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FOREWORD. 

The proper management of locomotives must always be for 
the expeditious movements of trains ON TIME. Compared 
with this necessarily CHIEF SERVICE—every other con-
sideration except SAFETY must be secondary. 

But a great deal can be done by every locomotive engineer 
and fireman to CONSERVE fuel—while compelling their 
engines to promptly do their duty. For this—CARE and 
SKILL in the performance of their important respective 
duties are necessary, based on full and correct KNOWL-
EDGE of the concealed activities of forces that are always at 
work in the operations of every locomotive. 

This knowledge is easy to understand when plainly pre-
sented—but it can NEVER BE LEARNED in the practical 
work of firing and running locomotives. The first steam 
engine builders GROPED IN THE DARK for a hundred 
years for lack of this knowledge. In all that time and with 
all that EXPERIENCE they did not learn it. Consequently 
the engines they built could not make more than a dozen 
effective strokes a minute, and could only pump water. 

All the improvements in steam engines which brought them 
to their present stage of perfection—that enables them to so 
splendidly do the work of the world—were accomplished by 
the builders LEARNING and conforming with the later 
ascertained LAWS OF NATURE which govern the opera-
tions of all steam engines. 

What is the Science of locomotive management? A defini-
tion of "Science" is—"KNOWLEDGE of principles and 
causes—ASCERTAINED truth or facts"—and this indicates 
that the facts were CONCEALED. 

Then the Science of locomotive management is the AS-
CERTAINED TRUTH AND FACTS about the concealed 
activities of the principal matters of locomotive operation— 

the actions of fire in creating heat—of heat in changing water 
into steam—and of steam in propelling the engine. 

On every locomotive such secret forces are always at work 
—and a clear and correct knowledge of them is NECES-
SARY to every locomotive engineer and fireman who wants 
to be 100 per cent. efficient in his work. This knowledge is 
presented herein in an EASILY UNDERSTANDABLE 
WAY for every engineer and fireman. 

What is the POWER of locomotives? It is HEAT. The 
fuel they consume is but the means to obtain the HEAT—
and the Water they use is but the Agent through which the 
power in the HEAT is EXERCISED, in the form of Steam, 
to propel the engines. 

Whence cometh the HEAT? From the fuel? Yes, and 
NO. We burn the fuel and HEAT is produced—but it was 
formally STORED in the fuel by the sunshine that illumi-
nated the Earth millions of years before the advent of Man. 
The HEAT of the Sun was invested in the growth of vege-
tation and the building of great forests, which through 
changes in the land, and earthquakes, were buried in the soil 
and turned into coal. 

Also the HEAT of the Sun caused the growth of vegeta-
tion in the sea which supported life in shoals of marine crea-
tures—which "lived and died throughout millions of years, 
and filled the cavities of the sea with an OILY substance that 
had taken the place of countless trillions of once living little 
bodies." This finally reached the surface of the dry land as—
PETROLEUM, or fuel oil! 

Every coal or oil burning locomotive is running today on 
ANCIENT SUNSHINE—by the power of the HEAT of the 
Sun that reached the Earth millions of years ahead of Man—
and stored his mines with COAL and wells with OIL in anti-
cipation of his need for these fuels when—in the far future—
he learned enough of Nature's Laws to enable him to build 
and operate steam engines successfully. 

G. H. B. 
New York, June, 1927. 
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LESSONS ON 
ECONOMICAL FIRING 

LESSON I. 

IMPORTANCE OF FUEL ECONOMY. 

NOTICE TO EVERY FIREMAN:—It is necessary for you to 
understand that the cost of fuel for locomotives is a Railroad's 
GREATEST SINGLE EXPENSE. Therefore you should be 
very careful in your work as a fireman to AVOID all wastes 
of coal—and keep up steam on the engines you fire with AS 
SMALL consumption of coal as possible. SAVE EVERY 
POUND of coal you can. By so doing you will greatly lessen 
your labor in firing and avoid wasting the Railroad's most 
expensive supply. 

1—Necessities of Skillful Firing. 

FOUR NECESSITIES require locomotive firemen to be 
especially skillful in their work. First, so sufficient steam may 
be produced to make the engine work as wanted. Second, so 
no more fuel shall be burned than is necessary. Third, so 
smoke about stations shall be avoided; and Fourth, so the 
labor of firing may be lightened. 

That the importance of these necessities may be fully 
understood, respectively, they will be explained in the order 
named:- 

FIRST—Sufficient steam for the engine at all times is the 
first necessity of every locomotive, as its power of movement 
and usefulness depends altogether upon its motive power—
STEAM. 

SECOND—Careful economy in the use of fuel is required 
because this most expensive supply costs the railroads of 
North America about Seven Hundred Million Dollars 
($700,000,000) a year— about Two Million Dollars ($2,000,- 
000) A DAY—and an average of about Ten Thousand Dollars 
($10,000 a year for each locomotive in service. 

9 



10 	IMPORTANCE OF GOOD FIRING 

The Engineers and Firemen control the consumption of this 
great wealth of fuel. The portion of it that each engine crew 
can save or waste each day, although not noticeable to a care-
less observer, amounts in the daily aggregate on all of any 
Railroad's engines to many tons—and the total possible sav-
ing extends into many thousands of dollars annually. 

A Railroad's property consists not only of its right of 
way and roadbed, cars, engines and buildings, but also of 
each article of supply purchased for its needs. The fuel sup-
ply for locomotives—IS PROPERTY—exceeding in value 
many cars and many engines. Engine men who waste fuel 
destroy the Company's property in a different way but with 
similar net results as if they smashed cars and engines. So 
it is important that every engineer and fireman shall direct 
earnest attention and efforts to economize fuel in every prac-
ticable way and avoid every unnecessary waste or loss. 

THIRD—SMOKE is evidence of imperfect burning and 
waste of fuel. It is especially objectionable when emitted 
from locomotives while they are entering, standing about or 
leaving stations or the vicinities of offices and residences. 
Locomotive smoke befouling the air in these places brings 
the Company into disfavor with its patrons and the public, 
and results in damage and loss. Therefore the necessity of 
avoiding smoke as much as possible at all times—but always 
when its presence is a NUISANCE. 

FOURTH—Any saving of coal in firing results directly 
and immediately in lightening the labor of the fireman. If by 
careful and intelligent management of his fire he burns less 
coal—just so much easier becomes his work. His intelligence 
saves his muscles the labor of handling unnecessary fuel. 

2—Importance of Good Firing. 

These are the main reasons why it is necessary that firemen 
shall understand the Science and best methods of firing, so 
they may produce the greatest amount of steam with the least 
smoke and the least consumption of fuel. These require-
ments show that a fireman's work is of GREAT IMPOR-
TANCE in the movements of trains. 

HARMONIOUS CO-OPERATION 	 11 

Many firemen take too little interest in their work to dis-
cover its interesting features. They regard the work as dirty, 
because coal is black, though really a clean substance; as 
laborious because careless firing often makes it so, and as 
uninteresting because not understood and not done with suf-
ficient care and pride. 

Pride in good work is as inspiring and honorable in a fire-
man as in an engineer or any officer of the Company. A first-
class fireman will realize the importance of his work in gen-
erating the MOTIVE POWER for the movements of trains 
—study its Science to improve his skill—and be proud of 

perfect work. 

3—Harmonious Co-operation. 

Every engineer and fireman should "work together" to 
operate their engine successfully and economize fuel in every 
reasonable way. The difference between their doing so, or 
not, can affect the coal consumption of the engine—one or 
two tons a day_ 

Many firemen IMPOSE UPON THEMSELVES as much 
extra and entirely unnecessary work as this, either through 
ignorance of the best methods of firing, or through careless-
ness, or because they do not work harmoniously with their 
engineers. 

Absence of harmony between an engineer and fireman in-
sures reduced pleasure in their work, increased anxiety and 
labor—and LOSSES for the Company. 



LESSON 2. 

ESSENTIAL QUALITIES OF ENGINEMEN. 

Regard for Safety. Sobriety. Good Judgment. Loyalty. 
Willingness. Cleanliness and Orderliness. 

4—Regard for Safety. 

A proper regard for SAFETY is the first requirement of an 
engineman. A railroad is built from its foundation up—for 
SAFETY. Every detail of its equipment of cars and locomo-
tives is planned and built for safety, and every Rule for the 
guidance of employees in the operation of the road has for its 
main object the safety of the passengers and commerce car-
ried and men employed, and the safety of the cars and engines 
used in the trains by which the whole work of the railroad is 
accomplished. • 

Carelessness and disobedience of Rules cause most rail-
road accidents. The steadfastly careful and obedient employee 
exempts himself from nearly all dangers. Therefore— 

ALWAYS OBEY THE RULES— 
and conform to the requirements of Safety for yourself, your 
associates, and the engines and trains with whose movements 
you are connected. 

5—Sobriety. 

Sobriety is the main essential virtue of a railroad man. 
Every man connected with the movements of trains needs a 
clear head and steady nerves for the correct judgment that 
will prompt the right action at the right time to avert danger 
and secure safety. Strict sobriety is necessary to these condi-
tions of head and hands. 

Actual railroad experience confirmed by scientific tests have 
proved that intoxicating drink :—First, slows the power to see 
signals. Second, confuses prompt judgment. Third, hastens 
fatigue. Fourth, lessens resistance to exposure and disease. 
Fifth, increases shock from injuries. 

The responsible men in engine service—of all men—must 
especially abstain from intoxicants. The doors of railroad 
employment are closed against the intemperate man, because 
intoxicating drink makes him LESS A MAN. 

12  

GOOD JUDGMENT AND LOYALTY 	13 

There is no place on a railroad for any one who gives a 
part of himself over to the slavery of liquor. The responsible 
duties of railroad service require A WHOLE MAN—not part 
of one. Not one who is a man only part of the time, but one 
who is a whole man with his complete senses—ALL THE 
TIME. 

6—Good Judgment. 

Good judgment correctly measures all the prevailing condi-
tions in an engine's daily work—quickly when necessary—
and prompts the right action at the right time. 

No matter how much a man may KNOW—if he does not 
exercise his knowledge with a good comprehension of ALL the 
conditions involved in his work—he will blunder as a result of 
POOR judgment. Another man having perhaps less knowl-
edge, but zealous to consider and take advantage of all the con-
ditions under which his engine is working—will exercise 
GOOD judgment, and save himself much labor and save his 
Company much expensive fuel. 

So the VALUE of the Instructions given in these Lessons 
about firing and running locomotives ECONOMICALLY will 
depend largely on the faithfulness and GOOD JUDGMENT 
with which you carry them out in your daily work. 

If you want to SUCCEED in locomotive service and win 
advancement—and make your work as easy as possible—
STRIVE to exercise GOOD JUDGMENT in all you do, and 
show that you possess this VITALLY important requirement 
of a good engineman. 

7—Loyalty. 

The Company's managing officers are charged with the gen-
eral conduct of its business and maintenance of its property 
so that the Railroad's operation may yield the best service to 
its patrons, fair pay to its employees, and a fair return in divi-
dends to the share owners whose capital investments in the 
property have made the Railroad what it is. 

The viewpoint of the Management is the SUCCESS of the 
COMPANY in these three supreme ways. This should also 
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be the common viewpoint of every man in the Company's 
service. 

Regard the performance of your duties, and your relation 
to the successful and economical operation of the road—the 
same as if you were an officer of the Company, with its best 
interests at heart. This will insure your greatest efficiency 
in your work, and your personal success. Advise and encour-
age this attitude in others also. 

8—Willingness. 

The best way to succeed is to always DO GOOD WORK—
and show complete WILLINGNESS to do whatever duty 
you are called upon to perform—the BEST you can. 

If such work should be other than firing—you may learn 
something by it that will be of advantage to you in your rail-
road career. Do not consider any kind of engine work as 
beneath you. It is all necessary and honorable, if well done. 
You will be fortunate if your early experience brings you in 
contact with every phase of the work of caring for and repair-
ing locomotives and preparing them for service. 

Consider that the work, whatever it is, is a good chance to 
learn some useful and practical knowledge that you may be 
fortunate in having later on. In your career in the Motive 
Power Department you may come to superintend the work of 
others. You will then regard as fortunate the necessity that 
once required you to do that work for awhile with your own 
hands. 

9—Cleanliness and Orderliness. 

Cleanliness and orderliness should be the guiding principles 
of a fireman's work. The tools, lamps, signal flags and other 
articles of an engine's equipment should be kept in perfect 
order all the time. 

The signal lamps, and the steam-gauge and water-gauge 
lamps should be kept filled, with wicks trimmed and in good 
order and in perfect condition of cleanliness. The safety of 
trains often depends on the proper burning of signal lamps. 

The large oil cans, used for carrying the necessary supply of 
oils, should be kept clean and free from leaks; and the small 
oil cans, used for oiling the engine, should be kept filled and 
clean and in good order. 

LESSON 3. 

THE FORMATION OF COAL. 

First Growth of Vegetation. Burial of Vegetation by Earth- 
quakes. Burial of Vegetation by Rivers. Composition 

of Coal. 

Before we begin to study the most economical methods of 
firing locomotives we must learn what A FIRE IS, and what 
goes on in this wonderful process of "Burning." Probably 
most people think they know "what a fire is"; and yet, if 
questioned closely, comparatively few could tell more than 
that a fire burns fuel and gives off heat. But HOW it does 
this is a fascinating study, and of utmost importance to engi-
neers and firemen. 

To learn the processes of burning—or COMBUSTION—we 
must first study the nature of the fuel we burn—COAL—how 
it was formed and of what it is composed, and to do this we 
must go back to the Earth's beginning. 

10—First Growth of Vegetation. 

Science teaches that the Earth was once a great ball of 

flaming gases, as the Sun is now. After ages of burning, the 
gases condensed to incandescent (red-hot and white-hot) 
liquids, and finally these cooled and became solid on the sur-
face so that a crust was formed over our globe. 

It is the nature of every fire in perfect burning to create-
STEAM—and CARBONIC ACID GAS, Thus WATER is 
formed IN and produced BY FIRE. Perhaps no action of 
Nature is of more striking interest than the fact that FIRE 
CREATES its greatest common antagonist and destroyer—
WATER. 

The great conflagration of the substances of which our 
Earth is composed that raged for unknown Ages—produced 
vast quantities of STEAM and CARBONIC ACID GAS which 
mingled with the Earth's atmosphere. 

15 
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The steam thus formed played an important part in hasten-
ing the formation of a crust over the globe. In rising to a 
great height from the Earth's surface it was cooled by the 
cold of high altitude, condensed, and fell in showers of rain 
upon the red hot surface of the Earth, where it was imme-
diately re-evaporated and forced to rise as steam again to the 
cold of the mountain tops. 

This re-evaporation repeated over and over again exerted a 
powerful influence in cooling the surface of the Earth and 
hastening the formation of a thick crust. The rain acted to 
absorb the heat from the gradually thickening crust, to carry 
it away, and thus cool the world sufficiently for the existence 
upon it of vegetable and animal Life. 

When this purpose was accomplished, so far as to permit 
the beginning of vegetable life, the other product of the great 
fire—CARBONIC ACID GAS—began its operations to trans-
form the surface of the Earth from a barren crust of cinder, 
dust and ashes, into the fit and beautiful habitation for Man-
kind it finally became. 

By some means that yet lie hidden from our knowledge the 
carbonic acid gas, acting together with the sunshine and the 
rain, entered into CHEMICAL COMBINATIONS with the 
DUST of the Earth's crust—and VEGETATION sprang into 
existence. The warmth of the yet thin crust was favorable to 
the rapid and luxuriant growth of vegetation, and the atmos-
phere was so richly charged with carbonic acid gas that great 
plants and trees flourished and grew to gigantic sizes. 

11—Burial of Vegetation by Earthquakes. 

In this early period, probably millions of years before the 
creation of Man, the Earth's crust of rock and soil was yet 
comparatively thin, and volcanic disturbances often caused 
much greater earthquakes than we now know. In such up-
heavals of the soil whole forests were buried. In time the 
new soil gave birth to fresh growths of trees and vegetation, 
and sometimes these in turn were later swallowed up and 
buried by the earthquakes, or the shifting of the soil through 
the action of the waters and winds. 

The buried wood became a soft black substance that con 
tained all the elements of the wood, only in changed form 
This was compressed and hardened by the immense pressure 
of the ever-increasing layers of soil above it, sometimes hun-
dreds and even thousands of feet deep—and finally became the 
COAL that we burn today. 

Successive ages brought successive layers of forest, rock and 
soil deposits—so that we find in some coal regions today sev-
eral beds or layers of this ancient vegetable matter. Original. 
ly  it was all deposited flat, but later earthquakes distorted the 
surface so that we often find the layers of coal in the mines—
distorted, bent and folded just as if they had once been so 
many layers of moist blotting-paper crumpled up in the hand. 

12—Burial of Vegetation by Rivers. 

Also the rivers in their flow to lakes and to the seas carried 
great quantities of drift wood, which in the lapse of time be-
came piled along the banks near their mouths, and were buried 
in the mud. 

In these ways the rivers laid up beds of coal to become 
available for the uses of Man ages afterward—when the sur-
face of the country was so changed by volcanic action that no 
one would suspect this or that high hill or ridge had once 
been the BOTTOM OF A SEA! 

13—Composition of Coal. 

All coal was formed during the Earth's early ages in the 
ways described. Thus the CARBONIC ACID GAS of the 
atmosphere passed into the form of WOOD through the 
growth of vegetation, becoming CARBON—and the carbon 
passed into the form of COAL. 

CARBON forms the chief part of all kinds of coal. It is 
the SOLID part that burns as glowing coals on the grates. 
It is the "coke" of coal and the "charcoal" of wood. 

BITUMINOUS or "soft" coal is composed of carbon, gase-
ous matter and moisture mixed with such impurities as soil, 
rock and sulphur—which form its ash or incombustible mat- 
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ter. These substances are usually found in ordinary soft 
coal about as follows: 

FIXED CARBON 	 50 per cent. 
GASEOUS MATTER and moisture 	40 per cent. 
ASH (incombustible matter) 	10 per cent. 

ANTHRACITE or "hard" coal is nearly all "fixed" carbon. 
It burns on the grate in the SOLID state, as red hot or white 
hot coals. But bituminous coal is usually about half GASE-
OUS matter that burns above the fire as FLAME or else pro-
duces SMOKE. 

All anthracite coal was originally formed as bituminous 
coal, but being afterward subjected to intense heat by volcanic 
action—this caused nearly all its gaseous matter to escape 
It contains only about 5 per cent. of gaseous matter—and this 
is why in burning it makes very little flame and no smoke. 

THE VALUE OF COAL. 

"COAL in truth stands not beside but 
entirely above all other commodities. It is 
the material energy of the country—the uni-
versal aid—the factor in everything we do. 
With coal almost any feat is possible or easy; 
without it we are thrown back into the labor-
ious poverty of early times." 

JEVONS. 

LESSON 4. 

THE COMBUSTION OF COAL. 
I "FIRE— greatest of discoveries — enabling Man 

to live in various climates—use many foods—and 
compel the Forces of Nature to do his work." 

Fire is Man's Greatest Gift. Air in Combustion. The Inactivity 
of Nitrogen. 

14—Fire is Man's Greatest Gift. 

FIRE, according to an ancient fable, was the gift that the 
gods gave to Man alone, of all Earth's creatures—so that he 
might become the powerful Ruler of the world. 

Lord Francis Bacon, writing about the meaning of this 
fable over 300 years ago, said:— 

"Man seems to be the thing in which the whole 
world centres, with respect to final causes, so that if 

he were away all other things would stray and fluctu-
ate, without end or intention, or become perfectly dis-
jointed and out of frame; for all things are made sub-
servient to Man, and he receives use and benefit from 
them all. 

"Thus the revolutions, places and periods of the 
celestial bodies serve him for distinguishing time and 
seasons, and for dividing the world into different re-
gions * * * the winds sail our ships, drive our 
mills and move our machines; and the vegetables and 
animals of all kinds either afford us matter for our 
houses, clothing, food, physic; or tend to ease, or de-
light, or support, or refresh us, so that everything in 
Nature seems not made for itself—but for Man. 
"Man, however, in his first origin, seems to have been 
a defenseless, naked creature, slow in assisting himself, 
and standing in need of numerous things. Providence, 
therefore, hastened to the invention of FIRE, which 
supplies and administers to nearly all human uses and 
necessities * * * for hence proceed numberless 
operations—HENCE ALL THE MECHANICAL 
ARTS—and hence infinite assistances are offered to 
the sciences themselves." 

19 
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This great philosopher lived and gave expression to these 
ideas two centuries before the invention of the first practically 
successful steam engine by James Watt, in which FIRE was 
destined to exert its greatest power for the good of Man, by 
enabling him to multiply his powers of production and trans-
portation from the puny efforts of his physical strength, or 
that of his friend, the horse, or dependence upon the uncer-
tain wind, to the magnificent results accomplished today 
through the tremendous work of countless steam engines in 
mills and shops and factories, on locomotives, and on ships 
that sail the seas. 

Then if Man is the Chief of the creations of the Earth, for 
whom all else is, and as FIRE is his Chief Gift—through the 
operations of which his power is successfully exerted and 
maintained over the world—how necessary it is that engineers 
and firemen—those who actually LIVE by FIRE—and draw 
their life support from the conversion of its power into useful 
work, should study and understand its NATURE, and the 
interesting activities in the processes of COMBUSTION. 

15—Air in Combustion. 

To produce combustion, or cause the burning of a fire-
anywhere—it is as necessary to have a supply of AIR as a 
supply of coal. One is as necessary as the other. 

Our AIR or atmosphere is composed chiefly of two invisible 
gases—OXYGEN and NITROGEN. About four-fifths of the 
volume of the air is nitrogen, and only one-fifth—oxygen. 

It is the OXYGEN in the air that makes our fire burn. It 
is just as much the "FUEL" of a fire as the coal. In burning, 
BOTH are "consumed," or apparently so—but neither is de-
stroyed. Both simply COMBINE CHEMICALLY to pro-
duce a new substance—an invisible GAS. The coal disappears 
as coal and the oxygen disappears as oxygen, but if their 
union is perfect they reappear as CARBONIC ACID GAS. 

Although contrary to the popular idea—the oxygen in the 
air is IN FACT the SUPERIOR FUEL of every coal fire—
because, as we shall see, it changes and controls, by its pres-
ence in the fire in varying QUANTITIES—the chemical 
actions in and the HEAT of the fire.  

16—The Inactivity of Nitrogen. 

NITROGEN, although by far the larger part of the air, 
takes no part in combustion except to modify and RESTRAIN 
the activity of the oxygen, which without such restraint 
would be a disastrous destroyer, as impressively described by 
the great English philosopher, Michael Faraday, as follows :— 

"This other part of the air is by far the larger por-
tion, and it is a very curious body when we come to 
examine it. It is remarkably curious, and yet you say, 
perhaps, that it is very uninteresting. It is uninter-
esting in some respects because of this—that it shows 
no brilliant effects of combustion. If I test it with a 
taper as I do oxygen and hydrogen, it does not burn 
like hydrogen nor does it make the taper burn like 
oxygen. Try it in any way I will, it does neither the 
one thing nor the other; it will not take fire; it will 
not let the taper burn, it puts out the combustion of 
everything. There is nothing that will burn in it in 
common circumstances. 

"And you might say—`It is nothing; it is not worth 
chemical attention. What does it do in the air?' Ah! 
then comes our beautiful and fine results shown by an 
observant philosophy. Suppose, in place of having ni-
trogen, or nitrogen and oxygen, we had pure oxygen 
as our atmosphere—and what would become of us? 

"You know very well that a piece of iron lit in a 
jar of oxygen goes on burning to the end. When you 
see a fire on an iron grate—imagine where the grate 
would go if the whole of the atmosphere were oxygen. 
The grate would burn up more powerfully than the 
coals, for the grate itself is even more combustible than 
the coals which we burn on it. 

"A fire put into the middle of a locomotive would be 
a fire in a magazine of fuel, if the atmosphere were 
oxygen. The nitrogen lowers it down and makes it 
moderate and useful for us; and then, with all that, it 
takes away with it the fumes you have seen produced 
• • * dispenses them throughout the whole of the 
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atmosphere, and carries them away to places where 
they are wanted to perform a great and glorious pur-
pose of good to man—for the sustenance of vegeta-
tion." 

What Professor Faraday so gracefully said is true, and we 
must regard the nitrogen as being a safe envelope for the very 
active and destructive oxygen. What he said of iron being a 
combustible substance is true, and all that is required to make 
it burn is the presence of pure oxygen and a high temperature. 

LESSON 5. 

BURNING OF THE GASEOUS PART OF COAL. 

Knowledge of the importance of SUFFICIENT AIR in a 
fire, and of the processes of Combustion as explained in 
Lessons 4, 5 and 6, is NECESSARY for an understanding of 
the IMPORTANCE of right firing methods—and the 
WASTEFULNESS of wrong practices. 

Chemical and Mechanical Mixtures. How the Gases Burn. 
How Fire Forms Water. 

17—Chemical and Mechanical Mixtures. 

COMBUSTION or "BURNING" is a CHEMICAL pro-
cess. The elements of Nature have two ways of mixing or 
combining—mechanically and chemically. 

The mixing of sand and sugar, or milk and water, would be 
a MECHANICAL mixture. During the mixing nothing of 
particular interest would occur—and afterward they would 
still be simply sand and sugar, or milk and water. 

But when substances capable of doing so combine CHEM-
ICALLY—they cease to exist in their individual forms—DIS-
APPEAR--and join together to form A NEW and DIFFER-
ENT substance! 

Considering the mixtures mentioned (sand and sugar, and 
milk and water), if we should dissolve the sugar—the sand 
would remain solid; and if we should evaporate the water 
from the milk—the milk would resume its former state. Such 
are MECHANICAL mixtures. 

But when the two gases—oxygen and hydrogen "burn" or 
unite CHEMICALLY in the proportion of TWO atoms of 
hydrogen and ONE atom of oxygen—A HOT FIRE results, 
and the fire CREATES from the two invisible gases A NEW 
SUBSTANCE—totally unlike either of them—WATER! 

If we put a spoonful of sugar in a cup of tea, the sugar dis-
solves and mixes with the tea. It is a MECHANICAL mix-
ture. If we let the tea evaporate we shall find every grain 
of the sugar at the bottom of the cup. 

But if we take a piece of charcoal and heat it red-hot—its 
particles, or atoms, will combine CHEMICALLY with the 
atoms of the oxygen gas in the air—and A HOT FIRE will 
result; and the fire will produce A NEW substance—unlike 
either the oxygen gas or the charcoal—CARBONIC ACID 
GAS. 

It is not for us to discuss WHY there are these different 
kinds of mixtures, with their wonderfully different results. 
In viewing the facts we face Nature's ETERNAL AND UNI-
VERSAL LAWS—by which not only all Earthly changes 
and operations are governed, but also everything in the sur-
rounding Universe. 

18--How the Gases Burn. 

We learned in Lesson 3 that bituminous coal is nearly half 
gaseous matter. This is composed chiefly of carbon vapor, 
moisture and hydrogen gas. As soon as the coal becomes 
heated by the fire these gases are expelled from it, and if suffi-
cient AIR is present to furnish the needed oxygen, and the 
temperature of bright red-hot iron (1,800 degrees) exists in 
the furnace, the gases "catch fire" and burn. At this tempera-
ture, called the "TEMPERATURE OF IGNITION," the 
chemical attractions between the atoms of the gases from the 
coal and oxygen in the air become so great that they CLASH 
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TOGETHER—and FLAME and light and HEAT are the re-
sults of their collisions. 

Under all conditions of coal burning the following processes 
take place :— 

FIRST :—The hydrogen gas SEPARATES itself from the 
carbon vapor and combines with the oxygen gas in the air 
in the fire—TWO atoms of hydrogen with ONE atom of oxy-
gen—forming STEAM. When this condenses it is WATER. 

SECOND :—Then the carbon vapor combines with the oxy-
gen in the air in the fire—ONE atom of carbon with TWO 
atoms of oxygen—forming CARBONIC ACID GAS. 

In this manner the GASEOUS portion of the coal is ex-
pelled and burned, leaving most of the CARBON of the coal 
upon the grates—as glowing red or white hot coals. 

IMPORTANT :—If the fire is thereafter supplied with 
SUFFICIENT AIR, so that TWO atoms of oxygen can unite 
with EACH atom of carbon in the burning coals—PERFECT 
combustion will result, and produce—CARBONIC ACID 
GAS. A pound of carbon so burned will yield 14,500 units of 
heat. 

A "unit of heat" is the regular basis for MEASURING dif-
ferent quantities of heat. It is the amount of heat that will 
warm A POUND (a pint) of water ONE DEGREE in tem-
perature. It is about as much heat as is made by burning 
half an ordinary match, or that portion of a match usually 
used to "light" a pipe or cigar. 

THIRD:—But if the supply of air is RESTRICTED in 
any way, as by ashes or clinkers clogging the openings be-
tween the grates, so not enough oxygen can get to the fire to 
give EACH carbon atom TWO oxygen atoms—then EACH 
atom of carbon will unite with ONE atom of oxygen, result-
ing in IMPERFECT combustion, and the formation of—NOT 
carbonic acid—but carbonic OXIDE gas. A pound of carbon 
so burned will yield only 4,452 units of heat 10,000 units or 
TWO-THIRDS LESS HEAT than if sufficient OXYGEN 
had been supplied to the fire. 

In burning coal it is of the UTMOST IMPORTANCE to 
understand and be guided by these FACTS, so that the 

BURNING OF GASES 	 25 

GREATEST amount of HEAT shall be obtained from the 
coal we burn. 

To accomplish this it is of FIRST IMPORTANCE to IN-
SURE the free passage of sufficient AIR to the burning coal, 
so all the oxygen needed to form carbonic ACID gas may be 
supplied, and thus avoid the great loss sustained when, be-
cause of restricted AIR supply, only enough oxygen reaches 
the coal to form carbonic OXIDE gas—when TWO-THIRDS 
of the HEAT which we should get from the coal will be 
LOST. 

19—How Fire Forms Water. 

Hydrogen gas forms about 5 per cent, or a 20th part of the 
weight of bituminous coal. But in burning, it gives off 62,000 
heat units per pound—over FOUR TIMES more heat than is 
given off by the perfect burning of the same weight of carbon, 
so a large part of the total heat of burning coal comes from 
the hydrogen gas it contains and gives up in the fire. 

As stated, the burning of hydrogen gas CREATES STEAM 
—IN THE FIRE. When steam cools and condenses—we 
have WATER. It seems strange that fire should form water. 
But there is no other way in which water can be formed ex-
cept BY FIRE—by the burning of hydrogen and oxygen 
gases. 

When we consider the vast oceans of water on the earth, 
every pound or pint of which in forming generated 62,000 
units of heat—enough to boil away 50 pounds of ice water—
we can form some faint conception of the fierceness of the 
heat of the great conflagration that raged for ages when the 
Earth was A SUN of liquid FIRE—instead of the temperate 
and beautiful abode we find it now, with so many abundant 
provisions for our needs—among the chief of which are AIR 
and COAL and WATER I 


