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The Problellls of Electrification 
The Struggle Toward a Standard, and What Is Likely to Come of It 

By Robert G. Skerrett 

ACCORDING to the latest 
rt official figures, we have 
upon our 230,000 miles of 
steam,lines a matter of sub­
stantially 2,500,000 freight 
cars and quite 30,000 freight 
locomotives, not to mention 
15,000 engines at terminals 
for switching service. Off­
hand, this array of rolling 
stock might seem ample for 
our needs, but an analysis of 
what it has been doing re­
cently will make it dear 
that there is something rad­
ically faulty in performance, 
especially in view of the 
many million tons of goods 
of all sorts that are clutter­
ing stations and warehouses 
aw.aiting much-delayed dis­
tribution. To be specific: 
the final report of the United 
States Railroad Adminis- The electric locomotive demonstrating its greater economy and efficiency in terminal yards 

Anyone with a moderate 
knowledge of the physical 
geography of the United 
States must be alive to the 
fact that the mountainous 
nature of many sections in­
terferes greatly with rapid 
movement on the part of 
both passenger and freight 
service, but much more so 
in the case of freight trains. 
Because of numerous heavy 
gradients, engineering diffi­
culties, and the expense en­
tailed, the mountain routes 
are frequently single-track 
lines and seldom more than 
double track. Thus, the 
tide of traffic is slowed down 
and passed through con­
stricted channels. This 
would not be so bad if the 
steam engine could main­
tain a higher speed when 
climbing and descending tration reveals that the av-

erage miles per freight car per day were a;bont 22; 
that each loaded car carried asa rule something less 
than 30 tons; and that fully one-third of the car miles 
was run without lading. Finally, we find that each 
freight engine made an average of approximately but 
60 miles every twenty-four hours. 

One does not have to be versed in 'higher mathemat­
ics to realize that there is a tremendous lack of service 
or wastage under existing conditions. Why is this the 
case? What is the logical 
relief? It is not necessary 
to reiterate in detail the mul-

to the colliery. It is authoritatively declared that the 
tenders of our steam locomotives of all kinds add about 
11 per cent to the ton mileage of our roads without 
bringing in a return. 

Plainly, to just the extent in which we may find a 
way to reduce the ton mileage of railway coal or oil 
we shall be able to utilize the cars so freed for the 
carriage of other essential freight. In 1918, our steam 
lines burned 163,000,000 tons of coal and 45,700,000 bar-

these slopes, but unfortunately the steam locomotive 
cannot do this. It must materially reduce its load 
when going up hill in order to pull the train along and, 
because of its deficient grip upon the rails it often 
cannot hold safely back the same number of laden 
cars when sweeping down the opposite incline. 

Therefore, we have a reversal of the very action 
upon which we normally count when we seek to shift 
from one reservoir to another a given fluid volume 

by means of a relatively 
sman connecting conduit. 
That is to say, just where 

tiple operative shortcomings 
of the steam locomotive, but 
let us sum up a few of 
them. I t seems that one­
quarter of the coal mined an­
nually in this country and 
six per cent of our fuel oil 
is consumed by the steam 
engines of our railways, and 
a good third of those com­
bustibles is sacrificed in 

T
o tell the average American that We have outgrown steam traction, will probabl)) shock him 
as he casuall)) judges the apparent efficienc)) of the speeding express, or comes upon an 
occasional freight train in the course of his dail)) habit of life. Yet the fact remains that such 

increased velocity is essen­
tial on our railways we can­
not have it. Every now and 
then some of our steam 
roads-and these frequently 
among our most important 
trunk lines-have to contend 
with this bottle-necking, and 
it is at these points or along 

is the status of our land transportation s))stem when the aggregate movement of cars and tonnage is 
considered. Our national well�being is contingent upon an improvement in this matter; and it 
appears that improvement is possible onl)) through the substitution of electricit)) for steam as a 
motive power. Mr. Skerrett tells us in this article something of the manner in which this sub .. 
stitution must be effected.-THE EDITOR. these sections that the 

freight movement is throt­
tled. what are termed "stand-by 

losses." Aside from that, 
the fuel is inefficiently utilized when the locomotives 
are actually doing work. Further, the distribution of 
coal for our trunk lines requires a tonnage movement 
amounting to approximately 20 per cent of the total 
freight-ton miles that should yield revenue. This is 
not hard to understand if we recall the fact that there 
is first the transportation of the fuel from the mine to 
the coaling station, then its wanderings on the engine 
tender, and next the. trip of the empty coal ear back 

• 

rels of oil. According to Government data, counting an 
average load of 30 tons, 5,677,000 car trips were needed 
to deliver the fuel during that year. This arraignment 
of the steam locomotive would be incomplete if we 
failed to take into account the handicaps imposed by 
seasonal and atmospheric conditions as well as the 
steam tractor's inadequacy when it comes both to 
mounting and to descending steep grades with hea�y 
trailing loads. 

The apparent solution of 
the problem, which is becoming more and more acute 
from year to year, is the substitution of electric trac­
tion. Out west one transcontinental road is pulling 
trains of 4,000 tons up and down steep mountain slopes 
and exercising perfect <:ontrol the while. It is doing 
this at speeds hitherto una ttained under like circum­
stances, and the schedule is being maintained with 
remarkable regularity. Not only that, but the oper-

(Contin1ted on page 457) 

Left: A powerful electric locomotive of special design that has saved the day in speeding up freight traffic on one trunk line. Right: In the foreground a big dynamo driven by reciprocating engine. 

in the middle distance a steam tur�generator set of like power, much higher efficiency, and far less bulk. Where fuel must be employed for the generation of current, it is units of the latter type 

that will be relied on in large railroad central stations 

Typical units that are making electrification of our railroads a success 

© 1920 SCIENTIFIC AMERICAN, INC. 



October 30, 1920 SCIENTIFIC AMERICAN 457 

! 

LEGAL NOTICES 

PATENTS 
IF YOU HAVE AN INVENTION 

which you wish to patent you can 
write fully and freely to Munn & 
Co. for advice in regard to the best 
way of;)btaining protection. Please 
send sltetches or a model of your in­
vention and a description of the 
device, explaining its operation. 
All communications are strictly con­
fidential. Our vast practice, extend­
ing over a period of seventy years, 
enables us III many cases to advise' 
in regard to patentability without 
any expense to the client. Our Hand­
Book on Patents is sent free on re­
quest. This explains our methods, 
terms, etc., in regard to Patents, 
Trade Marks, Foreign Patents, etc. 

SCIENTIFIC AMERICAN 
coa.aiDl Pateat OfficI Note.. Deci.ioDI 01 
mt ..... t to iD'f.aton-aad partiea)an of re­
c •• tI, pateDted iD't'eDtioal. 

l!§ 
E MUNN & CO., �;I�l'����: 
� Woolworth B..iwm.. NEW YORK 

Tow.r Baildi... CHICAGO. ILL. 
Sci •• tilie A...-i_ BmJdiq. WASHINGTON. D. C. 
H*rt .�diq. SAN FRANCISCO. CAL. 

Annual Subscription Rates 
Scientific American Publications 

Selen title American (established 1845) one 
year ............................ $6.00 

Scientific American Monthly (established 
1876) one year .................. $,7.00 

P�tage prepaid in United States and posses· 
alons. Mexico, Cuba and Panama. 

Foreitrn Postage 

8c1entlfic American $1.50 per year additional. 
Scientific American Monthly 72c per year ad· 

dltional. 
Canadian Po.tave 

Scientific American 75c per year additional. 
Scientific American ?J.on,thly 36c per year addl· 

tlonal. 
The combined subscription rates and rates to 

foreign countries, Including Canada. wlll be 
furn�shea upon application. 

Remit by postal or express money order, bank 
draft or check. 

Classified Advertisements 
Advertising In this column Is $1.00 a line. 

No less than four nor more than 12 lines 
accepted. Count seven, words to the line. All 
orders must be accompanied by a remittance. 

AGENTS WANTED 
AGENTS-t40'$lOO weeki v; free ,am pies. gold shm 

letters; anyone can put on store windows; liberal ofter 
to general ag�nts. Melalllc Letter Co .. 431X N. Clark 
Street. Chicago. 

ALUMINUM SOLDER 
TRY P1erman's "Selftluxlng" Aluminum SoJdAr, 

guaranteed practical. II per bar. by mail. Send cash or 
express order. Address A. N. Pierman, 1138 Broad St., 
Newark. N. J. 

BUSINESS OPPORTUNITY 
SUBSTANTIAL manufacturing corporation wanta 

capable men to t:stabl1sh branch and manage salesmen. 
noo to S2000 necessary. Will allow expenses to Balti· 
more as explained. Address, Mr. Clemmer, 603 N. 
17.utaw St .. Baltimore. Md. 

The Problems of Electrification 
(Continued tram page 444) 

ative costs show great economies. Another 
electrified western line is handling trains 
of 4,600 tons at a speed 20 per cent higher 
than was possible with steam traction and 
a limiting load of 3,500 tons. 

Here. in the East, down in a mountain­
ous part of ',vest Virginia where there 
IS an extensive movement of coal from 
local mines, a railway formerly operated 
entirely by steam, now handles double the 
capaCity on a certain section with 12 
electric locomotives where it used to em­
ploy 33 grea t Mallet engines. The grades 
are extremely heavy, and yet, on the 
stiffest of these, trains of 3,500 tons are 
dealt with without trouble, and are moved 
about 100 per cent faster than when steam 
locomotives did the work. In fact, in 
numerous instances throughout the coun­
try, it is no uncommon thing to maintain 
electrified freight speeds of 15 miles or 
more an hour where formerly steam t rac­
tion was limited to 6 and 8 miles. Thus 
we see how entirely feasible it is not 
only to reduce the bottle-necking condition 
but, at the same time to increase the loads 
which can be hauled by a single engine. 

As is pretty generally known, several 
different systems of railroad electrification 
have been developed, each with its own 
particular claims to consideration. For 
the most part the lines so operated are not 
interrelated, and each typifies a more or 
less distinct step forward in the art; and 
as may 'be imagined each has its advo­
cates. At present three lines focus­
ing in the City of New York are using di­
rect current of 600 volts, distributed by 
third rail. In effect this is an expansion 
of trolley practice to the main-line field­
the third rail providing a conductor of suf­
ficient volume to handle the heavy low­
voltage current. Aside from complicating 
yard lay-outs and inviting numerous trou­
bles, this arrangement is not suitable for 
long distances. 

For trunk-line work, where the runs are 
of considerable length, we have naturally 
had recourse to trolley wires and high­
voltage current in the distributive sys­
tems, and we have resorted to 'both di­
rect current as well as single-phase al­
ternating current on the roads concerned. 
The direct-current service has successive­
ly jumped from 1,500 volts to 2,400 volts, 
and then to 3,000 volts on the greatest 
electrified stretch in the country. But in 
order to obtain efficient primary distribu­
tion of energy from the power stations, 
alternating current of 100,000 volts is de­
pended upon. This feeds to seven or 
more sub-stations along the route, where 
the alternating current is transformed to 
direct 'current of 3,000 volts by means of 
motor-generator sets installed at these 
points. As may he imagined, these sub-
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a number of important roads in the East, 
where they are handling the varying de­
mands of express and local passenger 
traffic and dealing efficiently with fast and 
slow freight on both fairly level and 
mountainous runs. Instead of motor-gen­
erator sets, as in the case of direct-current 
sub-stations, the transforming work is 
done by static transformers with no 
moving parts. 

Similarly, where the overhead wires 
carry a much higher voltage than is 
needed for the operative motors of the 
electric locomotive or the multiple-unit 
train, small static transformers on either 
the lo(:omotive or the cars meet every 
requirement. Structurally, they are of 
extreme simplicity, and besides are auto­
matic in their functioning. High·voltage 
alternating current can be distributed 
farther, more efficiently, and by smaller 
conductors than is practicable in the case 
of direct current. 

For multiple-unit operation, which must 
inevitably be counted upon to handle local 
passenger traffic in and out of populous 
centers, alternating current is preeminent· 

Oenilite Soft Water utilI 
lower lJoar Operating Costs 

IF HARD water is going into the boilers of your 
power plant, into the dyehouse of your textile 

mill, into the washroom of your laundry or the 
laundry department of your hotel, hospital or 
other similar institution, you are carrying an un­
necessary and easily avoidable operating expense. 

Refinite Water Softeners have proven this fact for 
users in all parts of the country. 

By their saving in fuel, in supplies, in equipment 
renewal, in time and in labor they have quickly 
written their costs from the books-and then kept 
right on adding to the profits. 

Nature's Water Softener 
CopJt1Ib, 1t»-1'be ...... eo.� 
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No obligation. Addre$$ our neare$t office. 
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Why Your Car Has A Breather Tube 

Keep 
UPkeep 
Down 

Every automobile manufacturer admIts 
that pressure gets by the best fitting com­
mon piston rings. 
He puts one or more breather tubes on 
the crank case to let the pressure out. 
10 '�:.�, of the compression of a new engine 
will �et by the ordinary piston ring. 
DoubleSeal Piston Rings will save you this 
10 (,:� in gasoline because they absolutely 
stop this leak. They keep upkeep down. 

DOUBLE SEAL RING CO. 
General Sales Office. 2335 Michigan Avenue, CHICAGO 

If your jobber, dealer or garage does not carry Double Seal 
Rings, address our near,",st sales branch. Each branch carries 
in stock all sizes of rings. 

Sale3 Branche$ 0/ the Double Seal Ring Company: 
Atlanta, Ga ..... 66% N. Forsyth St. 
Baltimore, Md . . •  1710 N. Charles St. 
Boston, Mass .. 107 Massachusetts Ave. 
Buffalo, N. Y ......... 1377 Main St. 
Chicago, IlL . . . •  2335 Michigan Ave. 
Cleveland. Ohio • • . •  1841 Euclid Ave. 
Dallas, Tex . . . . • • . . .  208 Browder 8t. 
Denver, Colo • • • • .  430 Eighteenth St. 
Detroit, Mich • • . •  924 Grand River 

Avenue, W. 
EI Paso, Tex . . • • • . •  412 Myrtle Ave. 
Fresno, Cal. . . • . •  1922 Tuolumne St. 
Ft. Worth, Tex .... 316·328 Lake St. 
Houston, Tex . • • . • . • • •  1212 Main St. 
Kansas City, Mo .... 214 E. 17th St. 
Little Rock, Ark • • . •  414 Louisiana St. 
Los Angeles, CaL ... 603 W. Pico St. 
Memphis, Tenn . • . .  128 Monroe Ave. 
Milwaukee, Wis ....... 160 Mason St. 
Minneapolis,Minn •• 825 Hennepin Ave. 

New Orleans, La .. 808 St. Charles St. 
New York, N. Y • . • . •  1834 Broadway 
Oklahoma City, Okla ..... 416 N. 

Robinson St. 
Omaha, Nebr ........ 415 S. 24th St. 
Philadelphia, Pa • •  1327 N. Broad St. 
Pittsburgh, Pa ....... 206 Werner 

Bldg., Hiland & Baum Sts. 
Portland, Ore . . . • • • . .  90 N. Broadway 
Sacramento, Cat • • • . • • . • .  1008 J St. 
San Antonio, Tex ...... 314 Kamp-

mann Bldg. 
San Francisco, Cal. .... 1124 Polk St. 
Seattle, Wash ......... 1213 Pine St. 
Stockton, Cal. . •  106 N. California St. 
Tacoma, Wash ........... 1210 A St. 
Tulsa, Okla .......... 208 E. 2nd St. 
Waco, Tex • • . . • • .  1QO Provident Bldg. 

Windsor,Ont.,Can .. 19 E. Sandwich St. 

DOUBLE SEAL 
PISTON RINGS 

Williallls' Superior 
Drop-Forged Wrenches 

Wherever wrenches are used, 
J. H. Williams & Co. :ue 
known as "The Wrench Peo­

I " p e. And w e  like that title 
-it has such a plain, strong, 
forceful American twist. So 
have the wrenches. They 
are as good as the best grade 
of material and skilled work­
manship, backed by nearly 
half a century's expenence, 
can make them. 

We've a Wrench for every 
purpose and carry in stock 
40 standard patterns in 1000 
sizes, with openings from -h 
to 7% inches. 

Write for Wrench Booklet 

J. H. WILLIAMS en CO. 

BR.OOKLYN 
"T h. Wrench People" 

BUFFALO CHICAGO 

ly suited; for it makes it feasible to equip 
every car with its own drive. The multi­
ple·unit train, where every car or every 
other car is self-impelled, exerts a much 
augmented tractive effort, so that it can 
reach full speed in a brief while after a 
stop. 'Vhere high-voltage, direct current 
is used, on the other hand, the locomotive 
is relied upon generally to do flll of the 
pulling, and only its driving wheels are 
tractors. Accordingly, it takes longer to 
acquire or to resume maximum headway, 
and the condition of the tracks may inter­
fere with this to such an extent as to im­
pose the hauling of fewer cars. 

On mountain sections, where high-volt­
age alternating-current distribution is 
provided, and the locomotives are driven 
by induction motors, the problem of han­
dling heavy freight trains is radically 
modified for the better because of the uni­
form pace and good speed whioh these 
tractors can maintain both up and down 
grade. Further, this type of tractor 
places a minimum burden on the brake 
installation. 

In densely settled areas, railway elec­
trification has occasioned two reflex vex­
ations. Alternating-current systems give 
rise to a phenomenon known as inductive 
interference, which is apt to upset the 
operation of nearby telegraph and tele­
phone lines. This annoyance has been 
pretty effectually reduced by the proper 
bonding of the rails so that the return 
circuit is taken care of in a way to obviate 
the disturbance of neighboring systems 
of communication. Inductive interference, 
like a mischievous boy, promptly betrays 
its activities in an audible manner. Di­
rect current, however, promotes the elec­
trolysis of underground conduits, etc.; 
and the extent of its silent, insidious and 
destructive work is very frequently not 
detectable until collapse of the pipes, 
structure, etc., takes place. 'Dhen the dam­
age may be of a very costly nature. 

It is probable that no one system will 
be accepted to the exclusion of all others, 
but when a system is selected for a given 
railroad the decision should be made only 
after careful consideration not alone of 
the problems of that particular line but 
also of those of its neighbor&-in this 
way achieving as complete a measure of 
unification as is economically possible. 

California's Sea weed Industry 
(Continued from page 445) 

The process of man ufacture is ingenious 
and interesting in view of the fact that 
they designed all the machinery and equip­
ment for a purpose �ntirely new. The 
whole takes seventy-two llours but oper­
a·tion necessarily is continuous. The 
leaves and stems of the algre are used. 
One of the most clever conceptions in the 
factory is a battery of four "mortars" or 
howls twenty-two inches in diameter and 
fourteen deep in a solid block of concrete, 
with corresponding quadruple wooden 
"pestles"-an adaptation on a modern me­
chanical scale of the primitive method 
of grinding. Into these mortars the raw 
material or dry weed is first placed 
and in a few minutes it is stamped into 
a fine mass. The object is to free it of 
the millions of tiny shells, bits of sand, 
alkaline deposits and other foreign mat­
ter. Then it goes through various tanks 
and vats, one containing a secret solution 
for bleaching and the others plain water 
for washing, after which it is run through 
a wringer and spread on racks to dry in 
the California sun. It looks like white 
moss. 

Next it is boiled three to four hours, 
filtered, distributed in galvanized iron 
trays four feet long, two wide and three 
inches deep, and five hours later it comes 
out jelled, like a large sheet of ru.bber. 
In this form it comes to the sharp knives 
of another wonderful machine, which 
cuts it into pieces a foot long and two 
inches square, each intact but sliced 
lengthwise as are noodles. Having now 
undergone extreme heat a Siege of the 
opposite character is provided, for it is 

© 1920 SCIENTIFIC AMERICAN, INC. 

October 30, 1920 

placed on wooden trays and carried into 
a great refrigerating room and for ten 
hours kept at ten degrees below zero. 
The sticks come out solid ice. They are 
slowly melted, the water drained off, then 
put through a forCing machine which flat­
tens each "noodle" into a thin, transpar­
ent sheet. Again the California sun is 
invoked to dry them. Finally they are 
tied in three-pound sheaves of silvery 
sheen, and thus they first go into the 
market. 

The factory is also making a superior 
vegetable isinglass as an experiment and 
the owner believes he can approach in 
quality, at low cost, the Russian mineral 
isinglass now selling for $11.50 a pound. 
An adhesive plaster, photographi·c films 
and other products are included in his 
plans, which thus far have in nowise been 
disappointing. Potash, iodine and other 
by-products of the algre will be conserved, 
appliances for that purpose being in 
course of installation. 

Edison's Views on Life and Death 
(Continued from page 446) 

lions upon millions of entities, and that 
our body and our mind represent the 
vote or the voice, whichever you wish to 
call it, of our entities. 

"Now let's see why we must be com­
posed of life entities .. Supposing you take 
a finger print of your thumb, in the con­
ventional manner of the police records. 
Then burn your thumb sufficiently to de­
stroy the skin. Do you know that after 
the new skin has formed the finger print 
of your recovered thumb will be precisely 
the same as the first one? Yes, absolutely 
the same, even down to the last line and 
irregularity. I tried it to make sure. 
Here is a mystery which has remained un­
answered until now. 

"Of course, you say it is nature. But 
what is nature? That seems to me to be 
such an evasive reply. It means nothing. 
It is just a subterfuge-a convenient way 
of shutting off further questioning by 
merely giving an empty word for an an­
swer. I have never been satisfied with 
that word 'nature.' Now my answer is 
that the skin didn't happen to grow that 
way again by accident. Someone had to 
plan the new growth and to supervise it 
to make certain that it would conform in 
every way with the old skin. You do not 
know just what that patt.:!rn is, and so 
your brain plays no P:ll't in the operation. 

"Here is where our life entities come 
into action. I firmly believe that the life 
entities rebuild that thumb with consum­
mate care, drawing upon their remarka­
ble memory for all the details. 

"Let us consider an analogy, for the 
sake of making my point more clear to 
you. Supposing that a man from Mars 
came to this earth, and his eyes were so 
much coarser than ours that the small­
'!st thing he could see was the Brooklyn 
Bridge. He could not see us. Naturally, 
he might take Brooklyn Bridge for some 
natural growth, just as we consider grass, 
sand, minerals and other things as mat­
ters of natural development. Supposing 
that same man from :1\1ars were to destroy 
the Brooklyn Bridge, and several years 
later he happened to find a new bridge 
in precisely the same place and of pre­
cisely the same design. \Vould it seem 
logical for that man to assume that the 
bridge simply grew again in the same 
manner and in the same place? Don't 
you suppose that the Martian would be 
compelled to assume that some intelli­
gence and guided effort were behind the 
rebuilding of the structure he had de· 
stroyed? 

"That is precisely the stand we should 
take regarding the life entities. Obvious­
ly, the entire matter ;s one of conjecture. 
Perhaps the entities in our bodies are 
ninety-five per cent workers and five per 
cent directors. At any rate, it is the en­
semble of all these entities which gives us 
our physical form, mental properties, per­
sonality, and so on. 

"The entities are life, I again repeat. 


