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FIRST STEPS.

“I think I could make a better engine than
that.”

“Do you? Well, some’ing’s wanted; hauling
coal by horses is very expensive.”

“Ay, it is, and I think an engine could do it
better.”

“Mr. Blackett’s second engine burst all to pieces;
d’ye mind that?”

“How came that about?”

“Tommy Waters, who put it together, could not make
it go, so he got a bit fractious and said she should move.
He did some’ing to the safety-valve and she did begin
to work, but then she burst all to pieces.”

“Ay, ay, but this one is an improvement.”

“It had need be. Even the third was a perfect
plague.”

“What! you mean Mr. Blackett’s third engine?”

“Ay. It used to draw eight or nine truck loads at
about a mile an hour, or a little less; but it often got
cranky and stood still.”

“Stood still!”

“Ay; we thought she would never stick to the road,
so we had a cogged wheel to work into a rack-work rail
laid along the track, and somehow she was always
getting off the rack-rail.”

“And now you find that the engine is heavy enough
herself to grip the rail.”

“Ay, that was Will Hedley’s notion; he’s a viewer
at the colliery. And it is a great improvement. Why,
that third engine, I say, was a perfect nuisance. Chaps
used to sing out to the driver: ‘How do you get on?’”

“‘Get on,’ sez he, ‘I don’t get on; I on’y get off!’”

“It was always goin’ wrong, and horses was always
having to be got out to drag it along.”

“How did Hedley find out that a rack-rail was not
needful?”

“Well, he had a framework put upon wheels and
worked by windlasses which were geared to the wheels.
Men were put to work these windlasses which set the
wheels going; and, lo and behold, she moved! The
wheels, though smooth, kept to the rails, though they
were smooth also, and the framework went along without
slipping. ‘Crikey!’ says Hedley, ‘no cogged wheels,
no chains, no legs for me! We can do without ’em all.
Smooth wheels will grip smooth rails.’ And he proved
it too by several experiments.”

“Then Mr. Blackett had this engine built?”

“Ay, and it be, as you say, a great improvement.
But that steam blowing off there, after it have done its
work, frights the horses on the Wylam Road ter’ble, and
makes it a perfect nuisance.”

“Has nothing been done to alter it?”

“Mr. Blackett has given orders to stop the engine
when any horses comes along, and the men don’t like
that because it loses time. He thinks he is going
to let the steam escape gradual like, by blowing it off
into a cask first.”

“Umph! very wasteful.”

“Oh, ay; it be wasteful; and many a one about
here sez of Mr. Blackett that a fool and his money are
soon parted.”

“No,” said the first speaker, shaking his head thoughtfully,
“Mr. Blackett is no fool. But I think I could
build a better engine than that.”
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The tone in which these words were uttered was not
boastful, but quiet and thoughtful.

“You are Geordie Stephenson, the engine-wright of
the Killingworth Collieries, ’beant you?”

“Ay; and we have to haul coal some miles to the
Tyne where it can be shipped. So you do away with
all rack-work rails and all cogged wheels, do you?”

“Ay, ay, Geordie, that’s so—smooth wheels on
smooth rails.”

This conversation, imaginary though to some extent
it be, yet embodies some important facts. Jonathan
Foster, Mr. Blackett’s engine-wright, informed Mr.
Samuel Smiles, who mentions the circumstance in his
“Lives of the Engineers,” that George Stephenson
“declared his conviction that a much more effective
engine might be made, that should work more steadily
and draw the load more effectively.”

Geordie had studied the steam-engine most diligently.
Born at Wylam—some eight miles distant from Newcastle,
about thirty years previously—he had become
a fireman of a steam-engine and had been wont to take
it to pieces in his leisure. He was now thinking over the
subject of building a locomotive engine, and he decided
to see what had already been accomplished. He would
profit by the failures and successes of others. So he went
over to Wylam to see Mr. Blackett’s engines, and to Coxlodge
Colliery to see Mr. Blenkinsop’s from Leeds; and
here again it is said, that after watching the machine
haul sixteen locomotive waggons at a speed of about
three miles an hour, he expressed the opinion that “he
thought he could make a better engine than that, to
go upon legs.”

A man named Brunton did actually take out a patent
in 1813 for doing this. The legs were to work alternately,
like a living creature’s. The idea which seems
to have troubled the early inventors of the locomotive,
was that smooth wheels would not grip smooth
rails to haul along a load. And it was Blenkinsop
of Leeds who took out a patent in 1811 for a rack-work
rail into which a cog-wheel from his engine
should work.

Thus William Hedley’s idea of trusting to the weight
of the engine to grip the rails, and abolishing all the
toothed wheels and legs and rack-work for this purpose
on a fairly level rail, was the first great step toward
making the locomotive a practicable success.
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(At present in South Kensington Museum.)



The idea that Stephenson invented the locomotive is
a mistake. But just as James Watt improved the
crude steam pumps and engines he found in existence,
so George Stephenson of immortal memory developed
and made practicable the locomotive. For, in spite of
Hedley’s discovery or invention, all locomotives were
partial failures until Stephenson took the matter in
hand.

Nevertheless, William Hedley’s “Puffing Billy” must
be regarded as one of the first practicable railway engines
ever built. It is still to be seen in the South Kensington
Museum, London. Patented in 1813, it began
regular work at Wylam in that year, and continued
in use until 1872. It was probably this engine which
Stephenson saw when he said to Jonathan Foster that
he could make a better, and it was no doubt the first
to work by smooth wheels on smooth rails. Altogether
it has been looked upon as the “father” of the enormous
number of locomotives which have followed.

Mr. Blackett was a friend of Richard Trevithick;
and among the various inventors and improvers of the
locomotive engine Richard Trevithick, a tin-miner in
Cornwall, must have a high place.

Trevithick was a pupil of Murdock, who was assistant
of James Watt. Murdock had made a model successfully
of a locomotive engine at Redruth. Others also
had attempted the same thing. Savery had suggested
something of the kind; Cugnot, a French engineer,
built one in Paris about 1763; Oliver Evans, an
American, made a steam carriage in 1772; William
Symington, who did so much for the steamboat, constructed
a model of one in 1784. So that many minds
had been at work on the problem.

But Richard Trevithick was really the first Englishman
who used a steam-engine on a railway. He had
not much money and he persuaded his cousin, Andrew
Vivian, to join him in the enterprise. In 1802 they
took out a patent for a steam-engine to propel carriages.

But before this he had made a locomotive to travel
along roads, and on Christmas Eve, 1801, the wonderful
sight could have been seen of this machine carrying
passengers for the first time. It is indeed believed to
have been the first occasion on which passengers were
conveyed by the agency of steam—the pioneer indeed
of a mighty traffic.

The machine was taken to London and exhibited in
certain streets, and at length, in 1808, it was shown on
ground where now, curiously enough, the Euston Station
of the London and North-Western Railway stands.
Did any prevision of the extraordinary success of the
locomotive flash across the engineer’s brain? Before
the infant century had run its course what wonderful
developments of the strange new machine were to
be seen on that very spot!

Much interest was aroused by the exhibition of this
machine, and Sir Humphrey Davy, a fellow Cornishman,
is reported to have written to a friend—“I shall
soon hope to hear that the roads of England are the
haunts of Captain Trevithick’s dragons—a characteristic
name.”

His letter tends to show that the idea then was that
the engine should run on the public roads, and not on a
specially prepared track like a railway. Had not this
idea been modified, and the principle of a railroad
adopted, it is hardly too much to say that the extraordinary
development of the locomotive would not have
followed.

Trevithick’s first engine appears to have burst. At
all events, in the year 1803 or 1804, he built, and began
to run, a locomotive on a horse tramway in South
Wales. It appears that he had been employed to
build a forge-engine here, and thus the opportunity
was presented for the trial of a machine to haul along
minerals. This, it is believed, was the first railway
locomotive, and its builder was Richard Trevithick.

The trial, however, was not very successful. Trevithick’s
engine was too heavy for the tramway on which 
it ran, and the proprietors were not prepared to put
down a stronger road. Furthermore, it once alarmed
the good folk, unused then to railway accidents, by
actually running off its rail, though only travelling at
about four or five miles an hour. It had to be ignominiously
brought home by horses. That settled the
matter. It became a pumping engine, and as such
answered very well.

In this locomotive, however, it should be noted Trevithick
employed a device which, a quarter of a century
later, Stephenson made so valuable that we might call
it the very life-blood of the Locomotive. We mean the
device of turning the waste steam into the funnel (after
it has done its work by driving the piston), and thus
forcing a furnace draught and increasing the fire.
Stephenson, however, sent the steam through a small
nozzled pipe which made of it a veritable steam-blast,
while Trevithick, apparently, simply discharged the
steam into the chimney.

Disgusted it would seem by the failure, the inventor
turned his attention to other things. Trevithick appears
to have lingered on the very brink of success, and then
turned aside. Another effort and he might have
burst the barrier. But it was not to be; though if any
one man deserve the title, Inventor of the Locomotive,
that man is the Cornish genius Trevithick.
Readers who may desire fuller information of Trevithick
and his inventions will find it in his “Life” by
Francis Trevithick, C.E., published in 1872.

It must be borne in mind that Stephenson found
the imaginary hindrance that smooth wheels would not
grip smooth rails, cleared away for him by Hedley’s
experiment, whereas Trevithick had to contend against
this difficulty. He strove to conquer it by roughing
the circumference of his wheels by projecting bolts, so
that they might grip in that way. That is, his patent
provided for it, if he did not actually carry out the
plan.

It is very significant that this imaginary fear should
have hindered the development of the locomotive.
The idea seems to have prevailed that, no matter how
powerful the engine, it could not haul along very
heavy loads unless special provision were made for
its “bite” or grip of the rails. Another difficulty
with which Trevithick had to contend was one of cost.
It is said that one of his experiments failed in London
for that reason. This was apparently the locomotive
for roads, as distinct from the locomotive for rails. A
machine may be an academic triumph, but the question
of cost must be met if the machine is to become a
commercial and industrial success.

Mr. Blenkinsop of Leeds then took out his patent in
1811 for a rack-work rail and cogged wheel; but
before this Mr. Blackett of Wylam had obtained a
plan of Trevithick’s engine and had one constructed.
He had met Trevithick at London, and it was as early
as 1804 that he obtained the plan. The engines, therefore,
of Mr. Blackett which Stephenson saw, came, so to
speak, in direct line from Trevithick, except that Mr.
Blackett’s second engine was a combination of Blenkinsop’s
and Trevithick’s.

Some progress was made, but when on that memorable
day George Stephenson, the engine-wright of Killingworth,
said, “I think I could build a better engine
than that,” no very effective or economical working
locomotive was in existence.

Back therefore went George Stephenson to his home.
He had seen what others had done, and with his knowledge
of machinery and his love for engine work he would now
try what he could do.

Would he succeed?
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GLANCING BACKWARDS AND STRUGGLING FORWARDS.

“My lord, will you spend the money to build a
Travelling Engine?”

“Why? what would it do?”

“Haul coals to the Tyne, my lord. The
present system of hauling by horses is very costly.”

“It is. But how would you manage it by a Travelling
Engine?” Thereupon George Stephenson the
engine-wright proceeded to explain.

In some such manner as this we can imagine that
Stephenson opened up the subject to Lord Ravensworth,
the chief partner in the Killingworth Colliery;
and he won his lordship over.

Stephenson had already improved the colliery
engines, and Lord Ravensworth had formed a high
opinion of his abilities. So after consideration he gave
the required consent.

Now, let us endeavour to imagine the position. The
steam engine, of which the locomotive is one form,
had been invented years before. The Marquis of
Worcester made something of a steam engine which
apparently was working at Vauxhall, South-west
London, in 1656. It is said that he raised water forty
feet, and by this we may infer that his apparatus was
a steam-pump. He describes it in his work “Century
of Inventions,” about 1655, and he is generally accredited
with being the inventor of the steam engine. It was,
however, a very primitive affair, the boiler being the
same vessel as that in which the steam accomplished
its work.

Captain Savery took the next step. He was the
first to obtain a patent for applying steam power to
machinery. This was in 1698, and he used a boiler
distinct from the vessel where the steam was to exert
its power. Savery’s engines appear to have been used
to drain mines.

His engines acted in this way—the steam was
condensed in a vessel and produced a vacuum which
raised the water; then the steam pressing upon it
raised it further in another receptacle.

An obvious improvement was the introduction of the
piston. This was Papin’s idea, and he used it first in
1690. Six years later an engine was constructed by
Savery, Newcomen (a Devonshire man), and Cawley,
in which the “beam” was introduced, and also the
ideas of a distinct boiler separate from a cylinder in
which worked a piston. This machine was in operation
for about seventy years. The beam worked on an axle
in its centre—something like a child’s “see-saw,” and
one end being attached to the piston moving in the
cylinder, it was worked up and down, the other end of
the beam being fastened to the pump-rod, which was
thus alternately raised and depressed.

The upward movement of the piston having been
effected by a rush of steam from the boiler upon its
head, the steam was cut off and cold water run in upon
it from a cistern. The steam was thus condensed by
the water and a vacuum caused, and the piston was
pressed down by the weight of the atmosphere—of
course dragging down its end of the beam, and raising
the pump-rod. The steam was then turned on again
and pushed up the piston, and consequently the end
of the beam also. Thus the engine continued to work,
the turning of the cocks to admit steam and water
being performed by an attendant. The engine was,
however, made self-acting in this respect, and Smeaton
improved this form of engine greatly. The beam is
still used in engines for pumping.

Nevertheless, improved though it became, it was still
clumsy and almost impracticable. It was the genius of
James Watt which changed it from a slow, awkward,
cumbrous affair into a most powerful, practicable, and
useful machine.

His great improvements briefly were these: he condensed
the steam in a separate vessel from the cylinder,
and thus avoided cooling it and the consequent loss of
steam power; secondly, he used the steam to push back
the piston as well as to push it forward (this is called
the “double-acting engine,” and is now always used);
thirdly, he introduced the principle of using the steam
expansively, causing economy in working; and fourthly,
he enabled a change to be made of the up and down
motion of the piston into a circular motion by the introduction
of the crank.
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The use of the steam expansively is to stop its rush
to the cylinder when the piston has only partially
accomplished its stroke, leaving the remainder of the
stroke to be driven by the expansion of the steam.
In early engines the steam was admitted by conical
valves, worked by a rod from the beam. Murdock,
we may add in parenthesis, is believed to have invented
the slide-valve which came into use as locomotives
were introduced, and of which there are now
numerous forms. The valve is usually worked by an
“eccentric” rod on the shaft of the engine.

Watt was the author of many other inventions and
improvements of the steam engine. Indeed, although
Savery and Newcomen and others are entitled to great
praise, it was Watt who gave it life, so to speak, and
made it, in principle and essence, very much that which
we now possess. There have, indeed, been improvements
as to the boiler, as to expansive working, and
in various details, since his day; but, apart from the
distinctive forms of the locomotive and the marine
engine, the machine as a whole is in principle much as
Watt left it.

The centre of all things in a steam engine is usually
the cylinder. Here the piston is moved backward and
forward, and thence gives motion as required to other
parts of the machine.

The cylinder is in fact an air-tight, round box, fitted
with a close-fitting, round plate of metal, to which is
fixed the piston-rod. Now, it must be obvious that if
the steam be admitted at one end of the cylinder it
will, as it rushes in, push the metal plate and the piston
outward, and if this steam be cut off, and the steam
admitted to the other end of the cylinder, it will push
the metal plate and piston back again.

But what is to be done with the steam after it has
accomplished its work? It may be permitted to spurt
out into the air, or into a separate vessel, where it may
be condensed. In the locomotive, under Stephenson’s
able handling, this escape of steam was created into
a steam-blast in the chimney to stimulate the fire. In
compound and triple-expansion engines the steam is
used—or expanded, it is called—in two or three
cylinders respectively. When steam is condensed, it
may be returned to the boiler as water.

It was the repairing of a Newcomen engine that
seems to have started Watt on his inventions and
improvements of the steam engine. He was then
a mathematical instrument maker at Glasgow. As
a boy he had suffered from poor health, but had
been very observant and studious; and it is said
that his aunt chided him on one occasion for wasting
time in playing with her tea-kettle. He would watch
the steam jetting from its spout, and would count the
water-drops into which the steam would condense when
he held a cup over the white cloud.

Delicate though he was in health, he studied much,
and came, indeed, to make many other articles besides
mathematical instruments. When, therefore, the Newcomen
engine needed repair, it was not unnatural that
it should be brought to him. It appears to have been
a working model used at Glasgow University. He
soon repaired the machine; but, in examining it, he
became possessed with the idea that it was very
defective, and he pondered long over the problem—How
it might be improved. What was wanting in
it? How could the steam be condensed without cooling
the cylinder?

Suddenly, one day, so the story goes, the idea struck
him, when loitering across the common with bent brows,
that if steam were elastic, it would spurt into any
vessel empty of air. Impatiently, he hastened home
to try the experiment. He connected the cylinder
of an engine with a separate vessel, in which the air
was exhausted, and found that his idea was correct;
the steam did rush into it. Consequently the steam
could be condensed in a separate vessel, and the heat
of the cylinder maintained and the loss of power
prevented. This invention seems simple enough; yet
it increased the power of an engine threefold, and
is at the root of Watt’s fame. We must remember
that the inventions which in process of time may
appear the simplest and the most commonplace, may be
the most difficult to originate. And it may fairly
be urged—If it were so very simple, and so very
obvious, why was it not invented before? The supposition
is that in those days it was not so simple.
It is possible that the great elasticity of steam was
not sufficiently understood. In any case, the discovery
and its application are regarded as his greatest invention.

Yet ten years elapsed before he constructed a real
working steam engine, and so great we may suppose
were the difficulties he encountered, including poorness
of health, that once he is reported to have exclaimed:
“Of all things in the world, there is nothing so foolish
as inventing.”

But a brilliant triumph succeeded. Eventually Watt
became partner with Mr. Matthew Boulton, and the
firm of Boulton & Watt manufactured the engine at
Soho Ironworks, Birmingham. Mining proprietors
soon discovered the value of the new machine, and
Newcomen’s engine was superseded for pumping.
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