Carolina.
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Methods for More Efficiently Utilizing Our 
Fuel Resources

PART XXX. *NATURAL  GAS (Cont’dj
By Samuel S. Wyer

C^Mvlting Engineer, Columbus, Ohio

The first uistallment of this article on natural gas appeared in our August issue and described the methods 
employed in producing, transmitting, and distributing the gas. The present and concluding installment treats 
of the wastes of gas involved in these operations and in the present method of manufacturing carbon Jack. 
These wastes are attributed to the present low price of the fuel; and the conclusion is drawn that Idequate 
conservation will be brought about onk by raising the price. Such a procedure would render profitable the 
expense that would have to be incurred by the utility company to save its wastes and would induce the con­
sumer to use the fuel efficiently - Editor.

WASTE AND CONSERVATION OF 
NATURAL GAS

Definition of Conservation
True conservation is not hoarding, but the 

wise use of natural resources, and it implies 
not merely the preserving in unimpaired 
efficiency, but also a wise and equitable 
exhaustion with a maximum efficiency and a 
minimum waste. The heart of the natural 
gas conservation problem is the conflict 
between the present and the future. The 
individual land owner is interested primarily 
only in immediate present personal returns. 
That is, he is thoughtless and indifferent with 
respect to the future. The public- at least 
the 2.000,000 domestic natural gas consumers 
and the 10,000,000 people dependent on 
natural gas for their cooking, heating, and 
lighting purposes—are interested in conserv­
ing the supply and bringing about a slow, 
wise, and economical exhaustion, so as to 
insure continuity of service for the future.

Conservation, therefore, demands intensive 
rather than extensive use, takes cognizance 
of equitable distribution, aims to bring about 
social justice, and means the greatest good 
to the greatest number -and that for the 
longest time.

Most of the supply and service problems 
of today are Ilie inevitable result of waste in 
producing and handling natural gas. The 
annual reports of the conservation committee 
of the Natural Gas Association of America 
are slinging indictments of a criminal system, 
fostered by both the gas companies and the 
public, that has resulted in wasting more gas 
than has ever been utilized.

In West Virginia only’ eight years ago not 
less than 500.000,000 cubic feet of this 
precious gas xvas daily’ escaping into the air 

* The first portion of this article was published in our August 
issue.—Editor.

from txvo counties alone, practically’ all of 
xvhich was easily preventable by*  a moderate 
expenditure for additional casing.

The various forms of waste may be grouped 
under drilling, well operation, transmission, 
and utilization operations.

Drilling Wastes
1. Ami closing wells promptly.—Much gas 

is xvasted on account of delay  in closing xvells, 
caused primarily by poor judgment and 
failure to supply material promptly. In many  
cases the rock pressure over quite a district has 
been materially lowered by  the delay in closing 
promptly a single large xvell in that section.

*

*

*

2. Improper casing.—There is much under­
ground waste by improper casing methods 
which allows gas or xvater to migrate from 
their original strata into other strata. This is 
an especially important feature in the West 
Virginia fields, where in many  instances 
several gas-bearing formations are super­
imposed xvith intervening barren formations.

*

3. Waste of gas to air.—As a result of 
improper casing methods gas frequently 
xvorks up around the packer or into the casing 
above the packer and is xvasted in the air.

-1 . Gas waste in well-drilling boilers.—Mod 
gas burning appliances used in xvell-drilling 
boilers are crude and inefficient, and the gas 
is handled as if it had practically no value and 
were of little use to other people.

5. H’asic of gas in torches.—A large number 
of open flame (flambeaux) torches are still in 
use. Not only is this an inefficient and there­
fore wasteful method of securing illumination 
at night, but in many  instances the torches are 
not shut off during the day.

*

6. Offset wells.—The drilling of offset 
xvells is not only frequently’ a xvaste of capital, 
liut very' frequently results in marked xvaste 
of gas.
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7. Improper f'liti-e;ht; WIkiv a well i
abandoned and the lasim', pulled, if the hole 
is not properly plugged, it may result in the 
ruination of other gas bearing format ions bv 
the migrating of ga or water from one to the 
other, or the verv great waste of gas Ivakitii' 
into coal veins or coming up and passing out 
into the air.

Well Operation Wastes
1. II listing gas to get ¡\'\' Where oil and 

gas are found in the same field it is quite a 
general practice for oil operators to blow off 
the gas. that is. waste it, in order to procure 
the oil. This is the principal cause of the 
depletion of many gas fields, and is responsible 
for a greater volume of gas waste than 
probably all other causes put together.

In tests on over 100(1 oil wells in West 
Virginia it was shown that the waste of 
natural gas of each well was at the rate of 
12 M cubic feet a day. or 43so M cubic feet 
of natural gas a well per annum. There are 
at least 16.000 oil wells in Wes' Virginia, and 
at this rate the annual waste from this source 
would be at least 70,000,000 M cubic feet of 
natural gas. equivalent to about one third of 
all the natural gas used for domestic con­
sumption in the United States

2. EtifssaT blowing.--Where wells are 
bloxvn into the Wtmosphere for water freeing 
purposes the gas must, of course, be wasted. 
However, in many cases the wells are blown 
longer than necessary, and in others it would 
be feasible to install siphons for the removal 
of the water so as to curtail this form of waste.

3. Suh water troubles.- -In some instances 
salt water exists in the gas-bearing formation 
and in others it works in from other strata, 
due primarily to improper drilling and easing 
methods. This results in a large waste of gas 
when the wells must be watered to free them 
of the salt formation beloxv in the tubing.

4. Too rapid lowering of the rock pressure.— 
The irregular or too rapid lowering of the 
rock pressure by exceedingly rapid production 
will always produce undesirable operating 
conditions, and must ultimately result in a 
large waste of the total amount of gas that 
might have been removed with more rational 
operating methods.

Transmission Wastes
1. Leakage.—The structural conditions 

accounting for much of the leakage along gas 
lines are discussed later under the heading 
"Gas Leakage." 'I'he leakage in the con­
sumer's house piping beyond the meter is

3. blowing drip'. If the ca-ob ne and 
water v;i|inrs arc not removed by «Irvi: He 
gas. considerable gas mu-’ be wa^lo] v.G-n- 
these vapors, after they have been pr< ■ ipi- 
tatvd in liquid form, must be blown out alone 
the transmission system. The installation of 
gas drying plants xvill therefore praticali’.’ 
eliminate this form of waste in addition to 
const r Wig the gasolene.

Utilization Wastes
1. Fat rate. Much natural gas is still 

sold at it flat rate of so n uch p< r consum r. 
or so much for each lire < r other lixutre. This 
'puts a premium on waste and results in the 
destruction of an enormous amount of gas 
that might be conserved for more intelligent 
and appreciated future use.

2. (heap gas lor manu'acturing. -When 
nBural gas is sold at low pri< es for industrial 
use. there is no incentive to u<e the gas in an 
efficient manner, and it is therefore quite 
frequently used without regard to efficiency 
or conservation. This is probably the largest 
form of waswin connection xvith utilization oi 
natural gas.

3. Free gas.—In many cases boom t< wns 
in the gas fields have held out the inducement 
of supplying either free ga< or the gas has 
been sold at ridiculously kw : rice's for 
industries that xvould locate there. This 
feature has been especially troubles' me in 
West Virginia and has resulted in depriving 
many domestic consumers of an adequate 
supply of the best fuel available for household 
use.

In an extensive instigation the : unt 
of gas consumed by domes:: consumers in 
West Virginia having free gas service privi­
leges. on account of having ga< '.veils cr gas 
lines on their farms, it was : und that the 
average consumption per free consumer a 
year xvas 4s(i M cubic feet. Titis is xvaste of 
at least 33(1 M cubic feet for each free con­
sumer a year. There are at least 4401» free 
consumers in West Virginia, and at this rate 
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of waste this item alone amounts to 1,540,000 
M cubic feet a y ear. This is more than half 
the amount of gas used in L, uisville.

4. Carbon black.—This is a form of im­
proper use rather than absolute xvaste. The 
carbon black industry in West Virginia uses 
50 per cent more gas than is furnished to all 
of the domestic natural gas consumers in that 
state.

5. Inefficient use.—In many eases natural 
gas is used without mixers. The marked 
difference between the use of natural gas in 
the tire pot of an ordinary coal furnace and a 
correctly designed natural gas furnace, and 
the cooking stove and lighting efficiencies, 
emphasize the need of improvements in gas­
using appliances.

6. Thermostat control.- -Thermostats for 
controlling house-heating appliances are out 
of the experimental stage, and the large 
number in use demonstrates their reliability 
and usefulness. In addition to ministering to 
the comfort of the house occupants, they aid 
very materially in conserving the gas con­
sumption by preventing overheating. Where 
natural gas is sold at low prices the practice is 
still all too common of lowering the tem­
perature of an overheated room by opening 
a window rather than by lowering the gas fire.

7. Discount for low pressure stimulates 
waste. - This has the immediate, practical 
effect of lowering the price of gas during the 
peak load period and stimulates xvaste, for the 
xvell-known human nature reason that what 
is made cheap xvill not be saved.

Offset Wells
After a well has been drilled on one farm, 

the term “offset well,” in a narrow sense, 
means a xvell drilled on a contiguous farm, 
directly opposite from tie first xvell and 
substantially*  the same distance across from 
the farm line.

It is not necessary in all cases that the 
offset well be either directly*  opposite to or the 
same distance from the property*  line as the 
xvell that it is to offset. Thus one xvell may*  be 
an offset to txvo or more contiguous wells. 
The offset xvell is drilled lor purposes of 
protection.

In gas territory the lessee may sink many xvells 
and rnd gas in them all, but he ean utilize only 
such o: them as have a volume and pressure sufficient 
to enable him to transport the gas through his line 
and deliver it to the purchaser. If no one of them 
has the requisite pressure, then none of them can 
be utilized and the lessor is entitled to no royalty. 

* Pennsylvania Supreme Court. McKnight versus Manu- 
t'acturers Natural Gas Co. (l ib Pa. St., p. 185.)

What is the proper way to operate a gas lease is 
therefore a question beset with some difficult®Iis 
settlement requires some general knowledge of the 
business and some knowledge of the local field. The 
lessee may have a good well, from which he can 
utilize the gas with profit. He may put down 
another on the same farm and so reduce the pressure 
in the first as wholly to destroy its value, without 
getting a sufficient pressure at the second to enable 
him to utilize that. The gas, if coming from one 
well, would be of great value. Divided in such 
manner that the whole volume and pressure at each 
is below the necessary standard, the whole is lost.*

It is a matter of common observation in 
natural gas mining that offset xvell locations 
are frequently dry holes. This is because most 
natural gas pools are not strictly continuous, 
but are made up of many*  small local pools, 
frequently surrounded in whole or in part by 
a gas rock of low porosity. For this reason, if 
a producing xvell has been drilled into one of 
these small gas pools, there is a large chance 
that the offset well location may*  go beyond 
the limits of the pool and therefore be a dry 
hole.

The fact that offset natural gas wells are 
frequently of lower capacity than the xvells 
that they offset may be accounted for as 
follows:

If the offset well is drilled at the extreme 
edge of a small local pool its capacity would 
naturally*  be smaller than the original well 
drilled more nearly*  in the center of the pool. 
Furthermore, xvhen the first well is drilled into 
the pool the rush of gas has a marked tendency*  
to open up numerous channels of loxv resist­
ance so that the gas in the sand can get to the 
well opening with a minimum of friction. 
The high initial rock pressure aids sub­
stantially in first creating such lines of least 
resistance and then in freeing them of loose 
particles of sand which are blown out through 
the. well. Even though an offset well is after­
wards drilled in the same pool, the initial rock 
pressure will probably be lower than for the 
first xvell, and the lower gas pressure wil not 
be near as likely*  to produce favorable condi­
tions for floxving to the bottom of the offset 
xvell as xvere produced in the first well.

The crux of the entire “offset well-drilling 
question” is xvhether the decision to make 
the additional investment, providing the 
increased annual operating cost and cutting 
doxvn the reserve acreage, shall be made by*  
the farmer—with no risks involved and no 
obligation to the public—or the party*  who 
must provide the money, assume the financial 
risk and operating duty. All of such increased 
burdens represent an unnecessary xvaste which 
will ultimately be paid for by the public.
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The following analysis give, the reason, lor 
the drilling By one company of Il"J wells m 
West Virginia during l‘.t|C>, and emphasizes 
the offset well burden, as well a the large 
number that were drilled on the demands of 
t he lessors.

Reason for Drilling No ol Wt !s

To saw lease . 96
I >tlset...........  6s
Ear oil... , I
For gas. . . .’>2
Wildcat....................... I
Requirements of lease 5
Demand of lessors. . . l.tu

Total..............  . 42'.>

Gas Leakage
The difficulty in keeping gas joints tight is 

not ordinarily appreciated and results in an 
enormous waste from defective joints and 
minute openings in gas-carrying equipment. 
The laws of gas leakage may be stated as 
follows:

1. The relative leakage tendencies of two 
fluids under the same conditions are inversely 
proportional to the square roots of their 
densities. Natural gas has a density of about 
0.64. That is, the leakage tendency of natural 
gas will be 1-1-0.S = ] .25 times that of air 
under similar conditions. Water has a 
density M9.5 times that of air; hence the 
leakage tendency of natural gas is much 
greater than that of water at the same 
pressure. This accounts for the universal 
difficulty in keeping gas confined.

2. The quantity of leakage through a 
given opening will vary directly as the square 
root of the differential pressure.

3. Amount of leakage is independent of 
the quantity or velocity of ras passing 
through the main.

A typical gas main joint coupling, as shown 
in Fig. 12, has four surfaces adjacent to the 
rubber where leakage may be possible. ()n a 
16-inch main each coupler presents about 17 
linear feet of potential leakage surface. The 
magnitude of this in a large s stem is evident 
when we consider that about 27(1 couplers will 
be required to the mile, thus making 4590 ft 
of possible leakage surface.

Welded gas mains are coming into use. but 
the welded process can not be used except on 
new work or in main line installations where 
the entire line can lie shut down and drained 
of gas before welding.

* U. S- Geological Survey Statistics. Natural Gas in 1916. 
p. 662.

t J. B. Garner. "The Chemical Possibilities of Natural Gas.-' 
Paper, Natural Gas Association of America. Pittsburgh meeting, 
May 23. 191 x.

Ciiibou Blue k Manufacture

Fig 12. Longitudinal Section of a Natural Gas Pipe 
Coupler showing Four Possible Leakage Joints

Carbon black is now made by the wasteful 
process of incomplete combustion of natural 
gas. That is, the gas is simply burned m the 
open and the fame impinging against a 
metal plate makes the black deposit. From 
11 s to 11 o pounds of carb< >n black an made to 
each M cubic feet of gas burnt 1. The only 
product obtained is the carbon black, and this 
utilizes only a very small percentage of the 
total carbon content of the gas.

The total annual quantity of natural ¿¡as 
used for carbon black manufacture is more 
than 26.000.000 M cubic feet. This wastes 
about 10 times as much gas as was used in the 
city of Louisville. < r 'he equivalent of one 
eighth of the domestic natural gas - n- 
sumption in the United States.

Dr. J. B. Garner, of th’- Mellon Institute >f 
Industrial Research. Pittsburgh. Pa., has 
demonstrated that with correi tly designed 
apj liances the yield of carbon black can be 
made three times as high as that usually 
obtained and in additim save a usable 
commercial gas.t

Carbon black manufacture may be more 
attractive than pub', utility service for the 
following reasons

1. It is not subject to the many ; hases of



Fig. 13. Two 4-in. Pipes Wasting 5,000,000 Cu. Ft. of Natural Gas in Order to Get Oil

Natural Gas Main Line River Crossing Under Construction
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public regulation thal contiM (he m.irkiim 
of natural gas as a ]>111 >11« in ihi \ .(-niir

2. 'Pile price is not controlled Ic. r.iO 
fixing I indies.

3. The plants arc Imatid in the held 
close to the leases, and si m’ct imes । m 1 hi■ 1« a < 
themselves, so that the oiilmarx withcrm. 
lines are the only transmission c¡nipmi m 
necessary, and these arc so short as to nut 
even require the use of gas compressor'

1. A natural gas plant operating as a 
public utility has a load factor of only about 
3 1 per cent. The carbon plant 1<>a. 1 is tmil<irm.

5. The proximity of the carbon plants • ।> 
the wells makes it possible to carry lower well 
pressures than can ordinarily be reached I >y 
contiguous public utility companies having 
their wells discharge into intake lines 
compressor stations

Ii In a number of instances carbon plants 
have been located where it would not lie 
feasible, with present prices for natural gas, 
to lay lines in order to transmit the gas into 
the ¡niblie utility transmission systems.

The carbon black plants do run carry 
reserve acreage, as a general ruk.

S. The plant hazards are much less titan 
those in a public utility plant.

9. The investment necessary for tach 
1(10(1 cubic feet of natural gas handled will be 
about 10 times larger in a public utility plant 
than in a carbon black plant.

Relative Investment Required by a Natural Gas 
Public Utility Plant

It is not ordinarily appreciated that the 
investment necessary to render natural gas 
service is very much greater to each consumer 
than for any other utility serx ice. That is. the 
investment to each consumer in natural gas 
properties, from gas leases to domestic 
meters, is:

1. Three hundred per cent me re than in 
electric plants.

2. One hundred and fifty per cei m re 
than in waterworks plants.

3. One hundred per cent more than all of 
the Bell Telephone toll lines and Bill ex­
changes in the Unite 1 St; es.

4. Fifty per cent more than in ordinary 
manufacturing gas plants.

The investment from reserve acreage to 
consumer's meters in a natural gas plant 
rendering public utility service and selling < n 
an average of about I(X> M cubic feet of 
natural gas to each domestic consumer a year 
will be about >220 to each consumer, or s2.2<i 
for each M cubic feet of gas delivered a year.

Critical Need of the Natural G. • In 1 istry
The natural gas iniltt'iry m a 'ra- -Pa ■ 

'(age.. g"ing in an the large ""Imri a:. I '■ ■■■ - 
■iriic'l lads of tic paw ’l.e -mall • hmw 
and inevitably higher pnu of •’.>• rrup- 
S’rung individualism domina'cil th- naw 
Public policy will ultimately requir- that 
legalized and regulated collective n- Dera­
tion. rather than cut-thr"at c"mpe'iti''r.. 
dominate the future. The greatest need of -he 
industry today is he adequa'e rewgr.itum 
of the dominating factors in the natural cas 
• niiservation problem. which. are:

1. Mandatory pooling < f field < pera’i'W.s 
coupled with an adequate market price

2. Education of the natural g i< pr"ducer<. 
and uf the pu1>lic,^Rupled wit?. r.atncial 

nstructivc legislation. Any legislation. ■ g 
course, to l>e of value t" the public n wt 
so framed as to stimulate pr< duction and the 
constant search f. r new sup;lies.

The present governmental attitude in 
preventing uni' y of action in the gas he’1 
causes a decrease in the life • I the leaseholds, 
stimulates waste, and increases the vs: ■ f 
the gas to the public. Gas field p r. ti: . 
conditions should be regarded a< a natural 
monopoly, so that in the developnemt f the 
field one company, or one "operating ; i."
could space the wells properly, and Irain the 
field only at the rate f it- corking 
capacity, thereby greatly •? wasinc ar. 1 
strengthening th life" : c f Id

The economic fallacy : empetitr m ’ - 
tween utilities i< now th r 'ujtly established. 
Competition, either a- a guarantor "t go "1 
service or regular'r f rates, lias failed. The 
latrine that titc public is^W’Ved best by a 
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legalized and regulated monopoly has become 
a fixed part of American public utility juris­
prudence, and ought to be applied to the 
mining operations in the natural gas field.

Provincial Thinking Cause of Most Waste
The provincial habit of looking at natural 

gas from the dwarfed viewpoint of local use 
and the immediate present is the primary 
cause of our acute natural gas service prob­
lems of today. The history of the industry 
has been one of unrestrained waste and 
profligate disregard for the public’s interest. 
This has been emphasized by creating 
provincial aspects rather than recognizing 
the national and interstate nature of the 
business. The selfish motive of trying to keep 
the natural resources of a state within the 
state boundaries, so as to make consumers 
locate within the state boundaries in order 
to enable them to use the resource, has been 
the dominating feature.

Natural gas prospectors are optimists, with 
individualism as the dominating character­
istic. They are over-sanguine, but if it were 
not for this characteristic they would not be 
sear 'hing for new supplies of gas. They do 
things in a big way, take large risks, are good 
sportsmen and, therefore, good losers. How­
ever, the gains must in the end be more than 
the losses or they will not continue in the hunt 
for gas supplies for future service.

Natural gas can be found only by diligent 
prospecting. After it is found the service can 
be maintained only by further searching for 
new supplies. In this development the 

prospector must figure on many dry holes. 
The average for all drilling in the entire 
United States is that every fourth hole is dry. 
In opening up new fields this may be much 
higher.

Since the hazards are greater than in any 
other mining enterprise, the profits ought to 
be correspondingly greater. This element 
of profit is the only incentive which impels 
men to engage in so speculative an enter­
prise.

Natural gas has never been equaled by any 
man-made product for many high-grade 
utility services. The only thing that will 
effectively conserve the supply for future use 
and insure continuity of service is price 
commensurate with the value of the service. 
Therefore, the public is served best when 
natural gas mining is made profitable.

The feasibility of conserving wastes or 
developing new supplies and connecting 
these with a market depends on the co­
ordination of various factors.

In no case would it be prudent business or 
good judgment to attempt to conserve a 
waste of gas or develop a new supply that 
would not take care of the fixed charges and 
the operating cost during the life of the gas 
that is saved or developed on the basis of the 
volume of gas that can be obtained from such 
an enterprise and delivered through the 
consumer’s meter. An adequate price is 
therefore the crux of the natural gas conser­
vation question. Unless it is made worth 
saving by the public it will not be good 
business judgment to attempt to save it.
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The Lamp Commit tee Repi ,rt < >1 t he X.it Eh ■ ' ’ Lir' ’ A » i.H t m > al 1 a . 
to the lighting imh^B; this year's report v no rxo pt nm. Mr. Morri on ..dub mail/' 
emphasizes the most important part». The »tati»tiial >lata 1» so il »"Hl s ot . |. r imp V 
doubt the progressiveness of the lamp manuta. t uo-r alter . tmlying the tables a. ■ omp.nr. r g ’I.: 
Editor.

Following its established custom. the Lamp 
Committee has issued its annual report, giv­
ing statistics and a record of progress of in- 
candeseent lighting equipment, xvhich serves 
as a valuable guide in planning the activities 
of the lighting industries.

An outstanding feature of this year's con­
vention xvas the Lighting Exhibit, which is 
described in a separate article. It included the 
typical standard and nexv lighting appliances, 
and presented the opportunity of visualizing 
the most modern practice in the application 
of equipment in important fields of lighting 
service. The exhibit presented its lessons so 
effectively that they could not well be over­
looked. Concerning the exhibit, the report

TABLE I

DOMESTIC INCANDESCENT LAMP SALES, 
1907-1918 INCLUSIVE

Y ear Per Cent Carbon 
and Ge m

Per Cent
Tant' lu-i

Per Cent 
Tunmten

1907 99.2 0.7 0.1
1908 «1° 7 1.8
1909 SUI 2.1 13.S
1910 7S.0 3.5 is 5
1911 71.9 25.4
1912 59.0 L0 411.0
1913 43.:; 0.1
1914 2".5 70.5
1915 21.1 7s.9
1916 16.3 s ।
11117 13.0 S7.0
19 IS 11.0 S9.0

says: “This production xvhich may be con­
sidered the main portion of your Committee’s 
report, has been possible only by reason of the 
generosity of the lamp manufacturers and the 
co-operation of the Lighting Sales Bureau of 
the Commercial Section.“

The statistics of the report are xvith Becial 
reference to the calendar year of 191 s. al­
though for purposes of indicating the trend, 
figures for previous years are included.

Lamp Sales
Excluding miniature lamp 1 sr, n, ;<.■ 

lamp» were sold for donii'tic u-e Th> p'-r- 
centagc inereaw in number of land; > - .<>!<! ox er 
the preceding year wa> 9.4, whrrca» 1917 had 
shoxvn 17 per cent, increase.

(If’he 1 sii million lamps. ILL million-ver'- 
of the tungsten filament type an im n»i-e in 
numbers ot 12 per cent over 1917.

The distribution of lamp» betxveen the 
tungsten and carbon classes, as repor d in 
Table 1 and Fig. 1, shows a transfer of 2 • ,-r 
cent from the carbon to the tungsten. >o that 
now nearly 90 per cent of the lamps art of the 
tungsten class.

YEAR
Fig I

Of these tungsten filament lam: - 142
million, or soU per cent, were of * ■ vacuuiji 
type and 24 million, or :vr cent, xvere of 
the gas-filled type. This represents an in­
crease for the vear of n L per cent f ~ vacuum 
lamps and 37 per cent for gas-filled lamps.

Gem and Carbon Lamps
The report records the passing of the Gem 

or metallized filament, which had fir»* come 
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into use in 1905 and had proved useful in the 
transition from the carbon 1 > the tungsten 
filament lamps. As explained later on in the 
rej ort the war's demand for the most efficient 
lamps xvas a dominating influence in the xvith- 
draxval of the Gem lamp.

The carbon lamp, due to its Ic^fost and 
sturdy construction, is still used for severe 
service xvhere lamp breakage is a predominat­
ing factor of lighting costs. Such lamps are 
largely used for temporary lighting and in­
dustrial construction which, on accou^^f the 
requirements of the xvar period, has main­

tained about the same demand as for the past 
two or three years.

The Committee anticipates a decline in the 
use of carbon lamps, especially in view of the 
recent development of the mill type, tungsten 
filament lamp, xvhich is treated" more fully 
in a later reference.

Miniature Lamp
Miniature lamps are practically all now of 

the tungsten filament types. Their use has 
xvitnessed a considerable growth due to the 
increased numbers of automobiles and flash-

TABLE II

1918 DISTRIBUTION BY VOLTAGES OF TOTAL LAMPS SOLD

Voltage Group Per Cent of Total Sales

110-125 volts. . . . ............................................... ...................................... 82.1%
220-250 volts............................................................................................................................................ 7.6%
Street Series (4.0, 5.5, 6.6 and 7.5 amperes)............  ........................................................ 1.3%
Street Railway (5 in series or 525-650 volts).............................................................................. 3.8%
30 and 60 volts vTrain and Farm Lighting). . . ........................................................ 4.0%
Miscellaneous..................................................... .. ........................................................ L2CJ

Total................................................................... 100.0' J

TABLE III

DETAIL DISTRIBUTION OF MULTIPLE TUNGSTEN LAMP SALES

PER CENT OF GROUP SALES PER CENT OF TOTAL TUNGSTEN SALES

Lamp
1916 1917 191S 1916 1917 191S

Multiple Mazda B Lamps

Signs . .............. S.8 7 6 5.9 7.8 6.4 4.9
15 watts . . . . 6.1 5.0 6.7 5.3 4.2 5.5
20 watts . . . . 2.0 1.2 1.7 1.0
25 watts . 2,i. < 27.1 27.1 22.4 23.0 22'. 4
40 wa i 29.0 29.5 29.4 o o 25.0 24.3
50 wat . . 6.0 S.5 10.2 7.0 “SM
60 watts. . 17.9 17.3 16.2 15.6 14.8 13.3

100 wat . 3.S 3.2 2.4 3.3 > » ~ 2.0
Miscellaneous. . 0.7 0.6 2.1 0.6 1.7

Total Multiple " 15 ' 100.0 100.0 100.0 87.1 84.6 82.5

Multiple Mazda C Lamps

75 watts............................. 25.0 31.0 32.1 1.9 3.1 4.1
100 watts ... . 46.0 39.0 36.9 3.5 3.9 4.7
150 watts . 2.1 3.6 0.2 0.4
200 watts............................. 1 1.5 15.3 15.6 1.1 1.5 1.9
300 watts.................. 4.2 4.0 0.4 0.4 0.5
4110-5(1(1 watts................. 4.0 4.2 4.1 0.3 0.4 0.5
750-1000 watts. . n 2.1 1.3 0.2 0.2 0.3
Miscellaneous -0 2.1 2.4 0.2 0.2 0.3

Total Multiple “ C " 100.0 190.0 100.0 7.6 9.9 12.7
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light; . for which ihesc I.imp mini the > • 
elusive light sources. ( m centra ■ t.itmu » 11 
cuits miniature tungsten lamps ar< Lvine । m 
ployed in increasing number.-. lor cmnlclal>ia 
ami Christ nuts tree lighfflpg

Distribution of Types and Sizes
'1'ables 11. 111 ami IV show the distribution 

of the lf)|S lamp sales among the various 
types and sizes. More than S2 per cent of all 
lamps sold were of the 110-12.') volt group, 
while 7.(> per cent were of the 22O-25D volt 
groups. 'I'he 40 wall is shown to be the most 
popular lutnpof the 110-125 volt groupof tung­
sten filament lamps, representing more than a 
quarter of the sales in this group. 'Die 25 and 
00 watt are second and third respectively.

The 50 watt lamp which was ] >ut < m the mar­
ket four years ago lias shown the greatest gain 
among the vacuum lamps of this group. Inn ­
ing an increase of 30 per cent over 1017.

The demand for sign lamps shows a falling 
off of 33 per cent, largely, no doubt, on ac­
count of the government restrictions of sign 
lighting during the year.

TLAR

TABLE IV

DISTRIBUTION OF TUNGSTEN LAMPS OF THE 110-125 VOLT GROUP

PER CENT «»I GROl P ^KLE*>

Size of Lamp
PER t EM INC RE t'E • >R HE* KLIM

Vacuum Class

Sign .... . . 4.5 Decrease 33 (
10-wan S-17 bull, .............. • 4 - ( 2.4' ; Xochang
15 watt .................. ......... . 6.9 ' ( .5 S' . Decrease -
25 watt............................................. 24.3 1 , "3 .5' . Increase 7
40 watt.................. ........... 25.0' , _■)..> . In 'ease 13\
51) watt............................................. ss. Increase 30' ,
60 watt 15.1' , 14.0' , Increase o

100 watt....................... ........... 3 ( ) ’ 2.1' , Decrease 21' ,
Miscellaneous................................... 0-9 < ( l.S' ..................

Total Vacuum Class.................. SO M < . so.6 Increase -

Gas-Filled Class

75 watt . .
100 watt....
150 watt. . .
200 watt .
300 watt. . . .
400-1000 watt 
Mi ¿cella noues .

Total Gas-Filici Gla^

(frand Total

io. r (

1(H) o '
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The 75, 100 and 150 watt gas-fill id tungsten 
lamps appeared to be replacing ll e 100 watt 
vacuum lamp, the. sales of the latter having 
decreased considerably

Considering lamps of 110-125 volts, the 
number of vacuum tungsten lamps sold has 

|MT 1908 1909 1910 1911 1918 1913 1914 1915 1916
Year

Fig. 3

increased 7 per cent, while for the gas-filled 
lamps the increase in nearly 50 per cent.

The most popular of the gas-filled lamps is 
the 100 watt size, which is closely followed by 
the 75 watt.

Gas-filled lamps represent numerically 13.4 
percent of the 110-125-volt tungsten group, 
but in wattage they represent 36 per cent. A 
calculation based on the figures given in the. 
report indicates that the gas-filled tungsten 
lamps represent over 40 per cent of the candle­

power of all large incandescent 
lamps sold during the year.

Average Candle-power, Watts and 
Efficiency

As shown in Table V and Fig. 2, 
the average size and efficiency of 
lamps continues to increase at a 
reasonable rate. It is noted that 
the. average lamp efficiency for 
191S is over three times what it 
was in 1907, when tungsten fila­
ment lamps xvere first introduced.

Street Series Lamps
Street series lamps have, due to 

the reduced use of the higher can­
dle-power sizes, fallen off nearly 2 
per cent in average candle-poxver, 
as shown in Fig. 3. Considering 
only the smaller sizes,that is, lamps 
less than 250 c-p., the average 
candle-power for 1918 is 74 c-p., or 

an increase of nearly 3 per cent over 1917. The 
comparison of candle-power size for 1917 and 
1918, in Table VI, shows the tendencies men­
tioned above. The table shows ■’hat 53.2 per 
cent of the series lamps are 6.6 amperes.

Fig. 4
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Since ;i large majniHv of the 1.5 timi 211 ;nn 
pere lamps are aetuallv operated on liti am­
pere circuits, through individual t.iansforniing 
devices, the dominance of the 6 Ii ampere eir 
cuit is evident. Circuit amperages oilier than 
6.li., 7 .5 1 and 5.5 are negligible.

TABLE V

AVERAGE CANDLE-POWER. WATTS AND 
EFFICIENCY

XI I I \M1'S

Candle-power * W.!tu Lumens । 
Watt

1907 18.0 53.0 3.33
1908 19.0 53.0 3 5°
1909 21.0 52.0 3 *10
1910 23.0 51.0 4.42
1911 25.0 51.0 4.SO
1912 26.0 49.0 5.20
1913 29.4 47.0 1’1.13
1914 38.2 4S.0 7.80
191-5 42.2 47.4 8.71
1910 45.8 48.6 9.6(1
1917 48.7 50.7 10.56
191S 51.5 52.7 10.30

Voltage Standardization
The sub-committee did no active work dur­

ing the war period, but it is noted that over S2 
per cent of all lamps were of the voltage 
group of 110-12.5, and nearly 7.5 per cent of 
these fall in the voltages recommended by 
the committee, namely 110, 11.5 and 120.

Progress towards standardization is indi­
cated by the fact that in 1017, 0,5 per cent of 
the 116-l.‘>0 volt lamps were of the three 
recommended voltages, while in 1913 the per­
centage was only 4,5. Fig. 4 is a graphical 
comparison of voltage distribution between 
1913 and 19IS, while Table VII shows the 
percentages for 1917 and 191.8.

Coloi r<| Lump Bulbi
Allindigli no cxl <io led ,n ' ,a I n • ■

i anied on in the pa I '.eal a ni- pinibi'i" 
has been endeavorin'.' to e up a n.r.oii.i /• 
ar i <ein«nl among cent ral talpa- . whidi uri 
lead tn Ilie standardization ol a • < Ilo'.', ot .itti

TABLE VII 
DEMAND OF LAMPS BY VOLTAGES

ber bulb, and thus taking advantage of the 
economic possibilities opened up by the in­
creased lamp efficiency. Although a con­
siderable range of preference still exists, the 
weighted average of some SO observers 
points to an approximation of the color of 
the kerosene flame as most generally accept­
able.

Superficially colored lamps, said to be per­
manent as to color, have been submitted to the 
committee anil found pleasing. Further prog­
ress seems to depend upon indication of an 
actual demand.

STREET SERIES LAMPS
TABLE VI

BY CANDLE-■POWER SIZES

Per Cent
1917

T - tai 
191S Amperes

BY AMPERE RATINGS

Per Cent 
1917Candle-power

Under 60... 14.5 13.3 4 11.3 U>
60. P-1 J, • - 9.6 lO.o
SO. 1L0 ÏŒ8 6.6 53.2

100. 2a.n 29.3 7.5 1G.7 15.5
250. . 11.0 11.7 15 and 20 9.1 8.6
400. . X ' 6.2
600. 6M 5.1

1000 0.9 0.9

Total. 100.0 100.0 Total . UMI.II 101 UI
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In connection with this feature of the re­
port, it should be noted that a division of the 
demand among different shades, types and 
sizes might seriously limit the practicability 
of furnishing and distributing such lamps.

Country Koine Lighting Outfits
Attention is called to the extended intro­

duction of these gasolene electric generator 
storage battery sets. These are considered 
beneficial rather than detrimental to central 
station business. B. educating people as to 
the advantages of electric lighting they make 
them better prospects for future central 
station service. Such users are usually con­
nected to central station service when the ex­
tension of lines renders it available.

Price Changes
Fig. 5 shows the initial prices and later 

changes of 110-125 volt Mazda lamps, in­
cluding t he changes of (Ictober, 1918.

Lamp Development
The energetic work on improvements, 

par icularly of the gas-tilled lamps, is men­
tioned with the expectation that announce­

ments of the results can be made at an early 
date.

JK-H’a/Z White Mazda Lamp. One of the 
latest and most important lamp developments 
of the year, namely, the 50-watt white Mazda 
lamp was announced too late for inclusion in 
the printed report. It xvas, hoxvever, dis­
played at the Lighting Exhibit, during the 
latter days of the convention and attracted 
much favorable attention.

The 50-watt lamp is made in the 110-volt 
range, provided with a tipless PS-20 bulb 
in diffusing white glass only, and is of the 
Mazda C type.

While sufficiently dense as to conceal the 
filament and appear uniform, the diffusing 
glass is of loxv absorption, being about 8 per 
cent in excess of clear glass. As a result, 
the overall efficiency of the lamp is slightly 
better than that of the clear glass 50- 
watt Mazda B lamp. The lamp is rated 
at 1.28 xvatts per mean spherical candle­
power.

The dimensions of the lamp are such that 
it is interchangeable with the 40 and 50-xx att 
regular Mazda B lamps, i.e., its length over­
all is ■ in. and its diameter is 2W in. It

Lis
t P

ri
ce

Fig. s



\ REVIEW OF 'Fili: X E I. A LAM I' < ' >M MITTEL REOW 

can, therefore, replace such lamps without 
change of equipment.

The inamilacturers regard I he dtllm itt” 
glass as tin important feature, since the lamp 
is likely to receive wide application in homes 
where the lamp will present a pleasing ap­
pearance and emit a soft diffused light

As exhibited itt the home lighting booth and 
the portables, in the foyer of the exhibit, the 
lamp attracted much favorable comment on 
its appearance and lighting effect.

The Mill Type Lamp which was placed on 
the market October 1, 191S, was developed 
to meet the need for a more rugged, high 
efficiency lamp for special service, where the 
strength of the ordinary tungsten lamp had 
proved insufficient. Fig. (i. While the need 
for such a lamp had been recognized for 
several years, and considerable work had 
been done, the efforts of the manufacturers 
were quickened by the war emergency. 
Its adoption was also hastened by the 
efforts of the Fuel Administration lo bring 
about the substitution for the carbon lamp, 
of a lamp combining ruggedness and effi­
ciency.

Manydifficultieswere encountered and some 
of the early samples, issued for practical serv­
ice. proved fragile. Means of overcoming 
these difficulties have been found and while 
in some minor respects the lamp is still in a 
state of development, it is now well worthy 
of trial where an especially sturdy lamp is 
required.

The special features of the mill type lamp 
are the flexible steel wire by which the filament 
mount is supported, and the additional 
anchors for the filament. The. former absorbs 
vibrations. The cooling of the filament, due 
to the additional anchors, reduces the effi-

<i<inv ol I hi ■ lamp .lb, mi , p, > ■ i I b< 
null l x pc lamp I iii.kI« hi _’o .uid >u v

Fig 6. Mill-type Lamp

TABLE IX

CENTRAL STATION COMPANIES REPORTING VARIOUS LAMP POLICIES
Figures Indicate Per Cent of Companies Reporting in Each Group

NJ MBER OF LIGHTING CONSVMERn SI PPL1ED

Company 
Lamp Policy

Less than 
11)00

1917 1919

1001 to
5000

1917 1919

5001 t
10000

loooi t,.
50000 Over 5(1000

Free Renewals Only. - 0
Merchandise Only. . S5
Free Renewals and Merchan­

dise....................................... 12
Do Xot Handle Lamps. . . . 3
Give Renewal:—Make Lamp

Servil e Chargt..................... 0

Total I III I

(I (I 1
SU 63 SII

2 31 9
IS 6 1(1

Il II IJ

Hill Um mu

1917 1919 1917 1919 1917

56 11 56 13 66 3.5 3(1 S
6 6 6 16 'I I) 5 12

4 II 4 il 17 II 1 0

UHI mu UK) inn UHI UHI 1(111 UHI
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25-11’iiZZ Lamps in S-17 Bulb. The 25-watt 
lamps, formerly employing the S-19 bulb, are 
now being made in the S-17 bulb, excepting 
lamps of the 220-250-volt group. It is expected 
that the change will be complete and all the 
larger bulb lamj is disposed of by fall. The pur-

Fig. 7. Foot Candle Meter

pose of this change is to standardize one size of 
bulb for the lower wattage lamps and secure 
economies in packing and storing lamps.

Lamps for Motion Picture Machines. Sup­
plementing information of previous reports, 
the standardization of the 600 and 900-watt 
lamps for motion picture projection is re­
corded. Both lamps are in T-20 bulbs.

The 900-watt, 30-volt, 30-ampere L^^^s 
generally recommended, and the 600-watt 30- 
volt 20-ampere lamp is only recommended 
for short throws and small screens and where 
available power is limited.

Industrial Lighting Codes
The progress in the establishing of in­

dustrial lighting codes is briefly reviewed. 
Mention is made of the five states which 
adopted lighting codes, namely. Pennsylvania, 
New Jersey, New York, Wisconsin and Ore­
gon, as well as four other states in which 
codes are definitely under preparalion, 
namely Ohio, Massachusetts, California and 
Oklahoma.

The code is being promulgated by the 
United States Bureau of Standards and the 
Committee of Labor of the Advisory Com­
mission of the Council of National IXfense, 
as well as by the Illuminating Engineering 
Society, which Society originally prepared it.

The enforcement of the codes will not only- 
improve the utilization of artificial light, but 
usually increase the amount of light used, 

xvith resultant advantages to the workman, 
to the industrial establishment, and to the 
central station.

In this connection, it is worthy* of note, that 
the report of the Industrial Lighting Commit­
tee of the Lighting Sales Bureau, presented at 
the Atlantic City* Convention, pointed out 
surprisingly large gains in manufacturing effi­
ciency, resulting from lighting, far above the 
usual standards of intensity.

Foot Candle Meter
The foot candle meter, which has been 

described in the technical press, is a simple, 
portable instrument recently- designed for 
measuring illumination intensities commonly- 
found in artificial lighting installations, that 
is 0.05 to 25 foot candles. The instrument, 
xxhich is of small size, is self-contained, the 
standard lamp being energized by- a flashlight 
battery*. The foot candle meter is being used 
^'ith considerable success, especially in con­
nection with industrial lighting. This in­
strument is an important factor in the in­
dustrial lighting code situation, and by pro­
viding a means of recording actual intensities 
of illumination, will undoubtedly- hasten the 
progress toward effective standards of “pro­
ductive” illumination.

Fig. 8. Tag which may be attached to 
the service meter indicating the voltage 
of the circuit. These tags should, to a 
large extent, prevent the use of Mazda 
lamps of incorrect voltage rating

The foot-candle meter is shown in Fig. 7, 
along side of xvhich is an interior view of the 
meter.

Fuel Conservation Program
The Lamp Committee co-operated with the 

Lamp Committee of the Association of Edison
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Illuminating < ‘olllp.illies .uxl W 1111 I lx' X al loii.il 
Committee on (las and Fli'iliic Si n ht. hi 
carrying out the program of rmiM-rt at mu for 
the Fuel Admin h

The sill »st it til i< >u of more ilTivicnt lam] 
wherever practicable was successfully urgvil 
upon the member conmanic ■

The Society for likclrical 1 >cv elo]munt 
assisted in the Publicity Campaign for con­
servation.

Since the withdrawal of the request lo,- 
voluntary restrictions, the association has 
received from the Fuel Administration an ex­
pression of thanks for the co-operation.

Company Lamp Poli. .
Company lamp policy continues to he a 

subject of animated discussion. The Com­
mittee undertook to recanvass the member­
ship and secured reports from 5l> per cent, 
covering every State in the Union, which it 
believed representative of the industry.

Table IX shows a summary of results in 
percentage, as to the four principal practices 
classified with regard to the number of light­
ing consumers supplied.

Comparison with 1917 shows a tendency 
toward merchandising among companies of all 
sizes; 79 per cent of the companies are so 
operating, as compared with 63 per cent in 
1917. The change has apparently been some­
what accelerated during the war.

There are still many notable examples of 
the free renewal ] lolicy. The committee re gards 
it as a local question and expresses no opinion 
as to the wisdom of the various policies.

The disappearance of the Gem lamp from 
the market is recorded, only three companies 
having reported its use this year as against s3 
in 1917. The ultimate disappearance of the 
carbon lamp through the development of the 
sturdy tungsten filament lamp is predicted.

Table X compares the policy as to lamp 
sales price with that of 1917.

New Channels of Lamp Distribution

In view of the tendency of central stations 
to go to a merchandising basis, attention is 
directed to the rapid development of lamp dis­
tributors. Companies are urged to participate 
in organized efforts so as to supervise the dis­
tribution of lamns to their customers and in­
sure their obtaining the best quality of lamps.

An outline is given of the practice of lam;' 
manufacturers in appointing and developing 
agents. The education of agents is furthcre 1 
by the use of booklets and other printed mat­
ter, persona! calls and lectures before con- 
tractor-dvakr associations anil by sales ;-o- 
motion magazines.

11 r 11111 ■ I mult tial niti 4 ■
] in mot U m au I i pi.it

TAULE X 

sale price

Central Si ition Co-operation
When three ea-ti rn ceirral■ 1 1

the merchandising policy. aco-or'i-- ;■■■■■ ■■ 
the three branches of the indu-tr; w-
ccssluily worked out in consultation. th ■ 
lamp manufacturers. Tlie importance - J | re­
serving proper standards wa< impR-wd u; ■ si 
tlie contractor-dealers through their o-•• w- 
tions. Special attention was given '" -u;r ly­
ing lamps of proper voltage.

To further assure ¡.roper 'elo 'ion as to 
lain- coltage. these light'? g companies are 
about to adopt ami place on all mi tors tag 
as shown in Fig s. furnished by the lamp 
manufacturers. This tag. called to tin- cus­
tomer's attention by suitable advertising. is 
expected to induce them to secure lamps , ,f 
correct voltagt

I Inc of the large BKnwwturers i> further 
distributing a voltagt ma- mnong dealers and 
agents.

Forms of Lamp Contract
Xo important changes have been made in 

the form of lamp contract o-p r 1 
manufacturers. The Committee reco^ni.te' 
that local conditions enter into the 'Uecti"n 
of the most desirable form Whil mai g : 
genera] recommendations, the comma'■ ■_ .cels 
that the trend is toward a genera’, :t’cr. nan Ik­
ing policy.

The importance of -g rat: n it it lamp 
distributors, where such a t ?.cy is in effect, 
is pointed out. with the rec 'mmendati a that 
the central station tal-a an active p.irt in 
supervising tlie distrv '.ition of lamps.

Conclusion

In conclusion, the Committee expresses ap- 
^■ciation or aid tri m s, urces too numeri ms n > 
mention.

loii.il


77(> October, 191!) GENERAL ELECTRIC REVIEW Vol. XXII, No. 10

National Electric Light Association 
Lighting Exhibit

By G. F. Morrison 

Vice-President General Electric Company

This contribution is closely associated with Mr. Morrison’s other article appearing in this issue. It 
describes the lighting exhibits which were considered as a part of the Lamp Committee report. The author, 
in describing the more important exhibits, tells of the features in the art of lighting which each exhibit was 
designed to bring before the public’s attention. Editor.

The report of the Lamp Committee 
presented at the 1919 convention at Atlantic 
City, characterizes the lighting exhibit as 
the main portion of the report. Both are 
exceedingly important, each in its own way. 
The exhibit in particular was unique and a 
source of special incentive to an aggressive- 
extension of lighting service. 

sentative. The best of modern lighting 
practices and equipment were presented. 
“The New Spirit of Lighting” was the 
title, and this was unquestionably exemplified 
by the pertinent suggestions so vividly pre­
sented to the attention of the visitors.

The exhibit was located on the Million 
Dollar Pier at the end of the long avenue

Fig. 1. View of Entrance and Foyer, Lighting Exhibit, N.E.L.A. Convention, showing General Arrangement of Rooms and 
Motion Picture Screen in the Background. The lighting of this area was accomplished by means 

of portable lamps of the direct and indirect types

The convention exhibits, as a whole, 
stand out as probably the finest collectioB 
ever presented to an N. E. L. A. Convention, 
and the lighting exhibit was conspicuous both 
as to interest and excellence of display. Pre­
pared, as it was, under the auspices of the Lamp 
Committee and the Lighting Sales Bureau, 
with the active assistance of the lamp manu­
facturers and the co-operation of other 
branches of the industry, it xvas truly repre- 

of commercial exhibits, just beyond the 
point xvhere one turned to enter the con­
vention halls. The visitor xvas confronted 
by a roomy alcove of rich, substantial 
appearance, Hanked on either side by the 
more brilliantly lighted exhibit rooms. At 
the further end of this foyer xvas a screen 
on xvhich motion pictures and stereopticon 
slides followed each other almost continu- 
ouslx. Besides exemplifying the use of
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incandescent lamps in moving picture and 
automatic stereopticon projection, the screen 
carried interesting illustrations of lamp 
manufacture, equipment and application.

Throughout the alcove were clustered com­
fortable chairs and sofas, which were generally 
occupied by social groups. ( )n either side 
of the entrance were located reception rooms 
of the Lamp Committee and Lighting Sales 
Bureau respectively.

Industrial Lighting
As one entered the foyer, the first exhibit 

to attract his attention was that devoted 
to industrial lighting. Thé room, approxi­
mately 16 x .30 feet, was fitted as an auto­
mobile repair shop with benches, assemblying 
areas and machine tools. A very important 
point in connection with proper industrial 
lighting is the correct painting of walls 
and ceilings. Half of this room xvas finished 
in light tones xvith high reflective poxver 
and the other half in characteristic dull, 
dingy finish, too often found in industrial 
plants. Three systems of illumination xvere 
provided. The first, typical-poor lighting 
xvith drop lame s, unshielded, glaring and 
ineffective The second represented fair prac­
tice. A low intensity of general illumina­
tion xvas provided by means of overhead 
units, supplemented at points demanding 
special lighting by suitably shielded, local 
or drop lamps. The third change represented 
good, modern, high intensity- illumination. 
Oxerhead units, of the RLM standard dome 
type xvith the proper size Mazda C lamps and 
diffusing shields xvere symmetrically spaced 
so as to exemplify “productive lighting."

A great deal of data have been presented 
showing that high intensity general illumi­
nation will produce increase in production, 
and show Tangible economic advantages 
to manufacturers. Increases of 1.5 per cent 
or more in production have been secured bv 
good lighting which cost less than .5 per cent 
of the pay-rolls affected. Such increases 
justify very much larger expenditures for 
lighting than have until recently been thought 
economically- practicable. The contrasts be­
txveen the different systems of lighting shoxvn 
in the exhibit xvere self-evident as xvas the 
effect of xvall finish. It xvas a simple matter 
to change from one system to anol lu r by 
hand or xvhen the installation xvas not being 
demonstrated by the man in charge an 
automatic flashing device carried through 
the cycle. In this room, as in all the others, 
charts, illustrations and data xvere displayed 

on the walls, assisting the actual demonstra­
tion.

A large xvorking model of the foot candle 
meter for measuring illumination permitted 
one to read, at a glance, the comparative 
intensities at a central point, xvhile a number 
of standard foot candle meters facilitated 
a study of intensities throughout this and 
other exhibits.

Home Lighting
Directly opposite was the exhibit dex-oted 

to home lighting. Very- attractive living 
and dining rooms xvere arranged with 
appropriate and artistic furnishings. The 
rooms xvere so wired that various combina­
tions of lighting xvere obtained, and from 
day to day- the types of fixtures installed xvere 
varied. Direct, semi-indirect and totally 
indirect illumination xvere all utilized. Ceil­
ing outlets, xvall brackets and portable 
lamps xvere available. The flexibility- of 
electric service xvas evidenced by- a mul­
tiplicity of baseboard and floor outlets, 
xvhich served for heating and cooking device.-, 
an electrical fountain, electrically drix-en 
victrola, fan and other equipments. Pre­
cautions xvere taken to insure harmony of 
fixtures, glassxvare and room furnishings. 
Special emphasis xvas laid on the methods of 
providing eye protection and comfort. The 
new 50-xvatt White Mazda lamp was first 
shown to the trade at the. conx-ention, and 
typical examples of its application were to be 
seen in this residence demonstration.

Indoor Lighting Equipment and Newer Lamp Ap­
plications

The next txvo rooms xvere devoted to 
indoor lighting equipment and newer lamp 
applications respectively. Typical fixtures 
xvere installed xvith individual control for 
demonstration and the latest types of reflec­
tors, portable lamps, industrial units and 
accessories, color matching units, moving 
picture projectors and similar dex-ices xvere 
here available. No important field of lighting 
xvas ox-erlooked, even to the latest develop­
ments in stage appliances, utilizing high 
candle-poxver lamps.

Show Window Lighting
A full size, standard shoxx- xvindow attracted 

considerable attention. This xvas constructed 
in such a manner as to be typical to the 
xvindoxx- in a high grade department store 
and appropriately dressed by a professional 
display man. A rather elaborate installation
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of lighting equipment enabled a number of 
features to be readily demon- rated.

The lighting effects were manipulated 
from a control table and automatically 
operated when not being specially exhibited. 
In connection with this control board, 
illuminated signs presented full data on 
the essential feature of the lighting at all 
times. Standard mirrored and prismatic 
window lighting reflectors were used as the 
principal lighting units. Small mirrored 
reflectors with low candle-power lamps fur­
nished a slight amount of foot lighting, and 
two standard stage spotlights were suspended 
overhead.

Color effects were obtained by the use of 
gelatine screens mounted in frames such as 
are used for theatrical spot lights.

A wide variety of lighting effects xvere 
demonstrated, of xvhich the principal varia­
tions were briefly the folloxving:

(a) Variation of intensity, showing the 
value of high intensity.

(b) Variation of color of light, including 
approximate daylight (Mazda Cz), 
red, green, etc.

(c) Variation of direction and distribution 
of light, including portable stand 
lamps, spot lights, and foot lights.

The display on exhibit was of wicker 
furniture and the window’ arranged some­
what like a summer porch. The combina­
tion of lighting which seemed to give the 
most pleasing results with this particular 
display consisted of green general ilhimi- 
nation, a low intensity of unmodified fool 
lighting, table and floor lamps, and the 
overhead spotlamps which were equipped 
with purple and orange color screens respec­
tively.

In demonstrating the window, it was 
pointed out that the future in show windoxv 
lighting lay in the use of color effects and 
that all xvindow displays should not be treated 
in the same manner, but each picture receive 
separate attention. To obtain the numerous 
lighting effects a considerable number of 
circuits were provided. This duplication 
is not necessary nor desirable for the average 
show’ window, although a modification of it 
might xvell be applied lo the central slation 
show room for purely spectacular and demon­
stration purposes.

In the ordinary store, however, color 
screens should be available which can be 
attached to the regular window lighting 
equipment and spotlamps which could be 

plugged in to suitably' located receptacles. 
As each display is created, suitable color 
screens should be applied and spotlamps 
correctly’ placed.

Outdoor Lighting Equipment
Adjoining the show window was a room 

devoted to the display of outdoor lighting 
equipment. This material included street 
lighting units, floodlighting projectors, signs, 
reflectors for tennis court lighting and 
spectacular applications. Enlarged photo­
graphs showing some of the material in use 
were suitably’ placed about the walls. This 
exhibit called the attention of the industry’ 
to the xvide field for this type of business 
which is again available. The latest types 
of devices served to awaken interest and 
promote much valuable discussion.

Central Station Lamp Practice
In the booth devoted to the exhibit of 

central station lamp practice were to be seen 
the findings of the two surveys of the Lamp 
Committee in 1917 and 1919. The methods 
of handling lamps in use by’ member com­
panies were graphically portrayed. Inter­
esting charts, maps and tables showed the 
trend of lamp practice. This exhibit was 
of great value to the central station repre­
sentative as it embraced the experience 
in lamp merchandising, free renewals, parcel 
post delivery’ and similar phases. A repre­
sentative of the Lamp Committee was in 
constant attendance to give full information 
on all the data.

Educational
The entire exhibit was devoted to educa­

tional purposes. In addition to the features 
already mentioned there were some which 
might be considered as more directly’ in the 
educational class. This included racks 
showing a complete line of all standard 
lamps, bulletins dealing xvith practical 
lighting problems, detail information on 
educational courses on lighting available 
at the different unii'ersities, the correspond­
ence courses conducted by the N.E.L.A., 
transactions and publications of the Illumi­
nating Engineering Society, all the modern 
text books on lighting subjects and similar 
literature. The illustrated lecture, “As An 
Aid to Selling,” xvas demonstrated by means 
of an illuminated display, and the text of 
typical lectures, issued by the various manu­
facturers and institutions, were available. 
A number of interesting charts were used to
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show the effect of color of walls and ceilings 
oBthe resultant illumination

No one could make even a hasty survey of 
this lighting exhibit without being impressed 
by the ground covered and the importance 
of lighting to the electrical industry. The 
magnitude of the field is very great and 
an exhibit of this character served to em­
phasize tins to the delegates. It was rather 
remarkable to note the manner in which 
the lighting exhibit was inspected in com­
parison to the average display at a show 
or conventioi^BThe visitor was first drawn 
to the attractive surroundings. Or.ee in 
the area devoted to this exemplification 
of the “new spirit of lighting,’’ he did 

not leave it with merely a hasty glance. 
The exhibits were so vividly portrayed and 
so attractively arranged, that he ^Bonce 
became interested and paused to give 
the subject the attention which it justly 
deserved. Naturally, very few were interested 
in the minute details of all phases, but it is 
safe to assume that practically no attendant 
at the convention went away without having 
given rather serious thought to at least one 
field of lighting. It is doubtful if any other 
one event in recent years has given such a 
marked impetus to advancement in illumina­
tion or called the attention of the industry 
to the possibilities of lighting in such a 
striking manner.

Chinese Students and American Training
By M. A. Oudin

VlCE-PRESlM^ ^’TERNATIONAL GENERAL ELECTRIC COMPANY

Reiciitlv a joint convention was held between the Science Society of China and the Chinese Engineering 
Society. During the convention tin Chinese students visited the Schenectady plant of the General Electric 
Company. In the evening of the same day a social meeting was held at the Edison Hall, where the students 
wen the guests of the Company. < )n this occasion Mr. (tudin presided and addressed the meeting. The Editor 
being mui h impressed with Mr. (tudin's remarks prevailed on him to write them for the Review. The human 
interest in China’s struggle to “find herself” as a modern nation reconstructed on modern lines will appeal to 
the reader.- Emi or.

It is an honor to be asked to preside at this 
session of the joint convention of Chinese En­
gineering Society and the Science Society of 
China. It is also a pleasure to welcome the 
members of these Societies on behalf of the 
Company whose Works they have visited 
today. I am especially pleased to greet you 
because of the deep interest which I, in com­
mon with a great many Americans, take in 
China and her many prot ’ems. Especially 
are Americans interested in the undoubted 
awakening of China and her progressive de­
development along modern lines.

There are I believe about 1600 Chinese 
students in American colleges. It is fitting 
that young Chinese should come, to America 
for their professional studies, especially those 
relating to engineering and science. In the 
first place, one of the advantages of education 
and training in this country is the freedom of 
that education and that training from the 
suspicion of any endeavor to influence the 
views of students from abroad. Again, it 
is our good fortune that there is no restraint 
on the free expression of free views. These 
views are judged quite as much by their un­
doubted sincerity of purpose as by their 
soundness. It is in this atmosphere and under 

these conditions that the foreign student ac­
quires a correct understanding of the Ameri­
can people w hich with the knowledge acquired 
here makes of lives a valued friend and a use­
ful citizen on his return home.

Another advantage of the United States as 
a place of training for engineers and men of 
science from abroad is the superiority of that 
training. In foreign universities theory is 
studied in a degree, rarely known here and then 
only to graduate students. Here rough and 
ready methods have long prevailed. They 
were, necessary in building up this great coun­
try. The quickest solution of engineering 
problems was usually sought. In the early 
days bridges were needed and they were built 
rather than designed. Experience in con- 
Mruction, more than refined calculations of 
stresses and strains, made the structures safe. 
So it was with prime movers, both steam and 
water; so it was with dams, with water works, 
with buildings and the great variety of 
mechanical applicat ions on a large scale. Such 
methods explain the miracle of America’s de­
velopment in the space of one hundred years 
and the speed with which a continent was 
filled from the Atlantic to the Pacific with 
splendid cities and great public works.
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111 these Filer days there h.r. been limn’ 
lime for refinements in Enpiiu'eriiig. Yon can 
see that with such a wealth of experience to 
support it theory became like a living vital 
thing. Europe was practically built up when 
engineering science loomed large in the world, 
so practice and theory did not go hand in 
hand to the same extent they did in America.

The problems to be solved in ('hina are 
curiously similar to those already solved in this 
country; for the two countries physically 
presen^®iny similarities. The development 
of China is a continental problem just as it 
was in America.

As to the stuilv of science, I need not re­
mind you that the opportunities and ad­
vantages in America are enhanced by its 
commercial, collegiate and governmental re­
search laboratories, especially the former. 
Our industrial development is intimately de­
pendent upon the work done in these com­
mercial laboratories.

In considering the achievements of the 
youngest great country tmd its advantages as 
a seat of learning, we must not overlook lhe 
record of the oldest living civilization in en­
gineering, science and culture. Since almost 
the beginning of China's history there were 
two constant dangers to the perpetuation and 
prosperity of the country, viz., the invasion 
of the country by hordes of barbarians and the 
inundation of the alluvial plains of Central 
China by the floods of the Yellow River. 
These dangers were met by two of the greatest 
engineering feats in history—the building of 
the Great Wall, one of the world's wonders, 
and the control of the Yellow River, in which 
was included the Grand Canal. History 
records the work of the great Engineer Yu. 
Because of his success in controlling the Yellow 
River, it will be remembered, he was electee! 
Emperor by a grateful people and has been 
held in reverence ever since. In our own days 
there is the remarkable engineering work of 
Dr. Jieme Tien-yu, who was educated at Yak’. 
His success as a builder of Railways under ex­
traordinary engineering difficulties without 
foreign assistance placed him as one of the 
foremost, if not the foremost, of Asiatic en­
gineers of recent times. His recent death at 
Hankow was a national loss.

The contribution of China to the world's 
store of scientific knowledge and progress, 
such as the compass, printing and gun-powder, 
is too well known to require more than men­
tion. The return by Germany of the stolen 
astronomical instruments as provided for 
under the terms of the peace treaty invites at-

1 < 111 1« «11 to tfi, ( al l ’. .id ’. .Iio” I, <
III I lie lull'. ,,l till' hl'.'IX el 11 i „ „ II,

In .'nt lit erat me and pit t I" .,; Ji 1 1 ■ 
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knees o| ( Tuna Chine >• m t Im p> 1 ul 
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। it < ’i"iftn in- coni am - the wi doin "I tie- v. m b I 
although tuenty-tive ccnlnnc li.r ' • lup ••<! 
since that 'age wrote hi- ela ic

A tew weeks ago 1 had the plea nr,- ot 
lunching with his 77>th lineal dc-ccndant 
That link with tin- remote pa-t i- an a toti­
ishing fact. It is difficult for iIiom- nation 
with relatively short historic’, to realize tie 
continuity of < hinesc history and civilization. 
The annals of ancient (‘liina appear in their 
true and hoary perspective only when com­
pared with dates and events with which wc 
are familiar.

For instance. Confucius was a contem­
porary of the last of the fabulous line of 
Roman Kings. Hi' was a great name in the 
land before the battles of Thermopolae and 
Marathon were fought. Confucius lived 
nearly two centuries before the Great Age in 
Grieco; before the Parthenon was built and 
before Xenophon wrote hi- Anabasis. Still 
longer a lime was to elapse before Alexander 
was to conquer the world. Uninterruptedly 
Chinese history goes back two thousand years 
before Confucius. Xot so sure and authentic 
as it might be, however, until coming down 
the ages, we reach the Isth Century B.C 
when the Shang dynasty ruled China and kept 
at bay the Huns on the Xorthern and Western 
frontiers.

If I appear to dwell unduly upon Chinese 
history and chronology, it is because I wish 
to emphasize the fact that modern Chinese 
development has its roots deep in the past. 
This ancient civilization which has persisted 
in all its essential features and has resisted 
the shocks of time and wars for over KMMI 
years is a vigorous stock on which the stem 
of present day culture is grafted. Intellectu­
ally then we might expect to find and do find 
the Chinese people the equal of any of the 
more modern peoples. Chinese students who 
have been trained abroad exemplify this fact. 
American educators with whom I have spi >ken 
confirm my own experience that the average 
ability of Chinese students in the United 
States is high and the attainmt nts of some of 
them are exceedingly brilliant. I would not 
have it understood that American students 
suffer by comparison, for Chinese students I 
fancy on the whole are selected and sent here 
or abroad for special reasons.
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These men on their return have made the 
best possible use of the knowledge they have 
acquired abroad. Returned Chinese have 
been numerically weak but mighty in patriot­
ism. They xvere the first revolutionists and 
largely brought about the Republic of China.

In engineering and industry lie the best 
material opportunities for the future con­
structive efforts of those Chinese who have 
had a foreign training In these spheres of 
activity they can render immense service to 
their country, for both are essential to the up­
building of a poxverful nation.

On account of her unparalleled natural re­
sources, China has been called the commercial 
prize of the world and as such has been ex­
ploited by the commercial nations. Iler 
possibilities as an industrial country are 
greater and infinitely more important- to China 
herself. For within herself and for herself if 
she wishes lies the largest single market of the 
xvorld. Her labor is tractable, intelligent and 
low-priced. With Chinese labor and super­
vision in co-operation xvith American experi­
ence, industry in that country offers un­
exampled opportunity for capital investment, 
and the employment of high-class Chinese 
assistance. There should theoretically be no 
easily reached limit to the industrial de­
velopment of China. The cost of unit-pro­
duction is so low that China does not need a 
tariff for protection however great the need 
for revenue may lie and however great the 
justice of a tariff of her own making without 
interference from other nations.

America takes a very friendly interest in 
China and has shown that interest for the past 
sixty years. The first great foreign advisor 
to China xvas Anson Burlingame, a man held 
in grateful remembrance today. Then came 
that versatile diplomat, R »ckhill, who al- 
way» upheld China’s cause. For five years 
this country has been represented by a 
scholarly man whose name does not suffer by 
comparison xvith that of any diplomat xvho 
has ever gained the good-xvill, respect and con­
fidence of the Chinese Government, Dr. 
Reinsch. Those interested in the xvelfare of 

China have learned xvith regret of his recent 
resignation as Minister to China. His xvith- 
draxval fr<im Peking will be a bloxx- to American 
interests in that country.

In the last fexv months there has been a good 
deal of public discussion of China. Some of it 
has been intelligent and illuminating; some 
of it xvide of the mark and misdirected. On 
the xvhole this discussion has contributed to a 
better understanding of China and her prob­
lems. As a result, the merely friendly interest 
of America has been changed to one that 
promises to be beneficial and of practical value 
to China. The active interest and good 
wishes of America and other nations xvill avail 
most xvhen, as the President of the United 
States has suggested, in a spirit of the utmost 
friendship, China composes her internal dif­
ferences. The pressure of international forces 
xvorking today upon all countries, especially 
the xveaker ones, makes it necessary, if China 
is to become again as she xvas in the past the 
most poxverful nation on the Asiatic Conti­
nent, that she present a unified front to the 
xvorld.

No nation has been poxverful that has not 
possessed the consciousness of nationalism. 
Without that the strength of a nation is as a 
rope of sand. In the paa nationalism has 
largely gone hand in hand xvith the martial 
spirit, and it is not likely that this spirit xvill 
be replaced by cosmopolitanism, at least not 
for a long xvhile. Fortunately the spirit of 
democracy is leavening the xvorld. The peo­
ple of China have alxvays been democratic at 
heart and for many centuries were warlike. 
Observers of far Eastern conditions state that 
the dormant martial spirit is noxx- axvakening.

What is more important China is now 
struggling to become truly republican. That 
is the initial step toxvards a great China.

No one realizes this better than those 
Chinese xvho have been trained in America 
and have absorbed its political ideas. Cm 
these students then falls the responsible duty 
of upholding and applying at all costs the 
democratic principles on xvhich the Republic 
of China xvas founded.



Centrifugal Compressor Installation at Newport 
News Shipbuilding and Dry Dock Co.

By Dk. I. < ' l.m- w i xsi i ¡x 
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A very novel installation oi :t centrifugal 
compressor lias been made al the plant of the 
Newport News Shipbuilding and Dry Dock 
Company, Newport News, Va. It is probably 
the first time in this country, and. as far as wc 
know, the first time anywhere, that a centrif­
ugal compressor has been installed for pre­
compressing the ;iir supplied to the cylinders 
of a number of reciprocating compressors in 
order to increase their output.

The original installation of reciprocating 
compressors was found to be inadequate for 
supplying the shipyard with enough air at 
1(H) lb. pressure to take care of the demand. 
Most of this air was used in air-riveting

hammers. ami the nmaindir in uual work 
demanding com pressed air about a plant ol 
this kind. In April. IHI5. a centrifugal । on - 
pressor was installed which was to take 
atmospheric air and compress it to about 
21 lb. per sq. in. pressure. This compro-ed 
air is delivered to an air cooler, and after 
proper cooling is admitted to the intake of 
the air cylinders of the reciprocatir. com­
pressors. The previous total capacity of all 
four of the reciprocating compressors was 
7s2(> cu. ft. of free air. By the new arrange­
ment, the admission of compressed air into 
the intakes of only three of the reciprocating 
compressors increased their air delivery to 

TABLE 1

INITIAL PERFORMANCE OF RECIPROCATING COMPRESSORS

Str. ke

CYLINDER

Steam 

H.P. L.P.

DIAMETER

H.P.
R.P.M.

Ft 
n^p’are- . 

men*
< u Ft. 

Fr< e 
Air

Ingt rsoll-Sargeant 1 24 oo 30.00 IS. 25 9 ! 1SI »0 153(1

Laidlow-Dun-Gordon 2 .".(I 24 44 36.00 22.00 S6 30’10

Laidlow-Dun-Gordon 3 .ill 24 44 36.00 22.00 S6 3000 2550

Ingersoll-Sargeant .... 4 .36 14 26 22.25 13.25 64 1400 1190

Total air, cubic fidt, per minute. . 7s2< •

TABLE 11
PERFORMANCE AFTER INSTALLATION OF• CENTRIFUGAL COMPRESSOR

y f- Str. ke
CYLINDER

Steam
DIAMETER

Air R.P. M.
Ce. F*. 

d>sP:.. F-V 
A:r

H.P. L.P. L.P. H P.

Laii How-Dun-Gordon 2 311 24 44 32.00 22.00 s 2360 4030

Laidlow-Dun-Gordon . 3 30 24 44 32.00 22.00 s6 23611 4030

Ingersoll-Sargeant .... 4 36 14 : 6 20.00 13.25 1 4 11!>U 2030

Total ;iir, cubic fid per mind i. 10,090
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1(1,901) cu. ft. of free air; and by running the 
fourth reciprocating compressor the total 
possible output is increased to 11,020 cu. ft. 
of free air.

centrifugal blower is, therefore, primarily 
taking steam at a few pounds above atmos­
phere and exhausting it into a condenser. 
The turbine, however, is provided with high-

Fig. 1. Mixed Pressure Curtis Turbine-driven Centrifugal Compressor

An, ther ven interesting feature is the 
driving of the centrifugal compressor by the 
exhaust steam of the reciprocating blowers, 
as these were designed to operate non-con- 
denriiig. The steam turbine driving the 

pressure steam should the low-pressure steam 
supply fail or be insufficient.

The original plant equipment consisted of 
the reciprocating type air compressors listed 
in Table I.

Fig. 2. Plan and Elevation of Installation of Curtis Turbo Centrifugal Compressor



CE N TR I PTC, AL COMPRESSOR INSTAI.LATP »X

With this equipment the air pressure xvas 
90 lb. per sq. in. The engines xvere operated 
non-condensing on 120 ll>. jht sq. in. initial 
steam pressure and 3 11>. per sq. in. gauge back 
pressure. 'I'he exhaust steam from the

to supply air dinctlx for tlx pip- ' >•
forges. The centrifugal । ompr< I I; 1, 
has four stages atxl t 'apabb < ,f uppl . n / 

1 1,000 cu. lì. of alinospliox air pi r u num 
against 21 lb. per sq. in. pn- un-. T1 < < or -

Fig 3- End Elevation of Turbo Compressor Installation

engines xvas partly used in a loxv-pressure 
turbine generator and the remainder xvasted 
to atmosphere.

The centrifugal air compressor xvas installed 
to supply air at about 20 to 21 lb. gauge 
pressure to the reciprocating compressors and

pressor is driven by a two-stage Curtis steam 
turbine of the mixed-prt ssure type. The 
turbine is arranged to use all the available 
loxv-pressure steam from the exhaust of the 
reciprocating air compressors and other 
sources, except for the steam supplied ’o a 

Fig. 4. Photograph of the Turbo Compressor as Installed
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small low-pressure turbine-generator set. If, 
at some time, there is not a sufficient supply 
of low-pressure steam, thi go ernor on the 
turbine driving the compressor will auto­
maticallx admit sufficient high-pressure steam 
to carry the load. A concrete conduit is pro­
vided to supply clean air from outside the 
engine room to the centrifugal compressor. 
An inter-cooler is located betxveen the 
centrifugal compressor and the reciprocating 
compressors to cool the compressed air before 
it enters the reciprocating compressors. The 
low-pressure air cylinders of the txvo Laidlow-

B\ comparing the tabulations giving the 
outputs before and after the installation of 
the centrifugal compressor, it xvill be noted 
that the total output of high-pressure air is 
increased from 7820 to 11,620 cu. ft.

In the operation of the plant during regular 
xvorking hours it xvas planned to operate only 
txvo Laidloxv-Dun-Gordon compressors to 
carry the normal load, xvhich xvould give 
8060 cu. ft. of air per minute at 00 lb. pres­
sure; and in this case there xvould be available 
for use in the forges and ovens any quantity 
up to about 3000 cu. ft. of air per minute

Fig. 5. Indicator Diagram Taken on Smaller 
Ingersoll-Sargent Compressor Before In­

stallation of Turbo Compressor

Dun-Gordon compressors and the smaller 
of the txvo Ingersoll-Sargeant compressors 
were bushed so as not to overload the steam 
cylinders and to more nearly balance the work 
betxveen the low-pressure and the high­
pressure cylinders.

The rearrangement of the plant with the 
installation of the centrifugal air compressor 
supplying air, at 20 lb. pressure and 150 deg. 
F. temperature, to the reciprocating com­
pressors gax e the outputs listed in Table II.

The larger of the Ingersoll-Sargeant com­
pressors xvas not arranged to receive air under 
pressure as it was planned to operate this unit 
xvhen the load was verx light or as a spare 
unit, the centrifugal and the other reciprocat­
ing compressors being shut down.

Fig. 6. Indicator Diagram Taken on Smaller 
Ingersoll-Sargent Compressor After In­

stallation of Turbo Ccmpressor

at 20 lb. pressure supplied from the centrif­
ugal compressor.

The general layout of the compressor 
plant is shoxvn in Figs. 2 and 3. The instal­
lation of the centrifugal compressor is shoxvn 
in Fig. 4.

Fig. 5 shows the indicator diagram taken 
on the smaller Ingersoll-Sargeant compressor 
in its original condition taking air at atmos­
pheric pressure. Fig. 6 shoxvs the indicator 
diagram taken on this compressor after the 
loxv-pressure cylinder xvas bushed and receiv­
ing air at 2(1 lb. pressure.' The indicated air 
horse-power xvas slightly greater after the 
change, but not enough to affect the operation 
as the steam cylinders had sufficient power to 
take care of slight variations.



The Arrangement of Electrons in Atoms and 
Molecules
PART III

By Irving Laxgmi ir
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In this, the concluding m-t.dlnu-nt. tin- author de.il- with the Vi si ■ .< '
to the compounds of sodium, magnesium, aluminnm. sdn on, pho-phom , nip' nr and . I bso 
in its simplest form will not. however, apply to element- of higher .it'-"" weigh' than •• । :
author discusses in what respect- hi- theory has to be modified to tit the • ■ . a e . w 1 s 1 .n, . ■
by the ordinary theory of valence, but lor which a theory has been dexeh.pcd by Weiner. ' 
points out the relation between his theory and that of Werner, showing t li.n what In- de ign m i 
is identical in most cases with Werner's co-ordination number. EihhiR.

S< cond Short Period
The atoms of the elements beyond neon 

easily give up electrons ami revert to the 
form of neon. The first two elements A\i 
anti My have properties which tire practically 
wholly tiependent on this giving up of elec­
trons. With increasing numbers of electrons 
the larger electrostatic forces make it more 
and more difficult for the atom to revert 
to that of neon, but tend rather to make tile 
atom take up additional electrons to form a 
structure like that of argon. According to 
ordinary potential theory electrons uniformly 
distributed throughout a spherical shell 
should exert no forces on electrons inside the 
shell, but should repel those outside the shell 
as though the electrons in the shell were con­
centrated at the center. On the other hand, 
an electron in the spherical shell itself is 
repelled by the others in the shell as if one 
half of the other electrons were removed 
altogether, while the second half were con­
centrated at the center. Thus let us consider 
a carbon atom (A' = (>) which has taken up 
four extra electrons and has completed its 
octet. An electron in the outside shell is 
thus attracted by the nucleus which has six 
positive charges, is repelled by the two elec­
trons in the first shell as though they were 
concentrated at the center, and is repelled 
by the electrons in the outside shell as if four 
of them were concentrated at the center. 
The repulsion of the electrons is thus only 
just able to neutralize the attraction by the 
nucleus nothwithstanding the fact that the 
whole atom has an excess of four negative 
charges. If. instead of taking carbon, we 
had considered nitrogen, there would have 
been a large resulting force tending to hold 
the electrons even afteJ three extra ones had 
been taken up by the atom. These considera­
tions indicate one of the reasons why the

* Tables and curves giving these atomic volumes have been 
given by Harkins and Hall. Jour. \mrr. Chem. X»<.. is'. 196 
(1916,.

symmetrical arrangement- of electron- n,r- 
responding to the inert gases have such ver; 
great stability and why the elements lik< 
oxygen and especially fluorine have such ver; 
great tendencies to take up electrons.

According to the above calculation. carbon 
might just be able to hold four electron 
while boron could not do so. In the crude 
theory just given, however, we have neglec ted 
to take into account the formation of pairs 
when electrons are shared between octets 
or between these and hydrogen nuclei. This 
will greatly increase the tendenc* of an atom 
like that of carbon to take up electrons to 
complete its octet. For this reason we also 
And a few boron compounds such as HTF,. 
metaboric acid, etc., in which the boron atom 
has an octet. These same arguments apply 
to .suc h elements as I^Rninum and silicon.

Atomic Volumes
The properties of the elements lithium 

beryllium, and boron are not closely related 
to those of s >dium, magnesium and aluminum 
as these are to potassium, calcium and scan­
dium. Instead we find very marked resem­
blances between lithium and magnesium, 
beryllium and aluminum, and boron and 
silicon. These1 differences and similaritiis arc 
due. I think, to the small at< mic volumes of 
lithium, beryllium and boron in their com­
pounds. Before considering these elements 
individually a discussion of atomic volumes 
will not be out of place.

The periodic relationships between the 
atomic volumes of the elements are usually 
based on the volumes of the fret elements 
in solid or liquid form.* Because of the 
radically different structures which occur 
among these substances these measurements 
give very little informati m in regard to the 
real volume of the atoms. Thus the strut ture 
of fluorine with its diatomic molecules is so 
different from that ofBWtallic sodium that 
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effects due to the di 'erence in constitution 
may mask any real changes in the volume of 
the atoms. This difficulty is largely avoided 
if we consider the volumes of the atoms in the 
form of similarly constituted compounds.

In view of the ven- great stability of the 
octet in neon it seems probable that the 
volume of this octet is not materially dif­
ferent from the complete octets in the fluorine 
and sodium ions. The closeness to which two 
octets can be made to approach each other, 
however, should depend on how great the 
forces are xvhich draxx- them together. In 
liquid neon these forces are xveak, so the 
atoms should be at comparatively- great 
distances. The atomic volume G.e., atomic 
xvcight divided by the density of the liquid) 
of neon is 19.2. Sodium fluoride consists of 
sodium and fluorine ions held together in a 
space lattice by the positive and negative 
charges. Both ions contain complete octets 
xvhich differ from those of neon only because 
of the slightly different charges on the 
kernels. Il may be assumed that the fluorine 
and sodium octets contribute equally to the 
molecular volume of sodium fluoride xvhich is 
L5.2. Thus xvhile in liquid neon the volume 
xvas 19.2 in sodium fluoride the volume 
occupied by each octet is 7.6. Il is probable 
that the volume of the octet itself, that is, 
the volume of the cube formed by the elec­
trons. is not materially different in the txvo 
cases but the strong forces in the sodium 
fluoride draw the octets closer together. 
Magnesium oxide whose molecular volume is 
11.0, consists of oxygen atoms xvith a double 
negative charge and magnesium atoms xvhich 
have lost txvo electrons- in both cases giving 
a simple octet xvith a structure like that of 
neon. The volumes occupied by each octet 
is thus 5.5 as compared to 7.6 in sodium 
fluoride and 19.2 in liquid neem. These 
results give a measure of the extent to which 
octets may be made to approach each other 
more closely by strong forces. Comparing 
magnesium oxide and sodium fluoride the 
relative distances betxveen the atoms are as 
the cube roots of their volumes or as 1 is to 
1.114. The ratio of the forces acting betxveen 
the atoms, taking account of the double 
charges of the magnesium and oxygen atoms, 
is as 1 is to 4.98. Thus for a five-fold increase 
in the force the volumes occupied by the 
octets lias decreased 27 per cent (7.6 to 5.5). 
The atomic volume of metallic sodium is 
23.7 greater than even that of neon, not- 
xvithstanding the fact that the charges on the 

* Franck and Hertz, Verb, deut physik Ges., 15, 929 (1913).

electrons and the positively charged sodium 
ions might be expected to exert strong 
attractive forces compared to those in liquid 
neon. It is not reasonable to suppose that 
the actual volume of the octet of the sodium 
atoms in metallic sodium is much different 
from that in sodium fluoride. The large 
volume of metallic sodium must then be due 
to a specific repulsion betxveen a completed 
octet and a single free electron xvhich keeps 
the electron from approaching the octet. 
It is probable that this same repulsion is the 
cause of the remarkable and apparently 
perfect elasticity- of the collisions betxveen 
electrons and the atoms of the inert gases, 
or nitrogen.*  The fact that nitrogen is 
similar to the inert gases in this respect is 
additional confirmation of our theory that 
the nitrogen molecule has a single octet.

It is especially interesting to compare the 
volume of sodium fluoride xvith that of 
metallic sodium for in each case the substance 
is held together by- the forces betxveen par­
ticles having unit charges. The volume 
occupied by the sodium ion in sodium fluoride 
is 7.6. The free electron in metallic sodium 
increases this to 23.7 so that the electron 
seems to require a volume of 16.1 or more 
than txvice that of the octet. Hoxvever, the 
effect, is probably not quite as great as this 
for the distance betxveen the positive and 
negative charges in sodium is some 15 per 
cent greater than in sodium fluoride. The 
actual space lattice arrangement of the atoms 
also needs to be known and taken into account 
in any proper treatment of this subject. 
From the molecular volume of magnesium 
<>xidc it appears that the atomic volume of the 
octet is less than 5.5—it is reasonable to 
assume that xvith much larger forces it might 
approach a limiting value of about 4.0. The 
volume of a single neon octet is thus 6.1 X 
10--4 cubic cm. corresponding to a cube having 
an edge of 1.9X10~s cm.

Assuming the electrons and the sodium 
ions in metallic sodium to be arranged like 
the ions of chlorine and sodium in a crystal 
of sodium chloride, xve find that the distance 
betxveen their centers must be 2.7X1U"S cm. 
Presumably at distances shorter than this 
the repulsix-e forces betxveen a single electron 
and an octet more than compensate for the 
attraction betxveen oppositely- charged uni­
valent ions.

According to this viexx- the large atomic vol­
umes of thealkali metals are due to the volumes 
occupied by single free electrons rather than to 
a large volume of the atom as such.
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Magueshun, allhourh tlieri1 arc (wo free 
electrons for each atom, has an atomic 
volume of II.0. only a little more than hall 
that of sodium. Comparing this with mag­
nesium oxide, ol’ molecular volume II. it is 
clear that the electrons contribute much more 
to the volume of the mvtal than does the 
octet of the oxygen in the oxide. Il is prob­
able that the two free electrons form a more 
or less stable pair and are thus able to occupy 
a smaller volume than the single electron in 
sodium.

'I'he atomic volumes of the elements 
increase at first about in proportion to the 
atomic numbers ami then more slowly. For 
example, the ^Mnie volumes of the free al kali 
metals are Li, 13.1; AM, 23.7; K, 15.5; Rb, 
5(1.0, and (’.v, 69.S. The volumes in their 
compounds are seen from Nab, 15.2; KCl, 
37.-I; RbEr, 51.4, and ('si, M.b. In these 
compounds the two elements are chosen so as 
to have as nearly the same atomic numbers as 
possible. Half of these quantities should 
give a measure of the maximum atomic 
volumes of the inert gases lying between them. 
In this wax- xve find Ac. 7.6; Ar, IS.7; Rr. 
25.7. and A'c, 2S.7. The molecular volume of 
lithium fluoride is only 10.1), while that of the 
fluorine atom .alone in sodium fluoride is 
apparently 7.0. The atomic volume of the 
lithium nucleus must tints be very small, 
probably about 2.4. The same rapid increase 
in atomic volume between the first and 
second period is observed with the elements 
in the middle of the period, thus: E, 4.7; AZ, 
10.4, and (3.1; 5Z. 11.7.

It seems as though the total volume of the 
atom tends at first to increase in proportion 
to the number of electrons. This means that 
the cells of Postulate 3 have the same volumes 
even in different atoms in spite of the increas­
ing attraction of the nucleus. However, 
xvith larger atomic numbers the rate of in­
crease of volume is much less, and xvith 
certain elements like osmium notxvithstanding 
the high atomic number, the atomic volume 
is so small (8.5) that the hypothesis of 
constant cell volume seems untenable. It 
should be noted that the elements of small 
atomic volume are those in which there are 
larger numbers of electrons in the outer shell 
held by attractive forces (Postulate 6) to the 
underlying electrons. When there are either 
too few electrons, or when the electrostatic 
forces predominate, the atomic volume in­
creases.

•Jour. Amer. Chern. Soc.. CS. 2241 (lllllii.
tJ. Ind. Enn. Chern.. ■>. '.M 119161.

I .d ii. now coni imx■ w 1111 ;i di • n x o’ 
llx- proper!irs ol  '■l<■nx ninxhvxln.il

Eihlutm A’ II; /; I Tlx- propi iix .c 
iIcli-riiiined almost solei; b\ I hi• alnIil . o| n 
atom to gixe up one I'lcitrou It i mix 
more clccl ro-posil i vc than lithium biian ■ 
its atomic volume is greatcr so I hat tlx 
w it h which il holdr ils ch-el run is smaller

Magnesium A -12. /; =2. 'I’he propertie 
are largely dependent on the ability in gi; e 
up two electrons, 'flic double charge make 
this process more dilfn nil than with ,odium. 
There is thus a greater tendency to form 
insoluble salts and for hydrolysis to occur. 
Lithium, because of its small x’olume, hold ■ 
its electrons more firmly than sodium and 
for this reason resembles magnesium in the 
solubility of its salts, etc. Magnesium has no 
tendency to form an octet.

. \lit mi it it >>t N — 13. /; 3. 'file difficulty of 
iBing up three electrons to form a positive 
ion leads to marked hydrolysis and to a ten- 
dene}’to form insoluble salts. In compounds 
with oxygen, aluminum probablv forms an 
octet as, for example, KAIO2. If we place 
n = 3, c=l(), xve find p = I and are led to 
the formula (0 = Al = 0) . Beryllium 
with only two electrons in its outside shell, 
has a kernel of such small volume that it 
holds its electrons nearly as firmly as alum­
inum and therefore resembles aluminum in 
the solubility of its salts and in other ways.

Silicon Si=t4, E = 4 This element is no 
longer able to form positive ions but like 
carbon forms practically only compounds in 
which its atoms have octets. Boron owing to 
its small volume holds its electrons about as 
firmly as silicon and therefore resembles this 
element.

The chemistry of silicon compounds is 
complicated by the marked tendency to 
form second order compounds. The great 
number of silicates found in nature seem to 
be compounds of Sf(L xvith other oxides. 
The । >ctet theory is applicable to the formation 
of 5f< and each of the other oxides but not 
to the minerals resulting from their com­
bination. By far the greater number of such 
compounds exist in the solid state only. The 
number of molecules of each of the oxides 
that can combine together in this way to 
form crystalline solids is determined mainly 
by purely geometrical considerations. The 
writer has already discussed compounds of 
this kind at some length* and Sosmant has 
developed a similar theory.

A compound like IESiF6 differs from those 
we have just considered in that it exists in

nxhvxln.il


792 October, 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 10

aqueous solutions. The formation of such 
compounds is explained by Werner’s theory 
of supplementary valence, but without lead­
ing to a definite conception of the mechanism

Fi^. 14.
Diagram of Silicon Dioxide

of the combination. We have seen that 
fluorine has a particularly strong tendency to 
take electrons outright rather than to share 
them xvith other atoms. Thus xvhen fluorine 
reacts xvith silicon, four fluorine atoms take 
the four electrons from a single silicon atom. 
The fluorine ions are then held by electro­
static forces and surround the positively 
charged silicon kernel probably in a tetra­
hedral arrangement, but xvithout sharing 
electrons. The electric field is thus almost 
entirely enclosed within the molecule so the 
substance MF, is a gas of rather loxv boiling 
point. The silicon kernel having as its second 
shell an octet like that in neon, has a cubic 
symmetry. There is thus a tendency for the 
kernel to take up six rather than four fluorine 
ions since these ions can fit opposite the six 
faces of the cube in a ver}* symmetrical xvay. 
It may at first seem that a quadrivalent posi- 
tix*e ion could not hold six negative ions by 
electrostatic forces but close examination 
indicates that this arrangement should be 
possible. Let us assume that a silicon kernel 
lias taken up six fluorine ions to form the 
complex ion Si'Fs What are the forces 
acting on each fluorine atom? Let us imagine 
the fluorine ions at the six corners of a regular 
octahedron with the silicon ion at its center. 
We xvill take the distance from the center to 
the corner of the octahedron as the unit, of 
length.. Let us consider the forces acting 
on one of the fluorine ions xvhich xve xvill 
denote by A. The Attractive force between A 
and the quadrivalent silicon ion is four. 'I'he 
repulsion force betxveen A and the fluorine 
ion furthest from A is one fourth since the 
distance is txvo. Each of the other four 
fluorine ions is at a distance \ i from A so 
that the force is one half. But the component 

in the direction towards the center is only 
l/(2\/2). The four fluorine ions thus exert 
a total replusive force of 2\M or 1.41. All 
five thus repel the ion A with a force 1.41 + 
0.25 = 1.66, xvhile the silicon atom attracts it 
xvith a force of four. Thus notwithstanding 
the negative charge on the complex ion as a 
xvhole, each fluorine ion is attracted to the 
central nucleus as strongly as it would be to a 
simple positive kernel hax’ing a charge of 
2.34 units. The SiF« ion can exist as such 
in solution or can attach to itself two hydrogen 
ions to form H2MF„.

This simple theory indicates how com­
pounds xvith a co-ordination number of six 
can be formed because of purely geometrical 
and electrical factors. The forces causing 
such combinations as xvell as those holding 
complex silicates, etc., together, xvill be 
referred to as secondary valence forces.

The marked contrast between silicon and 
carbon in their tendencies to form second 
order compounds is probably due to the larger 
volume of the kernel of the silicon atom. 
This probably greatly decreases the tendency 
of the silicon atom to hold an octet xvhen 
combined xvith oxygen as SiO«. We may 
picture a molecule of SiO2 diagrammatically 
as in Fig. 14. When a second octet forms 
around the silicon kernel it xvould normally 
have a larger spacing between its electrons 
than those usual in an oxygen atom. When 
the silicon and oxygen atoms hold txvo pairs 
of electrons in common the electrons of the 
silicon atom are drawn ox*er toxvards the 
oxygen. This exposes the positively charged 
silicon kernel so that a large external field 
results. This effect is like that caused by 
the double and especially the triple bonds in 
organic compounds. There is a continuous 
series of gradations betxveen a structure of 
this kind and one in xvhich txvo oxygen atoms, 
each xvith a double negative charge, are held 
electrostatically by the positively charged 
silicon kernel. In either case, hoxvever, the 
oxygen atoms because of their small number 
and small volume are not able to surrouna 
the silicon kernel and make its field nearly 
all internal as is the case in the carbon dioxide 
molecule. The large external field thus 
causes molecules of SiO2 to be held x*ery 
firmly to each other or to any other similarly 
constituted oxides. On the other hand, xvhen 
oxygen atoms completely surround a kernel 
of small volume as, for example, in osmium 
tetroxide, the xveak external field causes the 
substance to have a low boiling point (about 
I (10 deg. for OstL). When the silicon atoms 
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combine with the halogens or with hydrogen 
the larger number of these atoms allows thon 
more nearly to surround the silicon atom and 
this leads to the formation of liquid and gas­
eous products, in which secondary valence 
forces tire much less manifest.

Plies phortts A‘ = 15, /:=5. The phosphorus 
atom like that of nitrogen has live electrons 
in its shell. The ^Htliar arrangement by 
which two nitrogen atoms form a molecule 
with ¿1 single octet containing an imprisoned 
pair of eleclrons is impossible in the case of 
phosphorus because of the complexity and 
large volumes of the kernels. Phosphorus 
therefore cannot form molecules of the com­
position P, except by the structure P 
It also cannot form P3 for this involves an 
odd number of electrons. Lei us examint by 
the octet theory the possibility of forming Pt. 
Here « = 4, 1=20 and p = L. The only rea­
sonable ways in which four atoms can be ar­
ranged sharing six pairs are represented by

P- P 
p = p = p = p and II II 

P - P
Phosphorus vapor actually has the com­
position P^ It is probable from reasons of 
symmetry that its molecule is represented by 
the second of the above formulas as indicated 
in Fig. 15.

Let us now apply the octet theory to the 
various typical compounds of phosphorus. 
It will be seen that in every case results are 
obtained in full agreement with the prop­
erties of the compounds without any special 
assumptions in regard to valency. The 
structural formulas obtained are in most 
cases quite different from those derived from 
the ordinary theory.

Phosphorus Hydrides PtH2. a =4, c = 22, 
p = 0. This gives by analogy with Pi the 
formula

P = P 
I I 

HP-PH
For phosphine PH3, n=]; c = S; p = 0, 

hence PH^.
For liquid hydrogen phosphide POP, >i= 2; 

e = 1 4; p = 1. hence H2P-PH2.
Phosphorus Oxides. The sitboxide PiQ 

gives a = 5; c = 20 and p = 7 for which by 
analogy with Pt we find the structural 
formula to be

P =P P=p

P = P-O 1)r p~ P = O

Die frio\id< ha . a vapoi <|< i, - 
n - ponding to P,< L Tin >t o 
and /> 12 Since tins oxide i ob ar -I
the partial oxidation ol /'. and Iron •.

ng. is.
Diagram of the Phosphorous Molecule P.

of symmetry it is probable that its constitu­
tion is

0

0 = P- P-O

O- P- P = O

0
In this formula there are 12 Mirs of electrons 
held in common in accordance with p=12. 
Each phosphorus atom not only has its octet, 
but has all four pairs of electrons in each of 
these octets shared by other atoms. W< shall 
see that in practically all phosphorus com­
pounds just as in carbon compounds there is 
a strong tendency for the four pairs in the 
octet of the central atom to be shared. In 
fluorine we have noticed just the opposite 
tendency, namely, not to share any of the 
pairs with the other atoms.

If we represent a molecule of the trioxide 
by P2O3 its constitution can be written 
0 = P — 0 — P = 0. This should be rather 
unsaturated as compared to the ring since 
only three pairs of electrons around each 
phosphorus atom are shared. This f nnula. 
however, shows the relationship of the tri­
oxide to the acids of phosphorus better than 
the ring formula. A reas nablt transition 
between the two structures is

0- p-0- P-0
II II

0- P-O- P-0
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Phosphorus Pentoxide. The vapor density 
indicates the formula PfO io- This gives 
n = 14; c = S0 and p = 16. From its derivation 
form P/U the most probable constitution is

0

0 = P-O- P-O
I

0 0I
O-P-O- P = O

0
If the formula of the pentoxide is taken as 

0 0
Pd we can write its formula O = P -(> -P = 0. 
It is readily seen that the octet theory indi­
cates that no oxides higher than the pent­
oxide should exist.

Acids o^Uhosphorits. The following table 
shows the constitution of the various acids 
as given by the octet theory.

The constitutivas determined from the 
values of p tire shown more clearly in Fig. 16. 
In each case all ^ur pairs of the phosphorus 
octets tire shared by the adjacent atoms. It 
is significant that these formulas give cor­
rectly the number of replacable hydrogen 
atoms. Thus hypophosphorous acid is a 
monobasic acid, while phosphorous and pyro­
phosphorous acids tire dibasic. This is readily 
explainable by the formulas for it is seen that 
in the first case txvo of the hydrogen atoms 
and in the other cases one atom is bound 

directly by each phosphorus atom and there­
fore does not shoxv acid properties.

Phosphorus Chlorides. For the trichloride 
PCls, xve find ;z=4; c = 26 and p = 3. The 
phosphorus octet thus shares a pair of elec­
trons with each of the three chlorine atoms. 
Here is one of the few cases in xvhich the 
phosphorus atom does not share four pairs. 
It is readily seen from the octet theory, hoxv- 
ever, that phosphorus could not form a 
compound PCh. Since the chlorine atoms 
can nearly surround the phosphorus atom 
and each atom has its octet, the trichloride 
molecule has a xveak external field and hence 
has a fairly loxv boiling point (76 deg.).

For phosphorus pentachloride PCh xve 
pla^B« = 5; c = 40; p = o. This leaves the 
phosphorus kernel xvithout an octet, the five 
Morine ions being held by electrostatic 
attraction. The external field is xveak and 
the substance evaporates easily. The ten­
dency of the phosphorus kernel to acquire 
an octet even if it has to take txvo electrons 
from chlorine ions makes this compound 
dissociate easily into the trichloride and 
chlorine. If instead of placing n = b we place 
« = 6; then c = 40, and xve find p = 4. The 
five chlorine atoms cannot share four pairs 
of electron xvith the. phosphorus octet, but 
xve can imagine that in the solid state of 
Pl I:, four of the chlorine ions share elec­
trons xvith the phosphorus octet to form an 
ion tP( IJC xvhile the other chlorine ion 
is held in the space lattice by electrostatic 
forces. It is perhaps probable that the

TABLE V

PHOSPHORUS ACIDS

Name n e P Constitution

Hypophosphorous II2PO2 . . . 3 20 2 HO-(PHO -0

Phosphorous II¡P()3........................... 4 26 3 HO— (IIP—0)—OH

0 0
Pyrophosphorous ICP.Ob............... 44 6 HO-P-O-P-OH

Il II

HO^ ^OII
Hypophosphoric IlJÊÛr,....................... ... s Õ0 i O—P—P—O

HO" ''OH

Metaphosphoric IIPOS . . . . 4 24 4 0
O = P —OH

HO^
Orthophosphoric H-Po. . . . . 0 32 4 HO-P-O

HO"

IKX ^OH
Pyrophosphoric ICPj>-................ 9 .>11 S O-P-O-P-0

HO" >011
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structure of soliti /’( 7., is of t his kind. Il so. 
the high melting point (118 deg.) of /’( 
compared with /'( I, ( I 12 deg.) is expía ine, I 
by the large electrostatic forces holding the 
/X 'h 1 and ( 7 ions to each other and by the 
symmetry of the /'( if ion. However, liquid 
PCI., is a non-conductor of electricity so that 
in this state only molecules of the type /’( L 
exist.

In the compound /’( k I, we find that all 
the atoms can complete their octets without

point the i a por inn it- uh . ' ' "I

metrical is more probable. The mo n - 
metrical formulas seem to be, I, a < on-

Diagrams of Molecules of Phosphorous Oxy-acids

difficulty. Thus ii = 3, c = :>2, p = A so that 
each of the four atoms shares one pair of 
electrons xvith the octet of the phosphorus 
atom. This is the reason that phosphorus 
tends so strongly to form this type of com­
pound xvith the halogens.

Sulphur A’=1G, E = C. Since the shell 
contains six electrons like that of oxygen, xve 
might expect sulphur to form a molecule 5:. 
At very high temperatures, sulphur vapor 
has a density corresponding to this formula, 
but at temperatures a little above the boiling 

tinuous ring of eight electrons arranged in 
space as shoxvn in Fig. 17. This structure 
alloxvs the secondary as xvell as primary 
valence forces to be satisfied. The molecule 
probably draxvs itself together rather more 
compactly than shoxvn in the figure and thus 
forms a very symmetrical structure resem­
bling regular tetrahedron. 2. The second 
possible ring formula is
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Although this has a superficial resemblance 
to the structures best representing the Pi 
molecule, it seems unlikely that it corresponds 
to the constitution of 5S. We shall see that the 
tendency of the sulphur atoms to form chains 
is a characteristic property of this element.

F.g 17.

Polysulphidcs. Tj^ tendency by xvhich 
c^-gen atoms attach themselx es to each other 
forming compounds like ozone and hydrogen 
peroxide, is exhibited in still great degree by 
sulphur atoms. Thus there is a series of 
sulphides of sodium represented by Ara2Sx 
where .v may have values up to five. Placing 
n =5, t = 32 w e find p = 4. The most probable 
structure is

The octet theory thus explains the formation 
of the sulphides from V'a2S to A'uaN, and 
indicates that more than five sulphur atoms 
in the anion xvould require a more complicate“ 
structure.

Oxides of Sulphur. For sulphur dioxide we 
find n = 3, c= IN, p = 3, giving the structure 
O = S — O. For the trioxide SO3 xve have n =4, 
e = 24, p = A. and th^Snd O = S^q This is 

the most stable oxide because all four pairs 
of electrons of the sulphur octet are shared 
by the oxygen atoms. It is readily seen from 
the octet theory that the molecules 0 = 5^^ 

should shoxx* a tendency to polymerize to 
form long chains having the structure

() 0 0 0 F
0 S 0 S 0 S 0 S 0 S = O 

0 0 0------------0
The more stable solid modification of SO3, 
xvhich consists of long fibrous crystals prob­
ably has this structure.

The very unstable sesquioxide S2O3 xvhich is 
formed as a blue liquid or bluish-green solid, 
xvhen sulphur is dissolved in liquid S03, 
at 12 deg. C., gives bx the octet theory n = 3, 
¿> = 30, p = 3. It thus probably has the com­

position S —p and may thus he re’ 
garded as persulfide of. 5O3. The blue color, 
which indicates an unstable arrangement of 
electrons, is probably quite analogous to that 
produced by the action of hydrogen peroxide 
on chromates.

Persulfuric anhydride S2O7 is a very volatile 
liquid xvhich solidifies to a mass of long 
needles at D deg. C., and decomposes readily 
into oxygen and S03 xvhen heated. The 
octet theory gives h = 9, £> = 54 and p = 9. 
From this value of p and from the fact that 
the product is formed by an electric dis­
charge under conditions xvhich yield ozone, 
the constitution probably is 

0 0I \
0-5-O- S = 0—0 

I 
0

Oxyacids. The constitutions of the ions 
of these acids as found by the octet theory 
are given in Table VI. The ions rather than 
the free acids are tabulated because mam 
of the acids do not exist in the free state. In 
determining the value of c the charge on the 
ion must be taken into account.

In the more stable acids all four pairs of 
electrons in the octets of the central atoms 
are shared by the adjoining atoms.

Halogen Compounds. The most stable 
chloride of sulphur is S2Cl2 for xvhich » = 4, 
e = 26, p = 3. The constitution is thus 
(7 — 5 — 5 — Cl. The very unstable chloride 
SCl2 has the structure Cl-S-Cl. The 
tetrachloride exists as a solid at very low 
temperatures and has been said to exist as a 
liquid at 20 deg., but dissociates rapidly 
xvith rise of temperature into chlorine and 
S2C72. The octet theory gives for SCh *=5, 
¿• = 34, p = '.}. This indicates that three 
chlorine atoms share pairs of electrons xvith 
the sulphur atom and form a positive ion 
(N(73)+while the fourth chlorine atom forms 
an ion (7~. Since the sulphur atom shares 
only three of its pairs of electrons such a 
compound should be very unstable. There 
is, hoxvever, very little evidence that it 
exists, except in the solid state. It is more 
probable that a very unstable second order 
compound betxveen (72 and S>Cl2 accounts for 
the experimental data.
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Fluorine has so little tendency to share 
electrons with other atoms that it forms only 
one compound with sulphur, namely. .s7-f,. 
The symmetrical arrangement of the six 
fluorine tons opposite the six faces of the octet 
of the sulphur kernel, anil the fact that the 
fluorine atom and the sulphur kernel are of 
about the same size, gives the compound SFf, 
an extraordinary stiibility. As a matter of 
fact, this gas. not withstanding the large 
proportion of fluorine in its composition, is a 
lasteleH and odorless gas which is exceedingly 
stable and inert.

Another ta t. I<- and ...Iml. .
ing fluorine i» formed when .rd ■
are brought into eontaei with a '■ ■ a'. .c-
muin wire. The e<>n>po»itton 1 ' ' I- lb:. 
n <■ .32 and /■ I. Tlii m ■ • ■ ■ •

/•

stitutionO — s' —<) in whh h ea.

F
a’ an shares a pair of electron- wrl • 
sulphur atom. In this ca»c the tm,.|e-. ■ .f
the fluorine to share clcctrm ha» bee: • • <-r- 

TABLE VI

IONS OF THE SULFUR ACIDS

Ci

Same of Acid Formula H c r CoTPDtu'icn

Sulf urous.......................................... .... 5<L “ 4 26 ‘ J - ’ i )

Sulfuric............................................. .... >r - 4
f '

(> m i 1
Hyposulfurous................................ .... «£•(?< 38 .*

)

f1
Thiosulfuric..................................... .... 52() * 4

( )

0 0

Pyrosulfuric..................................... • • ■ ■ 5. M - -1 56 s 0 - s _()_ 5 - ,

O 0

<> 0

Dithionic......................................... .... 5j ), s 50 - 0 — S - 5 -0

O 0

0 0

Trithionic........................................ .... 5,or - p 56 X 0- S - 5 - 5 -

C) 0

0 0

Tetrathionic.................................... .... 5XV“ 10 62 G 0- 5-5-5-5 -0

0 0

0 1

Pentathionic.................................... .... N.or - 11 iiS 10 0 - 5 _ 5-5- 5 -0

0 0
f J Ü 0

Persulfuric........................................ .... s2op - It) 62 p 0- s - 0-5-0
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come by the combined t endencies of the sulphur 
atom to take up an octet and to share all four 
of its pairs of electrons with its neighbors.

Chlorine A'=17, E = 7. The essential dif­
ferences between chlorine and fluorine seem 
to be due to the more strongly electronegative 
character of fluorine and its smaller atomic, 
volume. Chlorine, like fluorine, tends to 
form negative ions, but it differs from fluorine 
in that it can share electrons with oxygen, 
especially if at the same time the molecule 
takes up electrons from some more strongly 
electropositive element. It shows a tendency 
like phosphorus and sulphur to share all four 
pairs of its electrons if it has to share any.

Oxides of Chlorine. The monoxide CLO 
according to the octet theory has the struc­
ture CZ —0 —CZ, since p = 2. For the hep­
toxide ClyL we place w = 9. ¿ = 56 and find

0 01 I
p = C giving the structure 0 — C 1 — O—& — O.I I

0 0
This is the most stable oxide of chlorine since 
each chlorine shares four pairs of electrons. 
The peroxide ( Z(L, the least stable of the 
oxides, contains 19 available electrons. It is 
thus one of the few compounds that have an 
odd number of electrons. The only other 
compounds of this kind we have thus far 
considered, namely. NO and A'tL, had in 
each ease one electron too many to form the 
normal structure. Bui (7( L has one electron 
too few to form a normal compound of the 
type O — Cl — O. The determination of its 
structure will be an interesting but probably 
difficult problem. It is significant that no 
oxide of chlorine corresponding to NO is 
known. This is probably due to the fact that 
a condensed structure like that of NO, CO, 
etc., is not possible with atoms having an 
octet in their kernels.

Oxy-acids. The octet theory' explains 
immediately' the chlorine oxy-acids. Thus 
four oxygen atoms can be successively added 
to the chlorine atom in hydrochloric acid. 
This gives the acids

HCl, HCl — 0. HO-Cl-O. 
0 0

HO-Cl-O and HO-Cl-O

0 
corresponding exactlv to the acids 

0
H^O; H0-N = 0- HO-N =0.

In each case the octet theory shows why- 
higher acids cannot be formed. In nitric acid 
and in perchloric acid all four pairs of elec­
trons in the octet of the central atom are 
shared by the adjacent atoms.

First Long Period
Beyond argon we find that the first three 

elements have properties closely- related to 
those of the second short period, but, as was 
already pointed out in the discussion of the 
structure of the atoms, these relationships 
largely disappear beyond titanium. From 
this point on we find’ that the octet theory 
dots not apply at all if in calculating e we 
take the total number of electrons in the shell. 
For example, all chromic, manganous, ferric 
and cobaltous salts contain odd numbers of 
electrons. This difficulty- disappears, how­
ever, if in calculating e in Equation 2 we 
consider only the available electrons. We 
have already discussed why only- a certain 
traction of the electrons should be available 
in these elements.

There is nothing arbitrary- about this 
choice of the number of available electrons. 
In compounds of iron, chromium, manganese, 
etc., there are fundamental changes in the 
character of the compounds whenever the 
number of available electrons changes. Fer­
rous and ferric salts, for instance, even in the 
solid state, are as different from one another 
as though they were salts of different metals. 
Their colors, magnetic properties, chemical 
properties, etc., are all unmistakably dif­
ferent. But among the elements which pre­
cede argon there are no such differences. 
Thus we cannot satisfactorily divide nitrogen, 
phosphorus or chlorine compounds into classes 
according to the valence of their parent atom.

In the compounds of T, Cr, and Ain in 
which these elements enter the acid radical, 
there seems to be a tendency- for the. central 
atom to form octets, although the stability 
of the octet is much less than those formed by 
P, 5 and Cl. Thus we repeatedly find com­
pounds, AMsT'Ot, Na^CrOi, Na2MnOi and 
NaAInO4 in which four oxygen atoms sur­
round the central atom. Since the. free atoms 
of these elements have little or no tendency 
to take up electrons to complete their octets, 
we must conclude that any kernel with a 
sufficiently large positive charge (five or 
more) tends to surround itself with an octet 
provided all four of the pairs of electrons in 
this octet arc shared by adjoining atoms. Thus 
we may speak of any- octet being stabilized 
by the sharing of its pairs.
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Among the I'li-ments bcxond argon it is 
i ommon to find that a single element forms 
.everai acids corresponding to different 
numbers of available eleelrons as illustrated, 
for example, by Na.Mmf and XaMHih- 
In tlie first compound lite manganese atom 
lias six available electrons while in the second 
it has seven. We must picture to ourselves 
the manganese kernel in the first ease its 
consisting of a simple kernel like that of 
argon, having seven positive charges, holding 
a single electron prisoner xvi thin t he outer octet 
that is shared by the four oxygen atoms.

It is evident that this sort of thing greatly 
complicates the application of the octet 
theory. 'Die difficulty, hoxvever, is one tImt 
is forced upon us by the actual properties of 
the elements beyond titanium. Complica­
tions of this kind are observed especially 
among such elements as I', Cr, Mn, Cb, Me, 
Ta, II' and U.

Another factor that complicates the chem­
istry of the elements of high atomic weight 
is the general tendency to form secondary 
valence compounds, especially by the ele­
ments of small atomic volume, such as those 
in the so-called eighth group. All the ele­
ments of high atomic xveight such as X/’, Ei, 
Sc, Tc, I, and (A, shoxx' very marked ten­
dencies to form secondary x’alenee compounds. 
A general discussion of this field, hoxvever, 
would be out of place here.

Valency, Co-ordination Number and Covalence­
valency

According to the octet theory each carbon 
atom in a molecule of an organic substance 
has an octet and shares all four pairs of its 
electrons xvith adjacent atoms. For organic 
compounds, therefore, a pair of electrons 
held in common by txvo atoms corresponds 
exactly to the bond in the ordinary valency 
theory. Among other compounds, hoxvever, 
this relationship does not hold. Thus the 
octet theory indicates that the nitrogen atom 
in HXO3 shares four pairs of electrons xvith 
the oxygen atoms, in other xvords, the valency 
of nitrogen is four. To distinguish betxveen 
the valency thus found and that assumed in 
the ordinary valence theory xve shall denote 
by the term “covalency" the number of 
pairs of electrons xvhich a given a'om shares 
xvith its neighbors.

Werner's co-ordination number represents 
the number of atoms, or molecules, irrespec­
tive of their valency, xvhich are arranged in 
space around a given atom. The maximum 
co-ordination number for carbon is four xvhich 

is nalizcd in sal ural id h di o< ai! " >1 A 
halogen compound' In man' oinani' 
siaiii cs, however. sinh a ' o... < H.ig . 
the eo-ordination iiiiinber 1 Io than loin 
Front I he standpoint of 1 h< o, 1 i t 1 D . .r , 11 • 
ordinary conception of \ali n< .- 1 not .]. in 11. . 
but involves at lea-' 111 r< <■ dilleri 1.1 tro;.- 
ert ics of t hi- at' mi■ I' ' tai i■ -i
relationships between tin- 1 -li 11n ■ 111 it Im
usually been neeessarx to di r< ard 
valencies of the eli-ment . except • । n , 
mum positive and negative valemii X' .■ 
the maximum positive valency is a d< fmi'-- 
conception it represents the number ' 
electrons in the shell of the atom. 'ITu 
the element combines xvith an exec- if 
fluorine or oxygen these elements will usually 
take all the eleelrons in tin- '.hell. 'I'he maxi­
mum number of fluorine almas or twice the 
maximum number of oxygen atoms thus held 
is a direct measure of the total number of 
;ixailal>le electrons in the shell. ( in ’hi- other 
hand, the maximum negative valency rep­
resents the number of electrons which the 
atom must take up to reach a stable form like 
that of the inert gases. Both of these con­
ceptions are definite, although quite different. 
In most compounds, however, the atoms do 
not take up or give up electrons hut rather 
share them xvith other atoms.

With carbon it so happens that the number 
of pairs of electrons shared by other atoms 
is equal to the maximum positive and the 
maximum negative \-alencx. For other 
elements, hoxvever. there is no necessary 
relation betxveen the number of pairs of 
electrons shared and the number of electrons 
in the shell of the original atom. It is for 
this reason that the utmost confusion occurs 
when the ordinary valencies are applied t । 
inorganic compounds in xvhich atoms shale 
pairs of electrons.

In using the octet theory to determine 
the structure of inorganic compounds xve 
determine p in Equation 2 from the total 
number of available electrons and make 
no assumptions regarding covalency. This 
simple theory corresponds xvith the known 
facts very much better than the ordinary 
valence theory, but does not yet accomplish 
all that could be desired in explaining why 
certain compounds exist, xvhile others do 
not. For exam].Ie, since phosph rotis and 
nitrogen atoms contain the same number 
of electrons in their shells, the simple 
octet theory represented Ir Equation 2. indi­
cates that nitrogen compounds correspond­
ing to all knoxvn phosphorous compounds 
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could exist and vice versa. Thus we might 
expect t he following compounds XOi, 
XaiX20-, P20. Similarly because sulphur 
and oxygen have equal numbers of electrons 
in their shells xve might expect compounds 
like OS2. Hi OSi, OF* and O2 Cl2 correspond­
ing to 5(L, H2 SOt, SF, and S2 CZ2 respec­
tively .

The octet theory may be made much more 
useful by supplementing it by a study of the 
values of the coTalency as observed for 
the different elements. We have already 
noticed that with carbon it is praeticallv 
alxx ays four while xvit h fluorine it is one 
or zero. Table VII gives in the column 
marked P a list of the values of co­
valency corresponding to the elements of the 
two short periods. The sy’mbol (0 + ) means 
that the atom does not share any pairs of 
electrons xvith other atoms but has given up 
one or more electrons and therefore has 
become positively* charged as, for example, 
in the case of the lithium ion. The symbol 
(0—) indicates that the atom has taken up 
electrons to complete its shell but does not 
share electrons xvith other atoms, as, for 
example, the chlorine ion Cl~.

The x-alues of P represent the number of 
pairs of electrons xvhich the atom shares xvith 
other atoms. In the column marked S is 
given the maximum number of pairs of elec­
trons xvhich an atom is capable of sharing 
xvith a single other atom. The values of P 
shoxvn by heavy-faced type represent the 
covalency xvhich occurs in the largest num­
bers o comJUnds. Thus for nitrogen in 

ammonium salts, in nitrates, in AT2 Oi, etc., 
P = A, xvhile in ammonia, nitrous acid, XCL, 
and many organic compounds, etc., P = 3.

This table brings out clearly* hoxv the 
covalency of the elements from carbon to 
fluorine decreases steadily as the number of 
electrons approaches that of neon. With the 
corresponding elements of the second short 
period the loxver limits of the covalency* 
decrease as in the first period, but the maxi­
mum covaleney* remains constant at 4. 
Thus chlorine forms HClOi, but there is no 
corresponding fluorine compound.

The covalence of an atom is closely* 
related to the co-ordination number. Accord­
ing to Kerner the co-ordination number is 
four in the following compounds XHi Cl, 
HEIC, H. SOi, H3 POi, HPHi O2, H> PHO,, 
HClOi, but not in HX03, C02 or CH20. 
According to the octet theory the co­
valency* of the central atom of all these com­
pounds is four. In HXOx, C02 and CH« 0 one 
or more of the oxygen atoms is held to the 
central atom by* two pairs of electrons, while 
in all the others there is never more than one 
pair of electrons involved in holding together 
txvo adjacent atoms. This difference betxveen 
the octet theory* and Werner’s theory ac­
counts for many* of the cases of unsaturated 
supplementary valencies.

In a very* great number of compounds the 
co-ordination number and the covalence are 
identical and the octet theory* then corre­
sponds exactly to Werner’s theory just as for 
organic compounds it is equivalent to the 
ordinary* valence theory.

COVALENCY OF THE FIRST EIGHTEEN ELEMENTS

E

TABLE VII

.Electrons

öheil

p
Covalency

Electrons 
in

1 Shell
Covalency s

H 1 (0 + ) 1 (0-) .. ..

He 0 I) 1 Ve II 0 .. 1
Li 1 ( 0 + I Na ] ■(0+)..................... ................. 1 • •
Be 2 0 + ............... ..

1 V« 2 i«’+) . . ' .. .. 1

B 3 O + ) 4 ...................' . . .1/ 3 \o + ) 4 .. ..

C 4 .... 4 . . . . 3 5/ 4 (0 + ) 4 . .. 2
N 5 .... 4 3 2 . 2 F .-> (%) 4 3 ( .. 2
0 (i .... (4) 3 2 1 2 ■ S 6 ■ 0 + ) 4 3 2 1 ¡(0-) 2
F 7 .... .... 1 (0-) 1 (7 7 .... 4 32 1(0—) 1
Ne 1) 0 . . . . -lr 0 0 .....................
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A few examples will make this clear hi 
the compound HBb\ wc have it b. c 32. 
/> = •!. Each fluorine atom thus shares a pair 
of electrons with the octet of the boron 
atom, The covaleney of boron is thus four 
in this compound. Similarly for A7/i< 1 we 
place n = 2. c— HI. p — 0. The four hydrogen 
nuclei thus attach themselves t<> the four 
pairs of electrons in the nitrogen octet making 
the positive ion A’///. Since the chlorine 
atom has a complete octet it exists as a nega­
tive ion. Therefore ammonium chloride is ;i 
salt resembling Mr'I. In this ease also the 
central atom, nitrogen, has ;i covaleney of 
four. These structures correspond exactly to 
those given by Werner.

An interesting compound whose constitu­
tion is not given by the ordinary valence 
theory is BtCHAs NH,. Applying the octet 
theory we have n = a. c = 32. 6 = 4. Whence 
the structure is

HA X R . NH, 
HA'" b - CH, 

According to the octet theory this is a typical 
primary valence compound in no wav- dif­
ferent from organic compounds. It is interest­
ing to note that in this compound the co­
valence of both the carbon and nitrogen 
atoms is four. The structure arrived at is 
identical with that postulated by Werner 
except that he assumes that the bond between 
the boron and the nitrogen corresponds to 
supplementary valence, while the others an 
of the primary type. The octet theory indi­
cates that they are all of the same type.

For the compound EiCHM we place n = 1. 
c = 24 and find p = A. But it is not possible 
to hold three methyl groups by four pairs 
of electrons. However, if we place n = 3 we 
find p = 0. The structure of this compound 
therefore must be B + ~ ~ (CHM". Since 
the volume of the boron atom is small com­
pared with the methyl group and since there 
are enough methyl groups to surround the 
boron atom, the electric field will be nearly 
wholly internal and the substance thus has 
a low boiling point and is not an electrolyte.

The compound PiCHAh gives « = 4, c = 26. 
p = 3 so that each methyl group shares a 
pair of electrons with the phosphorus atom. 
This compound can add itself to methyl 
iodide to give a compound _ _P<CHpJ. 
for which we find n = i\. ¿ = 40. p = 4. This 
leads to the structure [P(CHM]~I~ in 
which each of the four carbon atoms shares 
one of the pairs of electrons with the phos­
phorus atom. The covalency of both the 
carbon and the phosphorus atoms is four.

Ti e -tnumre i~- .malo;".n

K /T h. K/.n ( Au. * » A 11 / I- Mi- 
Pt P' i, J C etc . ran I»- Im:.A b. '; 
octet thcorv tn tlic satin- wa-. A a tit ., 
example let ns ((insider tin- plait' "-.-iHi!r"U!.: 
coinpimmls. In these the platinum : Hi ..( 
lent, that is. there tire two available •l'-i 'rm 
in the shell of the atom Enr the cunipiHmd 
Pt NUM '!■■ we place *|7 , - IS. p - I 
The four NIP radical' are thus h. M dir.-. : 1 
to the platinum each sharing a pair nt elec­
trons. This allows the nitrogen and the 
platinum to have a covalence of four 
The chlorine atoms become ions. For the 
compound [Pt NHod l]< ! wc place n = H 
< = H>. p= 1 The lhre< NIC radical' ami 
one of the chlorine atoms art attached to 
the platinum while the second chlorine form' 
an ion. The compound Pt NIL J l2 give' 
w=5. t- = 32. 6 = 4 so that both chlorine 
atoms are attached to the platinum For 
KtPtNHd'lA wc have n = b. . = 32. p=4. 
All three chlorine atoms and the XH, are 
attached to the platinum, and tl e potassium 
forms a positive ion. In K-:Pt . .4 wc find 
n=b. c = 32. p=l so that all four chlorin«, 
atoms are held by the platinum while the 
potassium atoms form pi si tire ions. It will 
be noted that in each of these cmpi -unds the 
covakr.ee of the nitn gen and platinum is 
four. According to this theory all these 
compounds Would be looked unon as typical 
primary valence compounds.

I on: pounds with Co-ordination N:t»:ber 
Fix. Me elements of the first short peri 1 
never have a co-ordination number greater 
than four. This is probably due tc the str 
tendency to complete the first octet. Among 
the elements f the second peri d silicon 
forms H-N:E' and a few other cm-.cur. Is 
which show a co-ordination number 4 six 
e- en when these compounds are it solution. 
Aluminum forms compounds like cryolite. 
A' i. but this exists only in the solid state. 
Phosphorus, sulphur, and chi rine ft rm • 
compounds of this kind with the exception of 
the compound X/V

The elements from titanium to nickel and 
the corresponding elements in the subsequent 
periods, have especial!) strong tendencies t 
form compounds with a co-ordination number 
six. With these elements th in. is little or no 
tendency to complete an - let unless al', four 
’pairs of electrons are shared, so it is not 
surprising that a larger number of pairs < t 
elect runs can also be taken up. We may 

covakr.ee
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imagine two ways in which this may occur. 
It is possible that a shell of twelve electrons 
consisting <>f six pairs tends to form around 
the central atom. We may call such a group 
a disextet. If m is the number of disextets 
in a molecule then we have by analogy with 
Equation 2
(3) /)= 1 2 02 m + Sw —c)

We may use this equation for compounds 
in which one of the atoms has a co-ordination 
number six in the same way- that Equation ‘2 
was used for compounds with co-ordination 
number four.

The other way of looking at these com­
pounds is to consider, as we did in the case 
of H« Si Ff„ that the central atom does not 
share any pairs of electrons with the sur­
rounding atoms, but holds these by electro­
static forces. It is evident that there is 
no difficulty in explaining the structure of 
K2PtCh on the assumption that the platinum 
atom has four positive charges and that the 
six chlorine ions are held around it by electro­
static attraction. ()n the other hand, it is not 
at first apparent how groups like NIC. H20, 
etc., can be held by electrostatic forces in com­
pounds like [PiLVTLOeK'/.! and PtCL (H2O)2. 
The groups that can enter into compounds in 
this way are N/i?,, HO«, HCl, PCl3, etc., in 
which the covalence is less than four.

We may look upon each of these groups 
as consisting of a central octet to which are 
attached positive radicals. In the cases of 
NH3, H«0 and HCl the hydrogen nucleus 
is the positive element. In PCl3 the central 
octet has eight electrons having a kernel with 
only five positive charges, so that it has a 
net negative charge of three units. Each 
chlorine atom contributes to this structure 
six electrons and a kernel with seven posi­
tive charges, a net positive charge equal to 
one.

If we now assume that the positive parts 
of these added substances are mobile, then 
when the. molecule is brought near a positive 
charge the central atom is attracted by this 
while the others are repelled. Thus a mole­
cule of water normally represented by HOH, 
when it is brought near a posith e charged ion 
will take the form ¥ 0 .... Pt~ + + +. This 

el
displacement! of the positive charges in the 
water molecule causes it to be strongly at­
tracted to charged ions, particularly those 
having large charges.

Because of this effect any highly charged 
ion, especially if of small volume, can attract 

molecules of such substances as H«0, NH3, 
etc. The number that can be held depends 
on geometrical considerations. In view of 
the more or less cubical form of most atoms 
and the symmetry with which six groups can 
place themselves it is not surprising that the 
co-ordination number of six should be so 
common.

By either of these theories we can account 
for the structure of practically all complex 
compounds having a co-ordination number 
six. The second of these theories explains 
also the few cases in which the co-ordination 
number has values other than four or six.

GENERAL CONCLUSIONS
The theory of atomic structure advanced 

in the present paper not only «plains in a 
satisfactory manner the general properties 
and relationships of all the elements, but also 
gives a theory’ of the formation and structure 
of compound's which agrees excellently with 
the facts. It leads directly to a valence 
theory for organic compounds which is the 
exact equivalent of the ordinary theory. 
When applied to the structure of complex 
inorganic compoun^Hit leads to a theory' 
practically identical with that of Werner. 
In cases like those of the oxides of nitrogen, 
etc., which have not previously been explained 
by any theory of valence the results are 
thoroughly satisfactory. The structure of 
the nitrogen, carbon monoxide, and hydro­
cyanic acid molecules are accounted for and 
new relationships are obtained.

Under these conditions the postulates 
underlying the theory- receive strong support. 
In fact, the results seem to establish the 
fundamental correctness of most of the 
postulates. The. recent advances in the 
physics of the electron have been largely- 
along the lines of Bohr’s theory. It is gen­
erally assumed that the electrons are revolving 
all in one plane, in orbits about the nucleus 
Such a view is wholly inconsistent with that, 
of the present paper. Bohr’s theory has had 
marked success in explaining and even in 
predicting new facts connected with the 
spectra of hydrogen, helium and lithium, and 
must therefore contain important elements 
of truth. .

It will probably be possible to reconcile 
the two theories. As has already been pointed 
out, Bohr’s stationary- states have a close 
resemblance to the cells postulated in the 
¡»resent theory. The series of numbers 1, 
'4, 1, 9, 1 25 occur in much the same way in 
both theories.
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The cellular structure postulated here 
also seems to be closely related to J. |. 
Thomson's*  theory of atomic structure in 
which he postulates tubes of force. Il 'cents 
as though each cell in the present theory is 
antilogous to the inner end of one of Thom­
son's cylindrical tubes of force. 'Phis view 
suggests that in tin atom the electrons tire 
acted on by a repulsive force inversely pro­
portional to the cube of the distance from the 
nucleus and an attractive force proportional 
to 1 r- where r is the index number of the 
shell in which the electron is located. 'Phus 
instead of the force varying continuously, as 
in Coulomb’s law. it varies discontinuously in 
proportion lo 1, Lj. 1,9. 125, etc., and only at 
large distances where r is very large does the 
force vary approximately continuously. In 
some such way we may hope to be led to a 
modification of Bohr's theory in which the 
electrons do not rotate about the nucleus.

SUMMARY
The theory presented in this paper is 

essentially an extension of Lewis’ theory of 
the “cubical atom.”! It may be most concisely 
staled in terms of the following postulates:

I. The electrons in atoms arc either station­
ary or rotate, revolve or oscillate about defi­
nite positions in the atom. In the most stable 
atoms, namely, thoseof theinert gases, the elec­
trons have positions symmetrical xvith respect 
to a plane, called the equatorial plane, passing 
through the nucleus at the center of the 
atom. No electrons lie in the equatorial 
plane. There is an axis of symmetry (polar 
axis) perpendicular to this plane through 
xvhich four secondary planes of symmetry 
pass forming angles of 45 deg. xvith each other. 
These atoms thus have the symmetry of a 
tetragonal crystal.

2. The electrons in any gix-en atom are 
distributed through a series of concentric 
(nearly) spherical shells, all of equal thick­
ness. Thus the mean radii of the shells form 
an arithmetric series 1. 2. 3, 4, and the effec­
tive areas are in the ratios 1 : 22: 32: 42.

3. Each shell is divided into cellular 
spaces or cells occupying equal areas in their 
respective shells ami distributed over the 
surface of the shells according to the sym­
metry required by Postulate 1. The first 
shell thus contains 2 cells, the second I. the 
third is and the fourth 32.

4. Each of the cells in the first shell can 
contain only one electron, but each other 

* Phil. Mag.. 26. 792. 1044 <1913 .
+ Jour. Arner. Chen-. Soc., J s’, 762 (1916)

uull ran (’ontain ciilur onr <»r tv.n Ai1 1 
inner -Ih-IN must ha\c their lull quota 
elect rolls I nfi ire the on t »ide hill < an < om; 11 ■ 
aux. No cell in the out ide la'.er < an <'■■ 
lain two electrons until all tin- oiler .<11 
in this layer contain al least one

5. Two electrons in the same < ell do not 
repel nor attract one another with irony 
forces. This probably means that there i 
a magnetic attraction (Parson's Magtnto 
Theory) which nearly counteract- the electro­
static repulsion.

ti. When the number of electron» in the 
outside laver is small, the arrangement of the 
electrons is determined by the tmagm-iic 
attraction of the underlying dcctroi Bn 
when the number of electrons incrca»<». 
especially xvhen the layer is nearly complete, 
the electrostatic repulsion of the underlying 
electrons and of those in the outside shell 
becomes predi iminant.

7. The properties of the atoms arc deter­
mined primarily by the number ami arrange­
ment of electrons in their outside shell and 
by the east' xvith xvhich the atom is able to 
revert to more stable forms by giving up or 
taking up electrons.

S. The stable and symmetrical arrange­
ments of electrons corresponding to the inert 
gases are characterized by strong internal and 
xveak external fields of force. Tin smaller 
the atomic number, the weaker the external 
field.

9. The most stable arrangement of elec­
trons is that of the pair in the helium atom. 
A stable pair may also be held by: 'a) a single 
hydrogen nucleus; (b) two hydrogen nuclei; 
(c) a hydrogen nucleus and the kernel of 
another atom; up txvo atomic kernels (very 
rare).

10. The next most stable arrangement 
of electrons is the octet, that is, a group of 
eight electrons like that in the second shell 
of the neon atom. Any atom xvith atomic 
number less than txventy, and xvhich has more 
than three electrons in its outside layer tends 
to take up enough electrons to complete its 
octet.

11. Two octets may hold one. txvo. । r 
sometimes three pairs of electrons in comr ■ -m 
One octet may share one. txvo, three or i ur 
pairs of its electrons xvith one, two. three or 
four other octets. One or more pairs of elec­
trons in an octet may be shared by the corre­
sponding number of hydrogen nuclei. N > elec­
tron can be shared by m >rc than two octets.

This theory explains the periodic properties 
of all the elements including those of the 
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eighth group and the rare earths. It meets 
with success in explaining the magnetic 
properties of the elements, and applies as 
well to the so-called physical properties, such 
as boiling points, freezing points, electric 
conductivity, etc., as it does to the “chemical 
properties.” It leads to a simple theory of 
chemical valence for both polar and non­
polar substances. In the case of organic 
compounds the results are identical with 
those of the ordinary valence theory, while 
with oxygen, nitrogen, chlorine, sulphur and 
phosphorus compounds, the new theory 
applies as well as to organic compounds, 
although the ordinary valence theory fails 
nearly completely.

This theory explains also the structure of 
compounds which, according to Werner’s 
theory, are second order compounds with a 
co-ordination number equal to four. Accord­
ing to the present theory, such compounds 
are to be regarded rather as typical primary 
valence compounds.

This valence theory is based on the follow­
ing simple equation:

¿’ = 8 n — 2 p

where c is the total number of available 
electrons in the shells of all the atoms in a 
molecule; n is the number of octets forming 

the outside shells, and p is the number of 
pairs of electrons held in common by the 
octets. This equation is a complete mathe­
matical statement of the primary valency 
requirements, not only in organic, but in 
inorganic chemistry.

The theory leads to very definite concep­
tions as to the positions of the electrons in 
the molecules or space lattices of compounds. 
The structures of molecules of AV CO, HCX, 
and XO prove to be exceptional in that the 
kernels of both atoms in the molecule are 
contained within a single octet. This ac­
counts for the practically identical “physical ” 
properties of nitrogen and carbon monoxide, 
and for the abnormal inertness of molecular 
nitrogen.

The results obtained by the use of the 
postulates are so striking that one may safely 
reason that the results establish the funda­
mental correctness of the postulates.

These conclusions, however, are not easily 
reconciled with Bohr’s theory of the atom. 
Bohr’s stationary states have a rather close 
resemblance to the cellular structure postu­
lated in the present theory. There are also 
striking points of similarity with J. J. Thom­
son’s theory of the structure of atoms, in 
which he assumes that the attractive forces 
are limited to certain tubes of force.
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Some of the formulas hereinafter given were 
taken from “Flow of Steam in Pipes.” bv 
F. N. Hatch, Electrical World. Vol. (is, No. 24. 
December'J, l‘Jl(i. Unfortunately, Mr. Hatch 
put his computed results in the iomi of a 
chart that is not easy to use and that is 
encumbered with a number of factors un­
necessary in ordinary work.

Like most of the data used in steam and 
mechanical engineering, the formulas tire 
approximate, so that refinement means waste 
of time and effort. What the engineer wants 
is a quick and ready means of ¡licking out a 
pipe size to transmit a given weight of steam 
a given distance in a given time at not too 
great a loss in pressure. He has pounds per 
minute, length in feet, and initial pressure 
given. What size of pipe shall he use'

Babcock’s formula for the flow of steam 
through pipes is

“Ib T+J...............

where
H' = weight of steam in lb. passed per min. 
p = pressure drop = (pi — p«) in lb. per sq. in. 
Z7 = mean density of steam in lb. per cu. it., 

that is, density at lb. pressure

per sq. in.
</ = inside dia. of pipe in inches.
L=equivalent length of straight pipe.
This formula. (I), is derived from Unwin's 

formula for pressure drop, viz.:

p=0..«w(l+“)^
Actually both if) and (?) are approxi­

mations from certain formulas for the flow of 
water through pipes. No one seems to know­
how nearly correct they are. Since both 
formulas contain the fifth power of d, a slight 
error in d may introduce a considerable error 
in the result.

It is obvious that II' can also be found from 
I), I', the velocity at. which steam travels in 
ft. per sec., and .4, the area of the pipe in 
sq. ft./asjollows:

11 -r.i> FID

>r

whence

which is merely another form of । ?i. and may 
be written

p=’WDL...............................
where k is a constanl for any value of 1. 

It follows from (5) that

where

1 _ G) ’ (1°'
Putting the value of U from '9 in \3 . the 

value of IU is

The value of ;» = (i0 Ac may be confuted 
once for all for each pipe size.

It is evident that, for any given length of 
any given size of pipe, 11' vanes as (pD)'-. 
Values of (pD)'- for various values of p and 
D ean be computed for various initial pres­
sures (Table IL so that the only computation 
not of plain first order multiplication neces­
sary in any application of (11) is finding the
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value of L'*. In computing L, the usual 
allowances must be made for fittingsl talves, 
openings, etc.

When 11', L, and p are known and the 
problem is to find the pip» size. solve (11) for 
m thus:

m=[V{pl^

Then look up the pipe size corresponding to 
in in the computed values of m in Table I. 
FoMlie convenient use of (12), values of

( ) are given in '['able III.
\ pl) /

To decide on initial pressure and pressure 
loss, one or both, necessary to deliver a given 
weight of steam through a given length of a 
given size of pipe- -that is where II', L, and 
m are given, put (//) in the form

= 1^...............
From the resulting value of (pD)'- a 

selection can be made usingthe computed 
values of (pD)^ in Table II.

For initial pressures other than those given 
in Tables II and III, the values of (pD)'- 
can be interpolated.

To find p when ll’, in, L, and 1) are given, 
put (11) in the form

or

The last form may be preferable as the value 
of IP? can be taken from Table II for p=l.

Values of in are given in Table I. For 
outside diameter pipe sizes above 12 inches, 
walls :ls inch thick have been assumed. Pipe 
sizes 12 inches and below arc of ordinary 
medium pressure weight.

Values of (pD)'2 are given in Table II lor 
initial pressures, p\, 30 lb. and above, and for 
pressure loss, p, from 1 to 10 lb. Above 30 lb. 
initial pressure, the value of I) (steam 
density) can be used at initial pressure 
without serious error. Below 30 lb. initial 
pressure, the value of D should be taken at the 
mean pressure in the pipe, and (pD)'2 
computed in each case.

TABLE II

VALUES OF ipD)'2. (D TAKEN FROM 
PEABODY’S TABLES)

50 75 100 125 150 200

P 
1

3 
4
5 
6

«
'J

10

0.272 0.345 
0.384 0.488 
0.471 0.598 
0.544 0.690 
0.608 0.772

I 0.666 0.845 
0.720 0.913 
0.769 0.976 
0.816 1.035 
0.860 1.091

0.417
0.539
0.722
0.834
0.933
1.022
1.103
1.1791 
1.251 
1.319

0.176
0.673
0.825
0.952
1.065 
1.166 
1.259 
1.346 
1.428 
1.505

0.530
0.755
0.917
1.060

1.299
1.402
1.499

0.576 
0.815 
1.998' 
1.152
1.289
1.413 
1.524
1.62S

1.590 1.728
1.676 1.821

0.663 
0.937
0.130 
1.326 
1.483 
1.624 
1.754 
1.875 
1.98.1
2.086

TABLE I

Pipe Size 
Inches »1

Pipi Size 1
Ou 44. I>1 

Inches
m

1 16 14 19300
IH 101 16 71420
1*2 159 18 98190

.125 20 130160
2 1 > 561 168200
3 ' I I I 24 211900
3 1 2 1 163
■1 2063
4'2 2680
5 3820
6 6260

9300
8 13060
9 17650

10 21450
11 32000
12 38110

■ —

TABLE III

VALUES OF

Pl 30 50 75 100 1 125 150 ' 200

p 
1 3.60 2.61 2.40 2.10 1.89 1.73 1.51

2.60 2.09 1.70 1.49 1.33 1.23 1.07
3 2.12 1.67 1.38 1.20 1.09 1.00 0.88
4 1.84 1.45 1.20 1.05 1 0.94 0.87 0.75
5 1.64 1.29 1.07 0.94 0.81 0.7S i 0.67
6 1.50 1.18 0.98 0.86 0.77 0.71 0.61

1.38 1.10 0.91 0.78 0.71 0.66 0.57
8 1.31 1.02 0.85 0.74 0.67 0.61 1 0.53
9 1.23 0.97 0.80 0.69 I 0.63 0.5S 0.50

10 1.16 0.92 0.75 0.66p 0.60 0.55 0.4S

Example 1
How much steam will a 2-in. pipe 100 ft. 

long transmit when the initial pressure is 
100 lb. and the pressure loss 5 lb. ?

The formula to be used is (//).
In Table I is found w = 325 for a 2-in. pipe.
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In Table II is found (/’/W I 005 when 
pi - 1(H) and p - 5

Since I. - IUD, ID 10.
Substituting these values in (//),

II' • • 325^ ' ~ 0 I 0 lb. per min.

Example 2
What size pipe is required t<> transmit 

1 fX)() lb. of steam per min. 2(10 ft. at 7 ll>. 
drop, the initial pressure being I2.5 lb. '

Use formula (ID.

Ri Icmiip to 'I aIAi II,
11 it i lb nut ial ] h < no a' ■ I I" ■ ■ I i
3 III pHsMirc bl . 1 In ; .q u '. i ’ ! ■
Alsu, if t i.e inn ial | >r< 111,11.1' । J*
the | tc- air, los w ill I h 1 ' 1

u---------- 756ft.-----------f----------650ft.----------- -)
A * ’ k

W=7f0 W-Ô50
Fig. 1

11'= 1000, 14.4, and since p- =125.
P=<- ,

From Table III is found (J/f) = 0.71 

then,
»1 = 1000X 14.4X0.71 = 10.224.

Referring to Table I, it is seen that an s-in. 
pipe for which m = 13,060 is the nearest larger 
size.

Example 3
A (i-in. steam main 150 ft. long is to have 

the initial pressure adjusted so that the line 
will transmit 500 lb. of steam per min. What 
must the initial pressure be it the pressure 
drop is not to exceed 5 lb.'

Use formula (13'.

lk = 500, m = 6260, 7?= = 12.25 
then,

Thcn. in formula ¡3 . ami labié III 
(to gel 1 ¡3 g use p= I m = 1500 27.5 • o 09 
= 29.600.

By Table I this value indicates an 1 1-in. 
pipe. Assume thaï a 10-in. pipe, for which 
;k = 24.45o. can be obtained. Thcn, by 
formula and Table III,

whence
p = I 1.09 । assume 11 o .

The pressure at B is thcref, tc .25 —11 = 111 
11).

Then for section BC we have p= 15— 1 1 = 
4.0. and pi=l!4. and. by formula It and 
Table 111. interpolating.

;h = s50 < 25.5 ' 0.97 = 21.024.
Bv Table I. this value indicates a lo-in. 

pipe which will give slightly more than 111-" 
pressure at

The pipe will therefore be 10-in through­
out.



SOS October, 1910 GENERAL ELECTRIC REVIEW Vol. XXII, No. 10

A Practical Brake Horse Power Formula for 
Internal Combustion Engines

By Hermann Lemp

Engineer Erie Works, General Electric Company

From the old familiar formula PLA N 4-33,0110 = indicated horse power, the author derives a remarkably 
simple and practical formula for the brake horse power of internal combustion engines. This formula is 
particularly convenient in that all its numerical coefficients have been combined into the single round 
number 1,000,000. An especially useful form of the formula is the one which shows to be constant the ratio 
of brake horse power to the product of the mean effective pressure and mechanical efficiency.—Editor.

Early in 190.5 the writer developed a simple 
formula specially suited for automobile motors 
or stationary electric lighting sets, of the 
multi-cylinder type, which during these many 
years has proven itself to be practical, as it 
affords a simple means for comparing the 
efficiency of motors of different build, whose 
piston diameter and stroke, speed and brake 
horse power are given.

This formula reads:
For a single-acting multi-cylinder engine of 

the four-stroke cycle type:
s^XnXNXMP m

1,000,000 ( '

For a single-acting multi-cylinder engine of 
the two-stroke cycle type:

sXP-XXXnXNXMP
‘ 1,000,000 ' ' '

in which x stands for stroke of piston in 
inches.

d stands for diameter of piston in 
inches.

H stands for number of revolu­
tions per minute.

V stands for number of pistons 
(not cylinders*).

MP stands for mean effective pres­
sure (MEP) in lb. per sq. in. 
of piston area multiplied by 
mechanical efficiency.

For a double-acting engine, formula (1) and 
(2) should be multiplied by 2.

The preponderant number of internal com­
bustion engines are single-acting, of multiple 
cylinder type, and work on tht four-stroke 
cycle. They are mostly used in automobiles, 
motor boats, airplanes and stationary lighting 
sets, and are usually of a speed so high that 
the taking of indicator diagrams is not practi­
cal, while on the other hand the brake horse 
power outputs are easily ascertained by a cra­
dle dynamometer, a Bronx brake, or a plain

* Number of pistons, and not number of cylinders, because 
with the opposed piston type of engines, two pistons may be 
traveling at the same time in the same cylinder. 

electric generator, whose efficiency curve is 
known. Furthermore, the stroke of such an 
engine is usually expressed in inches.

To suit these conditions the special formula 
described above has been derived from the 
well-known horse power formula:

P L a n rTTr. , . , • , ... ,= U1P, which gives the indicated 
ooUUl)

horse power of a single cylinder, 
double-acting engine.

in (which P stands for the mean effective 
pressure in lb. per sq. in. of 
piston area, usually termed 
MEP.

L stands for the length of piston 
stroke expressed in feet.

a stands for the area of piston ex­
pressed in square inches.

n stands for the number of strokes 
(2 X revolution) per minute.

33,000 stands for the ft-lb. per minute 
contained in one horse power.

To adapt this formula to the brake horse 
power of a multi-cylinder engine of the four- 
stroke cycle, single-acting type, the formula 
becomes:

P LanXXXM

whereM stands for mechanical efficiency.
A’ stands for number of pistons.

h stands for number of revolutions.
Since in a four-stroke cycle an active stroke 

occurs only every other revolution, the for­
mula was divided by 2, or further expanded 
becomes.

PX p,X72^ XnXXXM

The^prm^Hmay now simplified by 
writing all constant factors together, followed 
by variables, thus we have:
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'I'he first part <>1 the tornitila may now lie 

solved and replaced by 1();. or f-r all 

practical purposes ( ()()|)an<l we then haw

the Kal formula (I) shown at the head of 
this article.

sXJ’XhX.VX.UP .,..n

'I'he fact that the quotient of the constant 

re’,lacei1 b-v i.ooo.ooo 

produces an error of less than nine tenths of 
one per cent had been discovered accidentally 
by the writer at the time this formula was 
developed, and it is this feature which renders 
the formula particularly useful.

site which having, placed I mi mb 
will find opposite 22 9 on i al<- l> a: Ml’ 
i',.; i! < >n scale < . Sec Fig I

This .MP awiiratil’.' Gli i band ot s ■ 
MI-.P. with a mcchamcal elii< n n< . "! 1
per cent which with a com],re ion of no 1', 
is reasonable to <xp«<t in a normally m i/i ■ d 
engine.

With slide rule .wt a> abow. the re ],<■■ 'i • 
values of .MP and Bill' can be varied at w- 
since their relation remains constant.

The writer wishes to lay particular »• r, 
on the value of Ml' as a characteristic valm 
whereby to coin],are engine». W, find thi 
value in recent works timi technical paper 
expressed as mean eflixtke pre sure per I’.h.g. 
or brake »’.can effe tire presure.

I'he writer has already recommended that 
mean pressure or its symbol MP should be

Fig. 1. Illustrating the Application of the Formula to a Concrete Case by Use of the Slide Rule

We may now write the formula in the 
following form:

LXd-XnXN = BHP 
1,00(1,000 MP

showing that the relation betxveen BHP and 
MP remains fixed for any set of conditions.

The slide rule is extremely useful for solving 
for either BHP or MP, by multiplying sXd- 
XnXN and setting 1 on scale C over the 
product, xvhen by means of the rider either 
MP may be read off on scale C or BHP on 
scale D.

This is best illustrated by a concrete 
example:

A four-cylinder, four-stroke cycle engine of 
5-in. bore, (¡-in. stroke delivers at 600 r.p.m., 
22.9 b.h.p. What is its MP'

6X5X5®)0X4X .UP=22.9 BHP.

Multiplying 6X5X5X600X4 on the slide 
rule brings the rider to 3(i on scale P, oppo- 

adopted for this value and this figure is being 
used more frequently. A high MP is an in­
dication that both the indicated horse power 
for a given displacement is high and the in­
ternal friction is low. hence a large brake 
horse poxver is developed.

To illustrate:
Diesel engines have a very high invar 

effective pressure owing to a high thermal 
efficiency, but the mechanical efficiency is 
relatively loxv as compared xvith automobile 
engines of the constant volume type. For 
this reason the MP is only slightly larger 
than that of an engine of the constant volume 
type. An MP of from 7(1 to s4 is the average.

On the other hand, xve have quite a number 
of aviation engines of the constant volume 
type xvhich hax’e an MP as high as 100 and 
105. This is due to the high thermal effi­
ciency combined xvith a high mechanical 
efficiency.
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IN MEMORIAM
John Burnham Pm ear, for many years 

District Manager of the Cincinnati Office of 
the General Electric Company, after several 
months’ illness, died at Braintree, Mass., on

John B. Pevear

Monday, June 30, 1919. He was born on 
December 20, L8G7, at Lynn, Mass., where he 
received his early education. His first elec­
trical experience was gained in 1S90, when he 
entered the employ of the Thomson-Houston 
Electric Company as a member of their 
construction force in charge of the electrical 
equipment of the West End Railway Com­
pany, Boston, Mass. In 1.893 he was trans­
ferred to the Supply Department of the 
General Electric Company’s Cincinnati Office 
v. here he was advanced from time to time 
until on June 17, 1902, he became District 
Manager. He held this position until Feb­
ruary 2.8, 1915, when he retired from active 
business, making his home at Brookline, 
Mass., until about nine months previous to 
his death, when he purchased a country 
residence at Braintree, Mass.

Mr. Pevear was a son of the late Henry A. 
Pevear, a noted philanthropist, and the first 
president of the Thomson-Houston Electric 
Company after it was located in Lynn, Mass.

In 1893 Mr. Pevear was married to Miss 
Marie E. Walker, of Boston, by whom he is 
survived. There are no children, but two 
brothers also survive, Frederick and William 
Pevear, both of Lynn, Mass.

BOOK REVIEW
DYKE’S AUTOMOBILE ENCYCLOPEDIA 

TENTH EDITION
960 Pages, 6HxlO, 3360 Illustrations, $5.00 

Publisher, A. L. Dyke, St. Louis, Mo.
To any automobile owner who is in any way in­

terested in the con^Hction, operation, and care o.' 
his ear we recommend this book. It is better than a 
manufacturer’s instruction book, because it does not 
cover only a single make of car, but virtually all 
makes of ears. It is difficult to think of any feature 
or part of an automobile that is not fully described 
and illustrated in a manner that can be readily un­
derstood by the average car owner. As a single in- 
stanee, we have in mind the electrical equipment, 
including the ignition, lighting, and starting sys­
tems, which are the most difficult parts of the auto­
mobile for the layman to understand. Trouble here 
will more often “stump” the repair man than any 
other trouble to which the ordinary automobile is 
subject, yet a careful reading of the electrical section 
of Dike’s Encyclopedia should make it an easy 
matter for the garage man to diagnose and rented* 
the usual electrical troubles, and give the auto­

mobile owner a sufficient knowledge of the principles 
and construction of the electrical system to enable 
him to effect minor adjustments and repairs on the 
road. This section alone comprises 300 pages and 
more than 1000 illustrations. The illustrations are 
the outstanding feature of the book; they have been 
prepared with the greatest care, and all important 
parts are clearly labeled, with cross references be­
tween them and the text.

We are unable in the space available to give a list 
of the subjects which are described and illustrated 
in the minutest detail, but briefly the book is divided 
into t! e following sections:

Assembly of a car 
Engines 
Carburetion
Cooling and lubrication
Ignition—coil and bat­

tery
Ignition—magneto
Electric systems 
Storage batteries 
Operation, care, etc.

License, laws and sales­
manship

Tires
Troubles
Repairs and adjust­

ments
Trucks and tractors
Ford and Packard sup­

plements
Airplane supplement




