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RESUME OF THE WORK, AND DEDICATION.

With this volume I bring my account of rail-
roads to a close. The subject is a great one and
covers, incidentally, the science of political econ-
omy, the ethics of business and the methods, hab-
its and morals of men. Economie questions that
enter into the calculations of traders, merchants
and manufacturers, and the principles that gov-
ern those who employ and manage men, form a
most important part of it.

Naturally, in my books, practical questions that
concern the operations of railroads take prece-
dence of all others.

But those who would comprehend the subject
in its entirety must understand the principles of
political economy that permeate it throughout
as well as more practical details. For this reason
I have given the former such space as I have
been able.

Railroads are affected in their operations by
natural laws—physical, moral and intellectual.
Each is a potent factor. In their solution those
who own railroads, those who manage them,
those who work for them and those who patron-

ize them are concerned.
(i)



iv SCIENCE OF RAILWAYS.

Each day it becomes more and more apparent,
that the greater the wisdom exercised in govern-
ing railroads, the greater success they achieve;
the less friction there is between owners, em-
ployes and patrons; the more profitable railway
property is; the more contented and happy em-
ployes are; the better the public is served, the
more friendly it is. Everything that contributes
to this end serves a good purpose. Books are
as valuable here as in the practice of medicine,
law, government, the art of war, or other sub-
jects that are too great to be comprehended by
one man.

If in my writings I express anywhere opinions
unfavorable to existing methods it is not neces-
sarily because I believe them te be wrong in
practice. Managers of railroads are the creatures
of circumstances. Railway corporations, like gov-
ernments, are compelled to accept for the moment
situations as they find them and adapt themselves
thereto with the best grace possible. However
high their aim, present methods must conform
to what is practicable. With greater knowledge
and better resources the high purposes of to-
day that are merely speculative may become
realities.

Many portions of my books are devoted to spe-
cific details; to recounting particular methods of
administration. In being minute I have erred, if
I have erred at all, on the safe side, for while the
views of particular men may not be accepted
unqualifiedly by others, they are none the less

CONCLUSION. v

valuable. In this as in other things, what we
read is, as I have before had occasion to remark,
very often more valuable for the ideas it suggests
than the thoughts directly conveyed. Where so
many things have to be considered, as in rail-
roads, before it is safe to act, the more extended
our horizon, the greater our knowledge, the safer
guides we make. Hence the value of experience,
observation, treatises, deseriptive books, ete.

In regard to the foregoing eleven volumes,
other men, I must believe, have, each in his
particular place, given many of the subjects dis-
cussed more attention than 1.  Of their methods,
so far as I have been able to gather them, I have
been an attentive student all my life. From
them I have sought to learn. I have nothing to
say, it is probable, in regard to their several lines
of thought, that will greatly interest them. On
other subjects I hope it may be different. Those
I write for, however, are that great class, growing
greater each day, whose knowledge of railway
operations is necessarily circumscribed and whose
opportunities for learning are limited. To these
I hope my books will be something more than an
exposition of well known facts or possible event-
ualities. They will open up to them many com-
plex and interesting questions that enter into the
origin, working and destiny of railroads, which
would otherwise forever remain a sealed book,
and without a knowledge of which their pros-
pects in life would be much restricted and their
usefulness greatly lessened.
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No business interest is so divergent as that of
a railway. The corporation itself is perpetual.
It is the creature of circumstances. It serves
all alike. It is a repository of great and varied
trusts. It is at once a manufacturer and trader.
It employs myriads of men. Its duties are com-
plex, its responsibilities manifold. In its propri-
etorship it possesses the conservatism and high
constructive qualities necessary to the accumu-
lation and retention of property. Herein it is
fortunate, for men of this class are the natural
rulers of the world and the highest and best
friends of those who do not possess their peculiar
attributes. It was through their combinations
that men first achieved freedom and the com-
forts of life. These highly desirable acquisitions
cannot be preserved without their assistance and
guidance.

In considering the affairs of railways, every
interest must be remembered, that of owner,
patron, officer and employe. All their rights,
ambitions, projects, prejudices, habits, weak-
nesses and ignorances must be severally weighed
and considered. Not to do so would be to jeop-
ardize, certainly to weaken, the whole structure.
For these reasons the philosophy of the subject,
quite as much as its practical details, finds a
place in the accompanying volumes. The theme
is the most important of our day, and may truly
be called Scientific. 1 regret my inability to do
it greater justice.

DEDICATION. vil

I have had many new and original cuts pre-
pared for this edition of the Manual to show
not only the details of parts or their working
which-are not generally well understood, but espe-
cially to show the proper method of procedure in
case of many accidents. It is a well known fact
that no words of explanation, however complete
and explicit they may be, can convey the informa-
tion that a picture instantly affords.

In concluding these volumes, upon which I
have been engaged so long, l\vlsh to dedicate
them, however unworthy, to the officers and em-
ployes of the railroad corporation with which I
have been connected during the whole of my
business life, now over forty years. This asso-
ciation has bred in me far deeper sympathies
than those of a business character merely; in the
long years that have passed officers and em-
ployes have become brothers, and the property
itself has become imbued with life.

MarsaALL M. KirRKMAN,

Chicago, January, 1900.
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ENGINEERS” AND FIREMEN’S MANUAL,

OR

COURSE OF STUDY FOR THOSE WHO SEEK TO
BECOME ENGINEERS,

THE LOCOMOTIVE ENGINE THE KEY TO THE RAILWAY
WORLD: QUESTIONS REGARDING SELECTION, TRIAL
AND WORK OF THOSE IN CHARGE. THE VALUE OF
SYSTEMATIC STUDY AND CAREFUL EXAMINATIONS
TO THOSE WHO WOULD BECOME EFFICIENT ENGI-
NEERS.

The books that make up the “Sciexce or Rarr-
wAys,” of which this is a part, have much to
say, directly and indirectly, about the Equip-
ment and Train Service of railways. Both these
subjects bear directly on the duties and respon-
sibilities of engineers and firemen. It is as im-
possible to afford a separate and connected
account of such duties as it is to afford such an
account of the duties of superintendents or
comptrollers. Railway service laps and inter-
laps in every direction, and the engineer and fire-
man to fully understand their duties must also
understand the things that are germane thereto.
This requires that they should study railroading
not piecemeal, but-as a whole.

It was the impossibility of separating the
duties of particular departments of the service
and describing them apart that first constrained

me to take up the subject as a whole. I started
(5)
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out to deseribe particular branches of the ser-
vice, but quickly found that their connection
with the others was so close as to render a de-
seription of the whole necessary. Thus I was
led reluctantly and contrary to my original in-
tention to take up the subject in its entirety.
What I have been compelled to do, others, who
seek to fully inform themselves in regard to par-
ticular branches of the service, will also be com-
pelled to do.

While there are many engineers and firemen
who take this comprehensive view of the sub-
ject, others believe their field lies more apart
and that, therefore, it is susceptible of separate
delineation and study. There is much interest-
ing and valuable literature extant on the subject
of the duties of engineers and firemen, but for
the reason stated, it only partially explains their
offices. This does not, however, lessen its value,
so far as it goes. It is simply incomplete.

Knowledge of the locomotive and how it is
operated is only one of many things engineers
and firemen must know. They must also be
familiar with train regulations, signals, methods
of dispatching trains and kindred knowledge.
Such things are fundamental. Moreover, as
their duties bring them in daily contact with
the equipment, they must know something of
its construction, care and maintenance. The
wider their knowledge, the greater the prob-
ability that they may some day become depart-
ment directors instead of operatives merely.

OF THE LOCOMOTIVIE ENGINEER. 7

Nor need their ambition be thus restricted.
The nature of their duties affords an admirable
opportunity for acquiring the knowledge re-
quired by superintendents and managers of
railroads. All that is needed is that he who sets
out to familiarize himself with the locomotive
shall keep on until he becomes acquainted with
the needs of other branches of the service. The
task is difficult, but not insurmountable. The
knowledge may be acquired by experience,
study, observation, inquiry and the thousand
and one devices ambitious men adopt to further
their ends.

A man who seeks merely to be a fireman, and
then an engineer, and afterward, perhaps, a fore-
man, may bhe satisfied with a mechanical or per-
functory knowledge of the railway world, but
such knowledge is not sufficient even for this
limited field. However, he can possibly get on
thus without scandalizing the service, or seri-
ously jeopardizing the interest of his employer,
but if he expects to occupy a position of greater
power and influence, he must study railroading
as a whole. Only thus can he comprehend the
spirit and practices that animate the service, or
cope with the many men of talent who fill its
offices.

To be an officer of a railroad, or to fill a posi-
tion of responsibility in connection therewith,
requires that the incumbent shall understand the
science of government. This science is in essen-
tial things alike as regards public and private
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corporations. To know how to govern a country
or city well, is to know how to govern a great
railroad well with its vast army of employes and
widely extended and complicated interests. The
mat. who seeks preferment in either must under-
stand how governments are formed and how best
carried on for the common good. He must know
much about the checks and safeguards that expe-
rience proves to be needed in order to secure a
strong and pure government. Such knowledge,
as [ have said, constitutes a part of the science of
railroads, and no man is fully capable of being
an officer of a railroad or of holding a position
where he must come in contact with the publie,
without possessing it. This feature of the situ-
ation 1 have sought to explain in my books as
conscientiously as I have the basis of rates, safe
conduct of traffie, or the faithful handling of a
company’s money, but the information is not to be
found in any particular chapter or book. It per-
meates every part of the service and it is impos-
sible to discuss any question without more or less
reference to it. It is this fact which makes men
familiar with the magnitude and homogeneous-
ness of the subject, so impatient of those who
think that there are departments and branches
of the service that may be considered apart from
the rest.

Those who work for railroads, no matter where,
are interested in acquiring knowledge of every
department of the service, and this not perfunec-
torily, but systematically. Their personal inter-
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ests not only require that they should possess this
knowledge, but the interests of their employer
as well. The more the subject is studied, the
more this truth will be apparent. I am not so
presumptuous as to believe I have exhausted the
science of railways in my books. If a book could
be made exhaustive, there would never be but
one written. The greatest value that any book
possesses is the suggestions it affords the person
who reads it. He may find many things upon
perusing it, that he did not know before, or only
surmised; others again that he had overlooked.
He will be refreshed as by a bath, even though
he has only acquired a morsel of original infor-
mation from what he has read, for the reason
that his knowledge will have been expanded by
the thoughts to which his reading has given rise.
Let railway men keep this in mind in reading
books on railway and other subjects.

I have sought to treat my theme as fully as
circumstances permitted. Where I do not wholly
enlighten, I may be pardoned for believing that I
have at least pointed the way.

There are few of the books that make up the
“Science of Railways” that do not contain mat-
ter of more or less general interest and value to
those who seek to be firemen and afterward engi-
neers. However, if the latter position is the
height of their ambition, then some of the books
will not possess as much value as they would
under other circumstances, but in every book
may be found some account of the practices and

2 vol 12
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philosophy of railroading with which it is desir-
able every one should be familiar.

Much of the information that books on the
general subject of railroads contain is not neces-
sary to a fireman to enable him to creep up to
the place of engineer, any more than salt is
absolutely necessary to a potato; but he like
every railway man, if lacking in the niceties of
his profession (that only general knowledge can
supply), will lack flavor and will seek in vain to
reach the highest positions in the service.

From the foregoing it will be seen that a
consecutive and separate account of the duties
of engineers and firemen is impossible. How-
ever, there are particular duties imposed upon
them that may be described apart. These I shall
embody here. While incomplete, the matter is
not the less valuable on that account, as it is re-
plete with suggestions. This I may say with thc
greater freedom, as I am the editor, rather thax
the anthor. What I shall have to say is probably
known to accomplished railroad engineers, but it
is not known to those less favored, and yet they
should be familiar with it, in m'der to be able to
look forward with confidence to preferment in
their calling. Furthermore, if instead of treating
what I have to say as final, the student in search of
knowledge will look upon it as rudimentary only
and supplement it with acquisitions of his own,
he will not only add greatly to his prospects as a
railway man (by adding glcdtly to his value to
his employer), but he will increase immeasurably
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his ability to secure a position, if through any
untoward circumstances, he finds himself with-
out employment.

As the engine is the key of the railway world,
so those who operate it share in its supreme im-
portance. While admirable in outline and use-
fulness, it is after all only an aggregation of
metal fashioned into many curious forms, but
dead and incomplete without the guidance of the
engineer and fireman. Like the world in the
beginning when clothed in stillness and death,
awaiting the light of day, so the locomotive
stands apart, cold and dead, but under the in-
spiring influence of the Englneer and Fireman
pulsates with life, forming not only a magnifi-
cent picture in 1tbelf, but one of the most useful
implements ever designed by men for the use of
men.

The locomotive is still in a state of evolution,
and, sympathetically, those round about it are
changing not only in the particulars of their
duties, but in their aspirations and lives. The
engineers and firemen of early days bore little
resemblance to their brothers of the present
period. The latter have not only personally
acquired greater skill, but they possess also the
accumulated experience of those who have gone
before them. It is no exaggeration to say that
the fireman of to-day, even if a novice, is much
superior in capacity to the engineers who had
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charge for a long time after railways were first
operated. The first enginemen were by trade,
blacksmiths and mechanics, who understood
something about metals and machinery, but
were ignorant of the uses of steam or the future
possibilities of the locomotive. It was necessary
to train men for the position. This process has
been going on with ever accelerated speed from
the first day up to the present moment. There
is no end to the road. It grows wider and the
horizon expands with each advancing step.

The firemen and engineers of railways consti-
tute as highly a trained class of men as there are
connected with the technical world of trade at
the present time. Their knowledge and useful-
ness will increase with time and further expe-
rience. It is only reasonable to believe this be-
cause we know that possession of knowledge only
intensifies the desires of men in this direction.
Its acquisition by an ambitious man creates an
unquenchable thirst for further light. His mind
expands with his opportunities in this direction
until the vacuum of the brain appears so much
greater than its filled space that the wisest man
becomes despondent at the meagerness and super-
ficiality of his knowledge.

It is only the bupluncly ignorant man whose
mind is at rest.

With each passing day, knowledge becomes
more and more a necessity to men. The advan-
tages the informed man has over his ignorant
brother, are so great that the latter must likewise
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acquire knowledge or confine himself to the com-
mon drudgeries of life. This is what competition
is doing, and it is thus showing itself as useful in
this department of life as it has in the production
and interchange of material commodities.

Men have no inherent love of study, but the
taste grows, and if one man studies, all must
eventually study or be outstripped in the race of
life. Thus the ambition of a particular man
starts the whole forward. When men acquire a
desire to learn, moreover, their ingenuity sup-
plements the efforts of others, and in this way
accomplishes a double purpose, at once encour-
aging and beneficent.

Asthe driftwood carried to the coast of Spain
suggested to Columbus the unknown world of
America, so the questions and answers embodied
further on herein will suggest a host of collateral
ideas of great value both to the student and his
employer. These inquiries measurably dispel
the darkness, but do not fully light up the hori-
zon. And so it is generally in reference to
books. A great good that they serve is the
thoughts they give rise to in the minds of
readers. The capillary attraction of the human
mind thus exemplified, if I may thus character-
ize it, has this attractive feature, that above the
water line of acquired knowledge it ever attracts
to itself, all that is necessary to nourish or ex-
pand it. It is this feature of the brain reaching
beyond original limits, that has made man the
arbiter of the world, and that makes all things an
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open book to him. The only difficult thing in his
rase is to get his mind in motion; once under
way, it never ceases its inquiries until death
silences its action.

In the case of engineers and firemen many
methods have been devised for adding to their
knowledge so that they may better serve them-
selves and the great industries with which they
are connected. In some of the old countries of
Europe, and particularly in France, technical
schools have been established near the great
shops by railroad companies, so that the children
of employes may early in life be instructed in the
trade they design following, and this under the
immediate eye of their father. Thus, as they
grow up, they associate themselves with him and
afterward, when he 1s too old to work, succeed
him in his calling. In this way, the child is
brought at the most receptive period of its life
into direct contact with the things that are after-
ward to occupy its mind exclusively. The
advantage of this cannot be overestimated, for
we all know that there is a particular period in
life that is illuminated more brightly than any
other, when what we learn we do not forget nor
undervalue. This period, to a great extent,
forms the groundwork of every man’s life. Con-
sequently, if during such period light is thrown
on the work that is afterward to oceupy him, it
exceeds in value knowledge acquired at any other
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period. For this reason, the benevolent inten-
tions of the corporations in providing schools for
the children of employes, will, it is reasonable to
believe, be followed by the best possible results
to themselves. However, the schools are not
intended for the children of firemen and engi-
neers alone, but for all employes engaged about
the shops.

Usunally the effort to educate men for engi-
neers and firemen does not commence until the
men have entered the service. This is where the
great bulk of the railroads of the world take up
the work of instruction. The method they fol-
low in carrying out their object is as diversified
as it is in other things connected with the ser-
vice. Formerly, applicants were put on the
locomotive, and told to go to work, their prepar-
atory instruction being of the simplest possible
kind. This practice is still extensively followed.
In other cases, the fireman is compelled to serve
a brief apprenticeship in the roundhouse. In
still other cases, the preparatory period is more
extended and the labor prolonged. Some com-
panies go so far as to require a man who seeks
to become a fireman to commence emptying
clinker pits, cleaning and wiping engines, and
performing such mechanical duties in connee-
tion with the locomotive as occasion requires.
If he shows adaptability and industry, he is after
a while given an opportunity by being put on
the Extra Firemen list. Here his action is care-
fully scrutinized. If he meets just expectation,
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he is in due course made a regular fireman, the
assistant and second self of the engineer. Here,
while he has his own work to do, and plenty of
it, he has an opportunity to familiarize himself
with the work of the engineer. The facility with
which he does this, will depend upon his ability
to learn and his desire to get on in the world,
but assuming that he, not less than his older
brother the engineer, is animated by an acute
intelligence and a laudable ambition, he must
also have, like the latter, good health, a strong
body, and be free from intemperate habits.
These latter qualities are more necessary to
those connected with locomotives than to others
in the service, although they are necessary to
every man who expects to achieve success in life.

It goes without saying, that every man who
seeks to be a fireman, or who expects to become
an engineer, must have a good character.

The practice of examining into the qualifica-
tions of applicants before hiring them grows in
popular practice every year. Men are scrutin-
ized more carefully than formerly, and once hav-
ing entered the service, greater intelligence is
exercised in ascertaining their capacity and use-
fulness. This is especially true of those branches
of the service where technical skill is required
and perfect trustworthiness needed. In the early
days it was sufficient that an applicant for the
place of fireman was able to perform the work,
which, under the most favorable circumstances,
is very severe. Afterward, as experience taught
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the necessity of it, railroad companies began to
inquire into the antecedents of aspirants. By and
by they got to inquiring about their habits, but
railroads had been operated in America sixty
years before it occurred to them to test the men-
tal capacity and disposition of applicants by care-
ful examinations. As this could not very well
be done before applicants entered the service, it
had to be done afterward. It took, in a general
way, the shape of examinations such as charac-
terize those of students of law and medicine.
Meanwhile, the general trustworthiness of the
employe was scrutinized and his mode of life,
morals, temperament, steadfastness and general
fidelity to duty carefully studied. If deficient in
these latter respects, intellectual and physical
endowments were not sufficient to outweigh
objections. On the other hand, if he possessed
all the moral qualities, and yet was deficient
mentally and physically, he was not considered
as affording good material for a fireman, and,
prospectively, an engineer. Accordingly, if dur-
ing the probationary period he broke down, or
failed to answer the requirements of the service,
he was told to go his way and in some field where
his capabilities would be sufficient for the occa-
sion fix his life occupation. This, instead of being
a hardship or injustice, has been found to be a
kindness to applicants, because it anticipates
subsequent failure and saves them the waste of
time and mortification that would otherwise
ensue.
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It also saves the company, and incidentally the
public, from the mishaps that attend the service
of men inferior in mental and moral qualities. It
not only enables the employer to promptly
separate the capable from the incapable, but
throws around the general public a measure of
safety that carriers are always bound to con-
sider.

In order to pass the examinations, careful study
and preparation, and experience as well, are
required. Applicants must at least have a good
common school education, because this is required
of engineers. Once having entered the service it
is manifest that the efficiency of the incumbent
may be greatly heightened by requiring him to
commence at once systematically to study the
problems of the business with which he is identi-
fied, and not solely, be it remembered, with a
view of performing his present duties properly,
but with the further view of his being promoted
to the responsible position of engineer, ata given
time, or thereafter when opportunity occurs.
Methods of procedure vary on different roads,
according to men’s views of the subject. Some
roads do not make any examinations at all, but
the tendency is more and more in that direction
as their value becomes more and more apparent.
The system which is elucidated further on, and
which meets with the approval of some of the
most experienced and talented Master Mechanics
and Superintendents of Motive Power in the
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world,* contemplates a careful and systematic
course of study. First, however, the habits and
antecedents of applicants are carefully inquired
into, as I have intimated. Once the applicants
have passed this ordeal, the full confidence of
the company is accorded them and every facility
afforded them to pursue their inquiries and stud-
ies 80 as to fit themselves for present and future
work., Every official of the machinery depart-
ment holds himself ready to answer questions or
respond in other directions so far as it may be
proper to aid applicants in this way.

After the applicant for the position of fireman
has passed through the preliminary stages, what-
ever they may be, heis given a series of questions
bearing directly on his future duties and respon-
sibilities as an engineer. These he is expected to
carefully study,and at the end of the time desig-
nated, go before the master mechanic or other
authorized officer and answer them categorically,
with such other questions of an incidental nature,
as are pertinent to the occasion. However, the
list of questions given him and the answers
thereto constitute the examination in the main.

*Among these, Mr. Robert Quayle, who stands in the first
rank in knowledge of railway machinery and equipment and in
conscientions effort to make this great department of the ser-
vice all it should be. He has no superior as a student or execu-
tive, and I desire here to thank him for valuable information
and assistance. I am indebted to many others but to him
especially and particularly. M. M. K,
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Having passed the first examination success-
fully, he is furnished a further list of questions he
will be expected to answer. This constitutes the
second examination. Following this he is fur-
nished the interrogatories which close the course
of study.

In regard to the last examination, no one is
ever sent to take it, whom the master mechanie
above him is not willing to acecept as an engineer
provided he successfully passes it. Another con-
dition and a very proper one is that men sent for-
ward for this examination shall be in their order
of service, other things being equal. The final
examination, which is so important, is usually
conducted by a board appointed for the purpose.
This insures impartiality and thoroughness,
though the same thing can, it is apparent, be
secured by an examination made by the master
mechanic and his associates.

All the examinations having been passed and
the applicant’s work meanwhile having proven
satisfactory, he is ready to take charge of a loco-
motive —is an engineer in fact, ready to fill the
first position of the kind that offers. This is the
goal he has sought. Such is the procedure.*

* It will not be forgotten, in this connection, that the appli-
cant has long before this demonstrated his moral and physical
fitness for the position of engineer, Sometimes the physical
examination is conducted by the machinery department, and
at other times by the surgical department of the railroad. As
will be noticed farther on, each applicant before being passed
is examined with a view to ascertaining whether he is perfectly
familiay with the time table, or not; also with the signals. The
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Different roads vary the details. Its merit is
that it affords a course of study, which, with the
practical experience of the fireman meanwhile,
makes of him a trustworthy engineer. This is
what every fireman strives for and what his em-
ployer requires of him, for it is thus engineers
are made.

If during the progress of the examinations can-
didates are unable to passor answer the questions,
it is generally thought well to extend the time a
reasonable period.

If at the expiration of the time allotted the
applicant is unable to pass, then the expediency
of his seeking other employment naturally sug-
gests itself, and this last for two reasons, as I
have already intimated: First, that the service
may not be clogged by men who cannot ulti-
mately be promoted; and second, that applicants
shall not be allowed to waste their time upon
work not destined to be of lasting advantage to
them. And in this connection it is not considered
too much by those versed in such matters that
applicants shall answer satisfactorily, both in

examinations in regard to these last are sometimes conduected
by the machinery department, but more frequently, perhaps,
by the operating department. Upon many lines, the superin-
tendent is not satisfied until he personally ascertains that
those taking charge of engines are familiar with the rules,
familiar with the time table, and familiar with the signals.
The machinery department looks especially to the technical
fitness of those in charge of locomotives: the operating depart-
ment requires in addition to this, perfeet familiarity with the
the rules governing the movement of engines and trains over
the road.
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writing and orally, eighty per cent of the ques-
tions asked them in each of the examinations.

And in regard to applicants, every assistance
possible is rendered them, as already intimated,
and they are at liberty to go to master mechanies,
foremen and others f()l information in regard to
those things they do not fully understand.

It will be seen from the foregoing that in no
sense will the course of study be forestalled by the
questions that are propounded and the answers
thereto that are contained herein. Both the ques-
tions and the answers applicants will find it use-
ful to eritically study, as students pursue their
studies at universities; but they must not only
know the correct answers to the various inter-
rogatories (because every engineer must under-
stand them), but must understand their purport,
so that they can reply to each question in their
own language and according to their understand-
ing of it. They cannot use the answers embraced
herein—these are intended to be merely instrue-
tive. They must frame answers for themselves.
Thus it will be seen that, while the assistance this
Manual affords will save them much inconven-
ience and many inquiries, it will not save them
from the necessity of studying and framing an
answer of their own to each inquiry that the
examinations contain.

Parallel with the examinations, and along the
same lines, it is a growing practice on many well
managed rulm.uls to maintain schools of instrue-
tion for the purpose of teaching train men, and
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particularly engineers and firemen, in regard to
the construction, use and maintenance of the air-
brake, steam-heating apparatus, use of gas and
electricity for lighting, and other implements of
an intricate or scientific nature that are used on
trains. The expense of this systematic course of
instruction is more than offset by the increased
efficiency of those thus instructed. The efforts of
railway companiesin this direction are everywhere
actively seconded by their employes,as it adds to
their usefulness and renders more certain their
promotion, or if not promotion, then successful
competition in the strife for place and its reten-
tion. Accurate and extended knowledge of their
duties, aside from its present value, cannot, it is
also apparent, but be of the greatest possible use
to those who possess it, should they, through the
cutting down of a force or otherwise, find it nec-
essary to seek employment elsewhere.

The examination of firemen and engineers has
been disregarded on many roads, but it needs
little discernment to see that this state of affairs
cannot continue always. Companies lacking this
element of strength will not be able in the long
run to make a showing as against companies
whose force thr()u(rllout has been carefully
instructed in te('hmcal knowledge of the highest
order in regard to their duties. The omissions
and mistakes of the inefficient and the scandals
they will create, to say nothing of the extra
expense such men entail, will compel the compa-
nies employing them to adopt a more compre-
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hensive plan of selection and instruction, first
with a view of preventing inefficient men from
entering their service, or in case they have such,
to weed them out as soon as possible in the event
they prove to be incompetent. In making these
examinations the railroads will only forestall the
act of the state, for it is only a question of time,
and a short time at that, when firemen and engi-
neers will be compelled to go before a State
Board for examination as to their fitness, the
same as steamboat engineers are required to do,
unless the railroad companies forestall such
action by themselves making the examination.

The questions that it is proper to propound to
applicants for the position of engineer are many
and intricate. The answer to each question, it
will be observed, is of a nature to familiarize the
applicant with his work and to make him of
greater present usefulness, to say nothing of
the future. The sooner, therefore, the applicant
familiarizes himself with his present and pro-
spective duties the better for him and his em-
ployer. The quality of service that the fireman
renders while fitting himself for promotion, also
operates for or against him finally. His work
during this period is compared with that of
others, as is also the care and intelligence he
exercises in the use of oil, fuel and other sup-
plies.

The position of fireman, it is proper to say, is
not only one exacting hard work, but consider-
able knowledge of detail, so that he has an
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opportunity to show fitness in this respect, which
is all-important in the positions that he aspires
to fill.

In propounding the questions that follow, it
will be noticed that no fixed or predetermined
formula is observed. They are, however, specific
and such as are suggested by the practical
experience of those versed in such matters. I do
not seek here, any more than elsewhere, to be
original, but rather useful; to supplement my
limited knowledge wherever possible by the wider
knowledge and experience of others. The par-
ticular form that an examination shall take is not
material, if it is effective. The method I have
followed is the commonplace one of interrogating
the applicant by asking him questions. It is
probable that with the growth of the service the
list of questions will be extended. That would be
of advantage to the applicant if it will extend his
knowiedge.

In reference to the answers to the various
questions, it is not expected, as already inti-
mated, that applicants will restriect themselves
either to the scope or words I use. The answers
I give, while correct, and such as to throw a clear
light on the subject, are not exhaustive.

The fireman who passes an examination is
expected to answer the questions correctly or at
least eighty per cent of them. The information
I give will help him, but it is also intended he
shall give the matter exhaustive thought on his
own account. The subject is a growing one and

3 vol 12
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it is expected of firemen as it is of every man con-
nected with railroads, be he high or low, that he
will not be satisfied with what he knows, but will
strive to keep on acquiring knowledge. I do not
here any more than elsewhere seek to forestall
personal research, but to add to the desire to
acquire it by careful study and thought.

With these explanatory remarks I will take up
the several examinations in their order, and first,
the inquiries that every fireman (whether already
in the service, or just entering it) may at any
time expect to be put into his hands to be
answered at the end of some specified time. A
full knowledge of the questions propounded and
the answers thereto will aid him, not only in the
direct examinations to which he will be sub-
jected, but in replying to collateral questions
which will arise impromptu as the examinations
proceed. Afterwards will be taken up the ques-
tions that in the natural order of things will be
submitted to the fireman after the first examina-
tion has passed, to be answered at some specified
time. Then those questions which constitute the
final examination and upon which depends the
appointment of the fireman as an engineer,*

*In the event a railroad company does not require an exam-
ination such as I refer to, still a study of the subject as here
presented will, as already intimated, materially aid firemen
and others in acquiring the knowledge they must possess in
order to fit them to run an engine. The subject therefore, no
matter how it presents itself, is of interest to them.
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The questions and answers, constituting the
three examinations are generally familiar to en-
gineers. Nevertheless, in their aspect and group-
ing, they present new features that will prove
interesting and instructive even to them. While
designated for firemen seeking advancement, they
cannot prove otherwise than useful to such engi-
neers as may, in the natural order of things, be
doubtful as to their ability to pass a critical ex-
amination, should one be instituted by the state
or the railroad company.*

STEAM AND ITS APPLICATION TO THE LOCOMOTIVE.

Before formally taking up the examinations al-
ready referred to, it will be proper to preface them
by a brief deseription of the simple and primary ap-
plication of steam to the locomotive. Iknow that
such matters are well understood by engineers
and firemen, and are not, therefore, of value to
them; but to those who are not familiar with
the subject, they are interesting and instruetive.
Books and lengthy treatises have been written on
the subject, but, stripped of padding and unneces-
sary words, there is very little to be said if we
omit other matters relating to the locomotive,
including that of the art of firing, which things
I have fully pointed out elsewhere. What I wish

#*They appeal especially, so far as they go, to engineers who
are not familiar by practical experience with present methods
of firing. The engineer not familiar with the needs of to-day
and the exacting requirements in regard to the best (scientific)
methods of using fuel must lose no time in becoming so, if he
desires to maintain a place in the front ranks of his profession.
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to say here, therefore, relates simply to the proe-
ess of getting the locomotive under way.

The power that imparts motion to the locomo-
tive is the expansive force of steam. This force,
which has been known for thousands of years,
was first utilized for purposes of carriage in the
early part of the nineteenth century.

As stated elsewhere, steam is the vapor of
water generated by heating water above the boil-
ing point. Hence steam is water in a gaseous
state and is colorless and imperceptible to the
eye. Saturated steam is steam either in contact
with the water from which it was generated or,
if separated therefrom, is kept at the same tem-
perature and pressure. Wet steam is steam not
only saturated, but also holding in suspension
unevaporated water in the form of minute drops;
it holds this water in suspension mechanically,
due either to the ebulition of the water from
which it is generated or else from a rapid flow
of steam from near the surface of the water, in a
similar manner as the wind off a rough body of
water is noticed to carry drops of spray. Dry
steam is the term usually used for saturated steam
in distinetion from wet steam. Superheated
steam is steam removed from contact with water
and heated above the temperature of the water
from which it was generated; it is variously called
steam-gas, surcharged steam, or anhydrous steam.
Steam more closely resembles a perfect gas when
superheated than in any other state, and it is for
this reason that in the locomotive the attempt is
made to superheat the steam. The boiler has a
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dome from which, and at quite a distance above
the usual water level, reasonably dry steam is
taken, passed through a pipe called the “dry pipe,”
and branching in the smoke-box or front end
of the locomotive where the escaping hot gases
have a tendency to superheat it, passes into the
two cylinders in which its energy becomes useful.

In steam, as in other gases, there is a natural
repulsion between its various particles, each par-
ticle trying to separate itself from the others, so
that it will fill the receptacle in which it is placed,
regardless of the quantity of steam or size of the
vessel holding it. Its matural tendency is to
expand and thus push out whatever resists expan-
sion. If the steam is enclosed and superheated,
therefore, as in the case of alocomotive boiler, the
natural tendency of its particles to separate is
intensified and we thus obtain, according to its
quantity or volume, the steam pressure required.

The vapor seen escaping from a vessel of boil-
ing water, or rolling in elouds from the exhaust
pipe of a locomotive, is only a modification or
diluted agent of the mighty force that does so
much of the world’s work. This vapor is steam
that is resolving itself back into water; the
change or condensation which is visible is caused
by its contact with the cold air. Real steam, as
just stated, is an invisible gas, or, rather, a trans-
parent fluid, really water ('}mnged lnt() gas by
the action of heat. A('cordmgly to make the
steam that an engine requires water must be
boiled. To hasten this and to lessen the cost,
the boiler is permeated with tubes, or flues, con-































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































