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INTRODUCTION.
Bv THOMAS M. COOLEY.

THE railroads of the United States, now aggregating a
hundred and fifty thousand miles and having several hun-
dred different managements, are frequently spoken of com-
prehensively as the railroad system of the country, as
though they constituted a unity in fact, and might be re-
garded and dealt with as an entirety, by their patrons and
by the public authorities, whenever the conveniences they
are expected to supply, or the conduct of managers and
agents, come in question. So far, however, is this from being
the case, that it would be impossible to name any other in-
dustrial interest where the diversities are so obvious and
the want of unity so conspicuous and so important. The di-
versities date from the very origin of the roads; they have
not come into existence under the same laws nor subject to
the same control. It was accepted as an undoubted truth in
constitutional law from the first that the authority for the
construction of railroads within a State must come from the
State itself, which alone could empower the promoters to
appropriate lands by adversary proceedings for the pur-
pose. The grant of corporate power must also come from
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or limit competition, so that, within a limited territory, some-
thing in the nature of a monopoly in transportation would
be created. The later grants give evidence of popular ap-
prehension of corporate abuses; the legislature reserves a
control over them, and the right to multiply railroads in-
definitely is made as free as possible, under the supposition
that in this multiplication is to be found the best protection
against any one of them abusing its powers. In very many
cases the motive to the building of a new road has been
antagonism to one already in existence, and municipalities
have voted subsidies to the one in the hope that, when con-
structed, it would draw business away from the other. The
anomaly has thus been witnessed of distrust of corporate
power being the motive for increasing it ; and the multiplica-
tion of roads has gone on, without any general supervision
or any previous determination by competent public author-
" ity that they were needed, until the increase has quite out-
run in some sections any proper demand for their facilities.

Roads thus brought into existence, without system and
under diverse managements, it was soon seen were capa-
ble of being so operated that the antagonism of managers,
instead of finding expression in legitimate competition,
would be given to the sort of strife that can only be prop-
erly characterized by calling it, as it commonly is called, a
war. From such a war the public inevitably suffé@s. The
best service upon the roads is only performed when they
are operated as if they constituted in fact parts of one har-
monious system ; the rates being made by agreement, and
traffic exchanged with as little disturbance as possible, and
without abrupt break at the terminals. But when every
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extra price for extra care or speed; and by arrangements
with sleeping-car companies for special accommodations in
luxurious cars to those desiring them. These collateral
arrangements, however, have not been wholly beneficial ;
and had all the roads been constructed as parts of onc sys-
tem and under one management, some of them would
neither have been necessary nor defensible. They cxist
now, however, with more or less reason for their exist-
ence ; and they tend to increase the diversities in railroad
work.

The want of unity which has been pointed out tended
to breed abuses specially injurious to the public, and gov-
ernmental regulation was entered upon for their correction.
Naturally the first attempts in this direction were made
by separate States, each undertaking to regulate for itself
the transportation within its own limits. Such regulation
would have been perfectly logical, and perhaps cffectual,
had the roads within each State formed a system by them-
selves ; but when State boundaries had very little impor-
tance, either to the roads themselves or to the traffic done
over them, unless made important by restrictive and ob-
structive legislation, the regulation by any Statec must nec-
essarily be fragmentary and imperfect, and diverse reg-
ulation in different States might be harmful rather than
beneficial. It must be said for State regulation that it has
in general been exercised in a prudent and conscrvative
way, but it is liable to be influenced by a sensitive and ex-
citable public opinion; and as nothing is more common
than to find gross abuses in the matter of railroad transpor-
tation selfishly defended in localities, and c¢ven in consid-
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No doubt the time will come when the railroads of the
country will constitute, as they do not now, a system.
Therc are those who think this may, sufficiently for prac-
tical purposes, be accomplished by the legalization of some
scheme of pooling ; but this is a crude device, against which
there is an existing prejudice not casily to be removed.
Others look for unity through gradual consolidations, the
tendency to which is manifest, or through somecthing in the
nature of a trust, or by means of more comprchensive and
stringent national control. Beyond all these is not infre-
quently suggested a Government ownership.

Of the theories that might be advanced in this direction,
or the arguments in their support, nothing further will be
said here; the immediate purpose being accomplished
when it is shown how misleading may be the term sysfem,
when applied to the railroads of the country as an aggre-
gate, as now owned, managed, and controlled.

Every man in the land is interested daily and con-
stantly in railroads and the transportation of persons and
property over them. The price of whatever he eats, or
wears, or uses, the cost and comfort of travel, the speed
and convenience with which he shall receive his mail and
the current intelligence of the day, and even the intimacy
and extent of his social relations, are all largely affected
thereby. The business employs great numbers of persons,
and the wages paid them affect largely the wages paid in
other lines of occupation. The management of the busi-
ness in some of its departments is attended by serious dan-
gers, and thousands annually lose their lives in the service.






THE BUILDING OF A RAILWAY.
By THOMAS CURTIS CLARKE.

Roman Tramways of Stone—First Use of Iron Rails—The Modern Railway created by
Stephenson’s ¢ Rocket ” in 1830—Early American Locomotives—Key to the Evolu-
tion of the American Railway—Invention of the Swivelling Truck, Equalizing
Beams, and the Switchback—Locating a Road—Work of the Surveying Party—
Making the Road-bed—How Tunnels are Avoided—More than Three Thousand
Bridges in the United States—Old Wooden Structures—The Howe Truss—The
Use of Iron—Viaducts of Steel—The American System of Laying Bridge Founda-
tions under Water—Origin of the Cantilever—Laying the Track—How it is Kept

in Repair—Premiums for Section Bosses—Number of Railway Em-
es in the United States—Rapid Railway Construction—Radical
ges which the Railway will Effect.

HE world of to-day differs from that of Napo-
leon Bonaparte more than his world differed
from that of Julius Casar; and this change has
chiefly been made by railways.

Railways have been known since the days
of the Romans. Their tracks were made of two
lines of cut stones. Iron rails took their place about one hundred
and fifty years ago, when the use of that metal became extended.
These roads were called tram-roads, and were used to carry coal
from the mines to the places of shipment. They were few in num-
ber and attracted little attention.

The modern railway was created by the Stephensons in 1830,
when they built the locomotive “ Rocket.” The development of
the railway since is due to the development of the locomotive.
Civil engineering has done much, but mechanical engineering has
done more.

The invention of the steam-engine by James Watt, in 1773,

attracted the attention of advanced thinkers to a possible steam
1

— -






































































































































































































































































































THE ENGINEER'S RESPONSIBILITIES. 99

ries, must be made. The adjustment of every part must be se-
cured with reference to its future duty. Strength and safety must
be assured and economy not forgotten. Every contingency must,
if possible, be anticipated, while the emergencies which arise dur-
ing every great construction demand constant watchfulness and
prompt and accurate decision.

The financial success of the largest enterprises rests upon such
practical application of theory and experience. Even more weighty
still is the fact that the safety of thousands of human lives depends
daily upon the permanency and stability of railway structures.
Such are some of the deep responsibilities which are involved in
the active work of the Civil Engineer.













































































































































146 AMERICAN LOCOMOTIVES AND CARS.

circular form. These machines are much used for * truing-up”
wheels which have been made flat by sliding, owing to the brakes
being set too hard. .

It would require a separate article to give even a brief descrip-
tion of the different kinds of cars which are now used. The follow-
ing list could be increased considerably if all the different varieties
were included.

Baggage-car, Drop-bottom car, Inspection-car, Postal-car,
Boarding-car, Dump-car, Lodging-car, Refrigerator-car,
Box-car, Express-car, Mail-car, Restaurant-car,
Buffet-car, Flat or platform car, Milk-car, Sleeping-car,
Caboose or conduc-  Gondola-car, Oil-car, Sweeping-car,

tor’s car, Hand-car, Ore-car, Tank-car,
Cattle- or stock-car, Hay-car, Palace-car, Tip-car,
Coal-car, Hopper-bottom car, Passenger-car, Tool or wrecking car,
Derrick-car, Horse-car, Post-office car, Three-wheeled hand-
Drawing-room car, Hotel-car, Push-car, car.

The following table gives the size, weight, and price of cars at
the present time. The length given is the length over the bodies
not including the platforms.

) i
. Length, feet. i Weight, Ibs. Price.
. - R B
Flat-car..........ccevvvennn.. 34 16,000 t0 19,000 | $38
]
Box-car...........oooivie L 34 " 22,000 to 27,000 $550
Refrigerator-car......... Ceeen 30t0 34 , 28.0001t0 34,000 1 $8ooto $1,100
- e . - _—
Passenger-car ................ 50 to 52 45.000 to 60,000 - $4,400 to $3,000
Drawing-roomear............ 50 tu 63 70,000 to $0,000 $10,000 to $20,000
Sleeping-car.....oovvienenn... soto 70 1 60,000 to 0,000 $12.000 to $20,000
3 L O o7 | 16 5,000 to 6,000 - ¥$800 to $1,200

Some years ago the master car-builders of the different rail-
roads experienced great difficulty in the transaction of their busi-
ness from the fact that there were no common names to designate
the parts of cars in diffcrent places in the country. What was
known by one name in Chicago had quite a different name in
Pittsburg or Boston. A committee was therefore appointed by
the Master Car-Builders’ Association to make a dictionary of terms










































st s 2 e AT T ST T T Ies-
o= rceecs = yem = sm =g 3T ome— = E TE —TIeTh
Lo s ATt e . TRz TV R DUR-TLs pTIoT e Tmas
e - ’ el oIl ot T ate-
At e - - L mIL LT TIe T IS

. nZ Nat 1243
atcaer et Sntosoee % Goral passenger train Ne. 4. which
s o e ran, g Fo by gl stops thers Lot 4.10, and
soinr caned Noo 3 on the return. as the

as
23, No 2 =zviono N

| L PR R P 7 .. H
1 t..
[ L TN U S PR T A}

y o dndicated by the train-number’s beins odd or
ewen Neog i aoway freight, leaving A at 12.05 and making long
“tope. at cach ctation. Noo 4 s an opposing train of the same
charactey,

T i digeram Shows at a glance how, when, and where all these

teai . meet aned pices each other, and where every train is at any











































































~—Auditor of Receipts

—Auditor of Disbursements
— Travelling Auditor
ler Local Treasurers
—Local Paymasters
—Clerk of Statistics
—Purchasing Agent —Local Storekeepers
—Reoceiving Clorks and Laborers
—Loading Clerks and Laborers
—Billing Clerks
—Discharging Clerks and Laborers
3 —Station Agents—— —
é —Delivery Clerks
Superintendent of =
_ _{ Tran tion _i —Collectors | Yard Engines
E —Yard Master———— '—B8witchmen
3 \ l—Brllwlmn
i
—Train Despatchers
—Operators
— —Train Master
—Conductors
—Division Buperintendents— —Trainmen .—FEngine Runners
g !—I-‘ln.vmen
Foreman Ma- |
E ) —{ chine Shop ’l—%—-}lontlm and Cleaners
g_ _g_ l—Mechnnics
g '—Laborers
Superintendent of | _|_ ]
é — Machinery } -Master Mechnnlo——; Inn
l_{me Car}___am
shop |—Mechtnieu
I—l’mboneu
— Bridge Foremen
_ { Su 4 of| —Watchmen
! Bridges f —Carpenter Gangs
' —Mason Gangs
-3 Superintendent of
S —{ ﬁ’z.ﬂd'.’ } —|—Road Muter———‘ —Section Foremen
—Gangs and Track Walkers
I—Snpcrvuon of Road—! —Wood and Water 'Tenders
—Floating Gangs
§ Loat Car
—Car Acoountant—————1{ “soants —Construction Trains
—Travelling Agents
General Passen-
_{ ger Agent }— —Local Agents
‘—Rate and Division Clerks
—Trafic Manager———— '—Claim Agent
' . I —Travelling Agents
General Freight _|_
—_ { ‘Agent | Local Agents

‘—Rate and Division Clerks
Disgram showing the Skeleton of a Railroad Organization, and Lines of Responsibility.
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problems of co-operation. As to the results, we can only say that,
as war is destructive, no state of warfare, even between capital and
labor, can be permanent. Peaceful solutions must prevail in the
end, and progress toward stability, peace, and prosperity in rail-
road operation and ownership will be progress toward the happy
solution of many vexed social questions.



SAFETY IN RAILROAD TRAVEL.
By H. G. PROUT.

The Possibilities of Destruction in the Great Speed of a Locomotive—The Energy of
Four Hundred Tons Moving at Seventy-five Miles an Hour—A Look ahead from a
Locomotive at Night—Passengers Killed and Injured in One Year—Good Disci-
pline the Great Source of Safety—The Part Played by Mechanical Appliances—
Hand-brakes on Old Cars—How the Air-brake Works—The Electric Brake—Im-
provements yet to be Made—Engine Driver Brakes—Two Classes of Signals : those
which Protect Points of Danger, and those which Keep an Interval between Trains
on the Same Track—The Semaphore—Interlocking Signals and Switches—Electric
Annunciators to Indicate the Movements—The Block Signal System—Protection for
Crossings—Gates and Gongs-—How Derailment is Guarded Against—Safety Bolts

—Automatic Couplers—The Vestibule as a Safety Appliance—Car Heating and
Lighting.

N 1829, when Ericsson’s little locomotive ‘“ Nov-
elty,” weighing two and a half tons, ran a short
distance at the rate of thirty miles an hour, a

M| writer of the time said that it was the most

wonderful exhibition of human daring and human

skill that the world had ever seen.” To-day
trains weighing four hundred tons thunder by at
seventy-five miles an hour, and we hardly note
their passage. We take their safety as a matter of course, and sel-
dom think of the tremendous possibilities of destruction stored up
in them. Butseventy-five miles an hour is one hundred and ten feet

a second, and the energy of four hundred tons moving at that rate

is nearly twice as great as that of a 2,000-pound shot fired from a

100ton Armstrong gun. This is the extreme of weight and speed

now reached in passenger service, and, indeed, is very rarely at-
tained, and then but for short distances; but sixty miles is a com-
mon speed, and a rate of forty or fifty miles is attained daily on





































JIMPROVEMENTS SUGGESTED. 199

braking effect is obtained when the pressure on the wheels is as
great as it can be without causing them to slide, and it may hap-
pen that a quicker stop can be made by putting the engincer's
valve to the service-stop position than by trving to make an
emergency-stop. The runner must. therefore, be familiar with the
special conditions of his brakes, and must have that kind of mind
which can be depended upon to work clearly and quickly in a
moment of tremendous responsibility. Fortunately, such minds
are not very rare. The world is full of heroes who want only
discipline, habit, and opportunity.

The pressure of air in the main reservoir and the train-pipe is
maintained by the air-pump on the locomotive, the speed of which
is automatically regulated by an ingenious governor. It is the
throbbing of this vigilant machine which one hears during short
stops at stations. The air-pressure has been reduced in applying
the brakes, and the governor has set the pump at work.

All of those parts of the air-brake apparatus which are shown
in the diagram (pp. 196-97) can be easily secn on a train stand-
ing at a station ; but the curious traveller must be careful not to
mistake the gas-tank carried under some cars for the car-reser-
voir. The gas-tank is about eight fcet long ; the car-reservoir is
about thirty-three inches.

Although the air-brake can almost talk, it is still not perfect.
There are several fortunes to be made yet in improving it.  FFor
instance, it is desirable, in descending long and steep grades, that
the brake-pressure should be just sufficient to control the speed of
the train, and should be steadily applied; otherwise the descent
will be by a succession of jerks which may become dangerous,
With the automatic the brakes must be occasionally released to re-
charge the reservoirs, or when the speed of the train is too much
reduced ; and it is difficult to keep a uniform speed.  So far, the
means devised to overcome this difficulty and keep a constant and
light pressure on the wheels have been thought too costly or com-
plicated for general use. With hand-brakes long trains are con-
trolled by the brakes of but a few of the cars in any one train. [t
follows that in the descent of grades the braked wheels must often
run for miles with the pressure as great as it can be without sliding
the wheels. The rim of the wheel is rapidly heated by the friction





















































































SCOPE OF THE SUBJECT. 227

space available to the two or three devices of greatest and most
useful application. There remain various others that are in daily
use, and that have important offices, which have not even been
mentioned. If the reader has gleaned from these very incomplete
notes some clearer notions than he had before of the means by
which the power of the locomotive is guided into safe and useful
paths, the writer’s object has been accomplished.












































































































STATISTICS OF ACCIDENTS. 263

Mulhall, in his *“ Dictionary of Statistics,” an English work, uses
substantially these same figures and makes the following compan-
son between European and American railways:

Accidents to Passengers, Employees, and Others.

Per million

Killed. Wounded. Total. passengers.
UnitedStates...............covvvnnnn.. 2,349 5,867 8,216 41.1
United Kingdom........................ 1,135 3,959 5,004 8.1
Europe...........00 cii i 3,213 10,859 14 o7~ 10.8

That the figures given above are much too high as regards the
United States, there can be no doubt. For the fiscal year 1880-81
the data compiled by the Railroad Commissioners of Massachusetts
and published in their reports give as the total number of persons
killed and injured in the United States 2,126, as against 8,216
upon which the comparisons in the above table are based. If we
substitute in this table the former number for the latter, it would
reduce the number of injured per million passengers in the
United States to 10.6, about the same as on the European rail-
ways.

Edward Bates Dorsey gives the following interesting table of
comparisons in his valuable work, ‘“ English and American Rail-
roads Compared:”

Passengers Killed and Injured from Causes beyond their own Control on all the Railroads
of the United Kingdom and those of the States of New York and Massachusetls in
1884.

Total mileage.
Total length . In-
of line Killed. |jured.
operated. | Train. Passengers.
United Kingdom.................... 18,864 | 272,803,220 | 6,042,659,990 31 | 864
NewVYork.....oovvviiiiinniiinnn. 7,298 | 85,918,677 ,729,65 3,620 10 | 124
Massachusetts........ ccoeeeeinnnen. 2,852 | 32,304,333 | 1,007,136,376 2| 42
In 1,000,000,000 { United Kingdom..|........[..cooovvaifoeeneaniit 5.15 | 143
passengers trans-q New York........loooioiiifoeeniniiiorenniiann . 5.78 | 70
ported 1 mile. Massachusetts ... |........ . cooiiiiiifieeiiian i 2.00 | 42
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third class constitutes the largest portion of the passenger busi-
ness, while in America almost the whole of the travel is first class,
as will be seen from the following table:

Percentage of passengers
carried.

First :Second [ Third
Class. | Class. ' Class.

United Kingdom. .. et e eeteaee e, 6 10 84

1 T 8 32 | 60

Germany.....oo ittt it e 1 13 , 86

United States. . .....ooiuiiiiiiii it e it i 99 .4of 1 l tof1
|

The third-class travel in this country is better known as immi-
grant travel. The percentages given in the above table for the
United States are based upon an average of the numbers of pas-
sengers of each class carried on the principal through lines. If
all the roads were included, the percentages of the second- and
third-class travel would be still less.

That which is of more material interest to passengers than any-
thing else is the rate of fare charged.

The following table gives an approximate comparison between
the rates per mile in the leading countries in the world :

[ First | Second | Third
Class. | Class. | Class.

United States............... e e eeees eteteeaeaesteta i aaaann

; Cents. | Cents. | Cents.
United Kingdom. ... .ooiiiiiiii ittt ciiienen, 4.42 | 3.20 | 1.94
France .....iiiueieiiiiiiiiit it it ittt | 3.86 | 2.88 | 2.08
GeTmMANY . ... ettt ittt ittt ittereeesnncanceansesnnas connonnn  3.10 23" || L.§ 4

The rates above given for the United Kingdom, France, and
Germany are the regular schedule-rates. An average of all the
fares received, including the reduced fares at excursion rates, would
make the figures somewhat less.

The rate named as the first-class fare for the railways in the
United States is, strictly speaking, the average earnings per pas-
senger per mile, and includes all classes; but as the first-class
passengers corstitute about ninety-nine per centum of the travel
the amount does not differ materially from the actual first-class fare.
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In the State of New York the first-class fare does not exceed two
cents, which is not much more than the third-class fare in some
countries of Europe, and heat, good ventilation, ice-water, toilet
arrangements, and free carriage of a liberal amount of baggage
are supplied, while in Europe few of these comforts are furnished.

On the elevated railroads of New York a passenger can ride
in a first-class car eleven miles for 5 cents, or about one-half cent a
mile, and on surface-roads the commutation rates given to sub-
urban passengers are in some cases still less.

The berth-fares in sleeping-cars in Europe largely exceed those
in America, as will be seen from the following comparisons, stated
in dollars :

Route. i D'gm:" o ! Rerth-fare.
l

Paris to Rome. ... ... oottt it iiiienee cenaennnn I 9ol ! $12.735
New York to Chicago......c.vieiiieiiiiriiiiiiienoneen.. 912 §.00
Paris to Marseilles............... .ot 536 11.00
New YorktoBuffalo.... . ......ccoiiiiiiiiiiiiiiiiaee veennnen 440 2.00
Calais to Brindisi.......cooviiiiiiiiiiniiiiiiiiiiiiieninae, 1,373 22.25
Boston to St. Louis. ... ...oviviiiiiiiiiiiiiiiaiiienens vaenn. 1,330 6.50

While it would seem that the luxuries of railway travel in Am-
erica have reached a maximum, and the charges a minimum, yet in
this progressive age it is very probable that in the not far dis-
tant future we shall witness improvements over the present
methods which will astonish us as much as the present methods
surprise us when we compare them with those of the past.
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was loaded down to Selma, Ala., on the Atlanta & West Point
Railroad. They returned it promptly to Atlanta, and so to the
Central Railroad of Georgia; and the car, after being used back-
ward and forward between Montgomery and Atlanta and Macon,
finally appeared at Augusta, Ga., where it stood on February 11,
1888. Here the car remained for some time, long enough for the
owners to get advices as to its whereabouts, and communicate with
the road on whose territory the car was, before it was again
moved. An urgent representation of the case having been laid
before the proper authorities, they agreed, if possible, to load it in
such a way that it should go back to Indianapolis. This could not
be done at once, however ; butabout the 12th of March the car was
sent to a near-by point in South Carolina loaded, and worked back
over the Georgia road and the Western Atlantic, delivered to the
Louisville & Nashville on April 3d, and finally, after its many and
long wanderings, was by that road delivered to the home road at
Cincinnati on the 17th of April; having been away from home
sixteen months and one day.

This is a case taken from actual records, and is one that could
be duplicated probably by any railroad in the country.

1L

THE CAR ACCOUNTANT'S OFFICE.

THE WINNIPEG & ATHABASKA LAKE RAiLwAy Co.,
General Superintendent's Office,
: WINNIPEG, December 31, 1888.
To JoHN SMITH, EsqQ.,
Supt. of Trans'n, L. & N. R. R. Co., Louisville, Ky.
SIR : Our records show forty-five of our box-cars on your line, some of which have
becn away from home over three weeks. I give below the numbers of those which have
been detained over thirty days, viz. :

Nos. 28342 34210 34762 29421 28437 29842
34628 34516 29781 28274 34333 28873

There is at this time a strong demand for cars for the movement of the wheat crop,
and I must beg that you will send home promptly all that you have on your line.
I remain,
Yours very truly,
THOMAS BROWN,
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GROWTH IN MILEAGE AND TRAFFIC 445

Railzray Baiidimz—The larger chart given on page 420,
gives the history of raiway bmiding from 1831 to 1888, The
lower chart of t2e two sivea together on page 444, repeats the
annual record from :$-4. for the purpose of studying the in-
fluence of prozis on the progress of building. The net carn-
ings per mile show a reduction in 1877, The following year
shows an increase of earnings. and the building responded some-
what feebly the same year. Thre next two years (1879 and 1880)
show great gains in net earnings, and the impetus given thereby
to building, carries its increase steadily forward even two years
beyond the turning-point of the earnings. The decline is then
mutual to 1885. In 1886 the advance in earnings was responded
to by such a remarkable increase in building that the stimulus
is to be sought for partly outside of the increase of earnings,
and is undoubtedly found in the desire to occupy the newly
opening fields of western settlement; for the records mark un-
paralleled activity among the great trunk lines of the West in
pushing their advances in Dakota, Kansas, Nebraska, and Col-
orado, in 1886 and 1887. This is graphically shown in the
map of 1889, when compared with that of 1880 (pages 432 and
433)

Ratios of Increase.—It is difficult to obtain a just impression of
values when expressed by figures alone. It is easy when these
values are expressed in lines or colors. The greater difficulties
come in the effort to compare values expressed in differing terms.
To read that the increase of population was 23,400,000 from
1870 to 1888; and that of railway milecage was 62,785 miles; and
that of freight traffic was nearly 30,000,000,000 tons, in the same
period, and then to attempt the comparison of increase without
further aid, is a hopeless task.

As a study of financial economy the comparison is worth mak-
ing, for evidence of the over-development of an industry or  finun.
cial interest, rightly considered, may prevent suicidal development,
The chart given on the next page makes the comparison easy,
The actual increase in cach instance is reduced to percentages, and
the several chart-lines mecasurc the progress,  The increase of
population is estimated on the basis of 62,000,000 persons in 1585,
(So far as the lesson conveyed by the chart is concerned, the esti-
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INDEX.

ACCIDENTS, chances of, 101
at crossings, 408
from coupling cars, 223, 392
investigation of, 399
to railway bridges, 26
South Norwalk, 221
statistics of, 260
to trainmen, 393
to trains, origin of, 167
Adams, Charles Francis, 104, 367
Air-brake, 193, 195
Allen, Horatio, 2, 4, 102

Arbitration between railways and their em-

ployees, 376, 381
Armstrong, Colonel G. G., 316
Atkinson, Edward, 43
Auditor’s duties, 180, 183

BAGGAGE-CHECK SYSTEM, 253
Baggage-master, work of, 416
Baggage service, abuses in, 179
Baggage transportation, 253
Baldwin Locomotive Works, 132
Ballast of*a railway, 37
Baltimore & Ohio, the, 103
cars, 139
early passenger-trains, 230
in 1830, 101
Bangs, George S., 317
Bell-cord train-signal, 237
Bessemer, Sir Henry, 37
Bessemer steel, invention of, 37
Blaine, James G., 323
Blair, Montgomery, 317
Block-signal, automatic, 2135
system, 168, 213
Boilers, construction of, 114
Bonds and stock, relative position of, 354

Brake, air-, 193, 195
advantages of air-, 387
improvements suggested to air-, 199
American, 202
and coupler, 237
Beals, 202
chain, 193
continuous, 195
early forms of, 192
electric, 194
hand, 193 ; perils of, 387 ; how to man-
age, 388
hydraulic, 193
steam driver-, 192
trials at Burlington, 200
vacuum, 193, 195
water, 202
Westinghouse air-, 193, 195
Brakemen, characteristics of, 384
duties of, 394
life, agreeable and disagreeable features
of, 386, 389
passenger-train, advantages of, 396
pleasures of, 394
wit of, the result of meditation, 385
Bridges, railway, accidents to, 26
American iron, 28
American, development of, 27; length
of, 24, 26
American wooden, 27
and culverts, how built, 22
Bismarck, 86
Britannia, 79
builders, 423
cantilever, 33, 88
connecting two tunnels, §3
connections, types of, 85
foundations by crib or open caisson, 75
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Bridges, foundations by pneumatic cais-
son, 69

foundations, how made, 32, 67

foundations under water, 67

gangs, work of, 155

great, over cafions and valleys, 55

guard-rails and frogs for, 221

Hawkesbury River, 32

Howe truss, 27

how to build safe, 31

Kentucky River, 34, 55, 88

Kinzua, 30

Lachine, 92

masonry arch, 76

Niagara cantilever, 34, 9o

Portage, 78

Poughkeepsie, 32, 34

steel truss, development of, 83

strength of, 29

St. Louis, 93

trusses, types of, 86

tubular, 8o

typical American truss, 86

Verrugas, 55

Victoria, 8o

Washington, over Harlem River, 77, 94

wooden, 78

wood, stone, and iron, 25, 26
Bridgers, R. R., 340
Bridgewater, Duke of, 345
Broken trains, dangers of, 388
Burr & Wernwag, 27

CAISSONS FOR BRIDGE FOUNDATIONS, how
made, 32, 69
open, 75
pneumatic, 69
Camden & Amboy locomotives, 106
Cameron, Simon, prediction of, 232
Campbell, Henry R., 109
Cantilever bridges, 33, 88
Capital invested in railways, 344, 448
Car-accountant, and the transportation de-
partment, 275
office of, 271
Car-accounting, benefits of a good system,
280
Car-builders’ dictionary, 147
Car-couplers, imperfections of, 140
need of uniformity in, 141

INDEX.

Car-coupling, accidents from, 223, 392
Cars, American and English, 7
American, evolution of, 139
Baltimore & Ohio freight-, 139
different kinds of, 146
old, discomforts of, 234
distribution of, 171, 279
empty, distribution of, 279
first American passenger-, 139
first sleeping-, 140
for special uses, 289
freight-, wanderings of a, 267
heating by gas, 226
heating by steam, 226
heating, methods of, 245
lighting safely, 226
mileage and records, 158
mileage charges, 273
Mohawk & Hudson passenger-, 139
number of, in the United States, 148
records of movement, 171
service charges, per-diem plan, 29
service of, payment for, 293
service records and reports, 276
tracers for, 279
trucks, 7 ; invention of, 108
use and abuse of, 281
Car-wheels, European, 144
how made, 142
paper, 145
Cassatt, A. J., 340
Check system for baggage, 253
Chief engineer, duties of, 154 .
Chimbote Railway in the Andes, 50, 53
Civil service reform in the mail service, 340
Classifications of freight, 176
Clerks, railway, 422
Coffer-dam foundations for bridges, 67
Commissions to passenger agents, 179
Competing points and pools, 364
Concentration of power, 351
Conducting transportation, 159
Conductors, freight, trials of, 398
heroism of, 411
passenger, 408
Consolidation, effects of, 351
tendency to, 346
Construction companies, 35§
Contractors, railway, work of, 21
Conveniences at stations, 259
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Cooley, Judge Thomas M., 368
Cooper, Peter, 104, 231
Council, proposed railway, 380
Couplers and brakes, 237
imperfections of, 140
uniform automatic, 22
Coupling cars, accidents from, 223, 392
Coupon tickets. 254
misunderstood, =3
Cox, S. S, 323
Cranes, large travelling, in locomotive
shops, 132
Crib foundations for bridge piers, 75
Crises of 1873 and 1883, effects of, 356
Crossings, accidents at, 408
protection for, 216
Cullom, Senator S. M., 368
Culverts, building of, 22
log, 25
masonry, 76
on American railways, 24, 26
Curves, American and European railway, 8
least, 8
Cutting, largest ever made, 56
Cylinders, locomotive, construction of, 117

DARWIN, ERASMUS, 2

Davis & Gartner, 106

Davis, Phineas, 106

Davis, W. A,, 317

Death and accident provisions for postal
clerks, 343

Delays in a long journey, 267

Delaware & Hudson Canal Company, 101

Demurrage charges, 296

Derailing switches, use of, 207

Derailments of trains, causes of, 218

Destructive force of a locomotive at high
speed, 187 .

Detector-bar for switches, 205

Differentials, 175

Dining-cars, introduction of, 243

Discipline necessary on a railway, 377

Distribution of cars, 171, 279

Dividends, average, on railway stock, 443

Drawbridge accidents, 221

Driving-wheels, large and small, 128

EADps, CAPTAIN JaMES B., 64, 93
Eames vacuum brake, 195

43t

" Eccentric, operation of, tt$

Educational institutions for railway cms
plovees 379

_ Electric annunciator tor sigoals, 209

Electric lights for cars, 220
Electricity appliad o drakes. tog
Elevated Railroad, New York. 97
Employees, railway, benetit tunds, 308
permanent and temporary, 3°3
promation of, 3To
number of, in the Unitad States, 43, 30
permanency of service during good be-
havior, 3To
relations of, to the railway, 337
representative system tor, 380
rights and privileges of permanent, 376
to have a voice in management, 30
wages of, 448
Engineer, the, as a public benefactor, 46
civil, qualifications of, 13
responsibilitics and duties of, o8
Engincering, good, true test of, 6o
Ericsson, John, 2

FACING AND TRAILING POINT SWIVCHES,
219
Facing-point locks, 20§
Fast freight lines, 287
Fast mail service, appropriations for, 337
Fast mail train, trip with, 323
Fast runs, remarkable instances, oy
Fast time on railways, conditions of, 138
Field & Hayes, 34
Fink, Albert, 365
Fisk, James, Jr., 353
Flagging trains, 390
Foot-guard for froygs, 222
Forcign cars, theory and practice in their
use, 279
Foster, Rastrick & Company, 102
Free-pass system, 3062
Freight-car wanderings, 267
classifications and rates, 176
conductor and his trials, 398
department, organization of, 282
engines, saving fuel on, Jo2
empty trains of, 439
handlers at stations, 423
movement, accidents in, 293; cost of
dclays in, 293
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Freight profits, 440
rates, reduction of, 358; 438
traffic, 437 ; how handled, 180
Freight trains, air-brakes for, 200
transportation, needs of the service, 297
Fuel, saving, on freight-engines, 402

GARRETT, JOHN W, 351

Gate-tenders on the railway, 423

General Freight Agent, 172

General Manager, duties of,, 154

General Passenger Agent, 172

Geographical location of railways in the
United States, 427

Goold, James, 139

Grades, limit of, 8

Grand Central Station interlocking signals,
208

Grand River cafion, 54

Granger movement, 363

Guard-rails and frogs for bridges, 221

HAMLIN, HANNIBAL, 323

Hampson, John, 231

Harrison, Joseph, Jr., 4

Hawkesbury River bridge, 32

Heater-cars, Eastman, 289

Heating cars, 245

Highway crossing accidents, 216
crossing gates, 217

Holley, Alexander L., 37

Hoosac Tunnel, 63

Hospital funds for railway employees, 378

Hotel-cars, 244

Howe-truss bridges, 27

IMMIGRANT SLEEPING-CARS, 251
Inclined planes for overcoming elevations,
58

Injectors, principle of, 116

Insurance funds for railway employees, 378

Interchange of cars, methods of, 272

Interlocking bolts, uses of, 221
signals and switches, 204

Interstate commerce law, 173, 368
Commerce Commission and its work, 368

Investigation of accidents, 399

Investors and managers, relations of, 357
difficult position of, 354

Irregular hours of work, 399
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JAMESON, JOHN, 317, 323, 342

Janney car-coupler, 237

Jervis, John B., 4, 107

Johnson, R. P., 339

Judgment, value of, in a locomotive runner,
407

Junction-cards and car-reports, 278

KENTUCKY RIVER CANTILEVER BRIDGE,
34, 55, 88

King, Porter, 408

Kinzua Bridge, 30

LACHINE BRIDGE, 92
Latimer, Charles, 221
Latrobe, Benjamin H., 8
Layng, J. D., 319
Legal department of a railway, dutics of,
152
Lighting cars, safe methods, 226
Lincoln, Abraham, in the first sleeping-
car, 240
Link motion for locomotive valves, 119
Location, approximate, 1§
final, 18
how governed, 16
in old and new countries, 17
importance of, 15
Locomotives, ability to climb grades, 8
American type, origin of, 109
Baltimore & Ohio ‘‘grasshopper,” 106
boiler coastruction, 115§
cab, what is in it, 131
capacity to draw loads, 120
consolidation, 122
cost of running, 307
cylinders, how supplied with steam, 117
decapod, 122
destructive force of|, at high speed, 187
‘“ DeWitt Clinton,” 10§
driving-wheels, how made, 142
earliest American, 2
early eight-wheeled, 105
engineer, the duties and qualifications of,
137 ; peculiarities of, 134 ; duties and
dangers of, 400 ; spirit of fraternity of,
408
English type of, 3
equalizing levers, 4
fireman, 422
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Locomotives, first trial of, in America, 103
fuel, 303 ; consumption, 135
hostler, 422
how to start and stop, 120
¢ John Bull,” 106
Mogul, 122
number of, in the United States, 148
Peter Cooper’s, 104
prize offered for, by the Baltimore &
Ohio, 103
pumps and injectors, 116
‘“ Rocket,” 1
running, systems of, 134 ; cost of, 158,
159
running gear, adjustment of, 114; flex-
ible, 113
shops, 132
size, weight, and price, 126
speed, law of, 127
suburban traffic, 124
ten-wheeled, 122
trials, Liverpool & Manchester Railway,
2,3
truck, invention of, 4, 107
types of, 109
valve motion, 118
London Underground Railway, 97
‘¢ Long and short haul,” 173

MAIL SERVICE, railway, civil service re-
form in, 340

Mail train, fast, 317

Managers and investors, relations of, 357

Masonry arch bridges, 76

Massachusetts Railroad Commission and
traffic questions, 367

Master Car Builders’ Association brake-
trials, 200

type of car-coupler, 223

‘Master car-builder’s duties, 158

Master mechanic’s work, 157

Master of transportation, duties of, 159,
171

Mexican Central Railway, 56

Mileage balances, reduction of, 273

Miller coupler and buffer, 237

Miller, Ezra, 237

Milling in transit, 175

Model railway service, 375

Mohawk & Hudson passenger-cars, 139
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Mont Cenis Tunnel, 63
Moral standard on the railway, improve-
ment in, 384
Mount Washington Railway, 58
Mountain climbing by rack railways, 58
railways, 49

NATIONAL REGULATION of railways, 367

Newell, John, 340

New York Elevated Railways, 97

Niagara cantilever bridge, 34, 90
suspension bridge, 81

Nochistongo cut, 56

OPERATING DEPARTMENT OF A RAILWAY,
importance of, 373

Oroya Railway in the Andes, 50, 53

Outram, Benjamin, 345

PAPER CAR-WHEELS, 14§
Passenger advertisement, first, 229
brakeman, 396
burned in wrecks, 2235
cars, early, 231 ; English and American,
232; first American, 139 ; manufact-
ure of, 252 ; Mohawk & Hudson, 139
conductor, 408
fares, comparative rates, 265
profits, 442
rates and commissions, 17
tickets, old, 236
traffic, 442
trains, first, 228; carly American, 230;
making time on, 403 :
travel, 362 ; amount of, 264 ; safety of,
in England and America, 260 ; speed
of, 249
Pay-car, trip of the, 309
Pay, increase of, for faithful service, 378
Paymaster’s work, 308
Parallel roads, 356
Pensions for railway employees, 378
Pennsylvania Railroad shops at Altoona,
132
maintenance of track, 41
system, 371
Permanent service of a railway, 375
Pile-driver, work of a, 22
Pile foundations for bridges, 68
Plant, H. B., 340
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Pneumatic caissons for bridge foundations,
69
interlocking apparatus, 210
Peetsch method of building foundations for
bridge piers, 32
Pooling rates, 184
Pools and competing points, 364
railway, origin and nature of, 364
Pope, Thomas, 33
Portage Bridge, 78
Postal cars, 325
first used, 316
provision against accident in, 338
Postal clerks, accidents to, 338
Postal progress, object lesson in, 312
Postal service, early history, 313
Potter, Thomas J., 412
Poughkeepsie cantilever bridge, 32, 34
Predecessors of the railway, 101
Premiums to section-men, 41
Promotion of employees, 376
Pullman, George M., 239
Palace Car Company, 242
sleeper, first, 241
Purchasing agent’s varied duties and ex-
perience, 300

RAILS, development of, 47
increased weight of, 122
iron, first used, 1, 37
joints for, 37
steel, first introduction, 37
supply and renewal of, 306
weight which they will carry, 121
Railroading fifty years ago, 100
Railways, American, key to the develop-
ment of, 3; rolling stock of, 148 ; and
English, essential differences, 10
amount of capital invested in, 344
and their employees, nature of relations,
374
and democracy, 45
and their customers, 358
beginning of, 345
building, cost of, 43; example of rapid,
44 ; history of, 445
competition of, 174 ; with canals, 347
consolidation, 174, 346
council, proposed, 380
division of expenses on, 359

INDEX.

Railways, earnings, average net, per mile,
444
earliest, 1; in America, 103
early systems of management, 346
economic view of, 45
educational institutions, 379
employees, permanent and temporary,
375; general characteristics of, 423 ;
moral welfare of, 423 ; a typical, 383;
wages of, 448
growth of, 346
income, sources of, 180
influence on the world, 149
mail first carried on, 314
mail service, growth of, 314 ; importance
of, 323; needs of, 341 ; organization
of, 323 ; party injury to, 341
management, development of, 150; in
Europe, 184 ; organization and divi-
sion of authority, 151 ; results expected
from, 184; special departments of,
372 ; stability of, 184 ; subdivisions of,
372
men's building in New York, 424
mileage, comparative, of the principal
countries, 425 ; of the United States, "
426
national idea developed by, 348
national regulation, 367
officers’ duties and responsibilities, 151
organization analyzed, 185; complex,
183 ; growth of, 371
personnel, importance of, 424
place in the modern industrial system,
34
postal clerks’ dangers, 337 ; just claims,
343 ; need of provision against disa-
bility, 339 ; work, 334
relations of, to their employees, 357
shop-men, 423
State ownership of, 362
statistics of, 423
systems, 428
the largest single industrial interest, 370
United States, extent of, 43
‘“ wars " between, 361
Randall, Samuel J., 323
Rates and rebates, 173
causes of reduction, 358
combinations and adjustments, 176
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how made and regulated, 176 State ownership of railways, 36'3 e VI, e, 2%,
inequalities of, 359 State regulation of railways, 362, 363, v, o oo 0 o
passenger, and commissions, 178 Station agent’s duties, 411 3 3 sec 3e7 o, 20 o

plans for regulating, 362

special, wars over, 177

without a natural standard, 360
Reagan, John H., 368
Reconnoissance, 13
Refrigerator cars, 289
Representation for railway employees, 380
Restriction of railways, tendency to, 369
Ride on a locomotive at night, 188
Righi Railway, 59
Road-bed of a railway, how made, 21
Roadway department of a railway, 154
Roberts, George B., 340
Roebling, John A., 82
Rolling stock, growth of, 448
Routine of the railway mail service, 325
Rutter, J. H., 340

SAFETY APPLIANCES, railway, 191
devices needed, 423

St. Gothard Tunnel and spirals, 63

St. Louis Bridge, 64, 93

Schneider, C. C., 34

Scott, Thomas Alexander, 319, 349

Scrap-heap, value of, 302

Section-master’s duties, 421

Section-men’s work, 156

Semaphore signals, 203

Shepard, General D. C., 44

_ Signals and switches, interlocking, 168, 204

automatic block, 215
block system, 168, 213
semaphore, 203
torpedo, 213
Sleeping-car rates, comparative, 266
Sleeping-cars, first experiments, 239
immigrant, 251
Pullman, 239, 242
Smith, Coloncl C. Shaler, 34, 88
Snow-sheds and fences, 18
South American mountain-railways, 50
South Carolina Railway, 104
early passenger trains, 231
Special rates, 177, 361
Spoils system, how it works in the railway
mail service, 342

Station indicators, 259
Station, large, work at, 415
small, work at, 411
Stationery and blanks, quantity used on a
railway, 304
Statistics, railway, 425
Steam driver-brake, 192
how distributed to the cylinders, 117
shovel, work of, 21
supply and speed, relations of, 129
Steel bridges, 29
Steel rails, first introduction, 37
Steel truss-bridges, development of, 85
Stephenson, George, 1, 2, 3, 228, 346
Robert, 1, 2, 3, 79, 192
Stock and bonds, relative position, 354
Storekeeper’s duties on a railway, 307
Stockton & Darlington passenger train, 228
‘¢ Stourbridge Lion,” 102
Strikes, evils of, 374
Superintendent, duties of, 274
of machinery, powers and duties, 157
Supply department, 298
importance of, 311
Supplies, aggregate of, on a railway, 299
variety required for a railway, 3or
Surveying party, life of, 13
from a rope-ladder, 50
Surveys, preliminary, 13
Suspension bridges, 81
Switchbacks and loops, 8 ; types of, g, 10
Switches, interlocking, 420
stub, accidents caused by, 218
Switch-tender’s work, 420

TELEGRAPH IN RAILROADING, 238
Thompson, William B., 317, 322, 342
Thomson, Frank, 43, 340
Thomson, J. Edgar, 349
Through and local freight, 288
Through lines, growth of, 348
Tickets, cost of, on a railway, 303
coupon, 254
old, 236
sales and reports, 182
Ties and timber supplies, 306
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