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PREFACE
TO THE SIXTH EDITION.

Tae approaching centenary of the railway locomotive,
together with the consideration of the rapid develop-
ments which have taken place since this work was
last issued, renders it very desirable that a new and
sixth edition shall now be published, in order to bring
the links in the chain of information up to the present
day.

It is a remarkable fact that, although the steam
engine has not yet been in use upon railways for a
period of a hundred years, it has developed to the
utmost of its powers upon railways as now con-
structed.

The modern locomotive, as illustrations and details
given in this volume will show, has already been made
of maximum dimensions; and in view of the loading
gauge, the height of bridges, and the width between
the various pairs of rails, it is difficult to see how
better results can be obtained than those already given
by the miost modern engines.

When the first edition of this book was published,
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the steam locomotive was practically the only means of
propulsion for heavy weights and over long distances,
and so long as the steam engine itself, with its tender,
weighed only about 55 to 60 tons, and the average
speed of trains did not exceed fifty miles an hour,
nothing could be better than the steam locomotive;
but now that loads have been vastly augmented and
speeds increased, the size of the engine and tender has
of necessity been enormously enlarged also, in many
cases to 100, and even 110 tons, with the result that
the railway locomotive has become an expensive and
extravagant appliance.

This very great change in circumstances requires
some further examination and consideration. Taking
a case for comparison, attention should in the first
place be directed to the year of the great “ continuous
brake trials,” when various trains of the most up-to-
date description were tried at Newark in 1875.

The average weight of the engines and tenders was
then about 55 tons, and of the fifteen carriages about
150 tons. The express train of that period, therefore,
weighed about 210 tons complete. The average speed
on various lines would be from 43 to 46 miles an
hour, and the coal consumption about 18 to 22 lbs.
per mile.

Now let the details of a modern train be compared.
The result will show that the engine and tender have
doubled in weight. The train being increased to a load
calculated as equal to twenty coaches, and composed of
heavy carriages, such as dining carriages and corridor
stock, will weigh fully 320 tons, or, with the engine
and tender, about 420 tons. The average speed has
increased to from 53 to 60 miles an hour, with the
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result that the coal consumption has risen to 40, 50,
and even 56 lbs. per mile, and often a second engine
has to be taken. An enormous increase in working
expenses is thus apparent, but this would be of no
consequence if the paying load were proportionately
increased.

This, unfortunately, it appears, is not the case, for the
official returns show that the 210-ton express of 1875
carried more passengers, and brought in more receipts
per mile, than the 420-ton express at the present day.
In other words, it takes more steam, coal, and water
now to convey an engine and tender alone than it did
in 1875 to take the whole train and engine complete.
The result is that expenses increase and shureholders’
dividends fall.

For many years it was found that out of every
pound steriing taken in receipts, 8s. was required for
working expenses, and 12s. was available for appropria-
tion as dividend or otherwise. Now the position is
reversed, and the working expenses take about 12s. 3d.,
leaving a margin of only 7s. 9d.

Railway directors and engineers, seeing that no
further economy can be obtained with use of the steam
locomotive, have naturally turned their attention to
“ electric traction,” and the question is being asked,
“ Why haul about at the head of each train a 100-ton
engine when, by means of two electric wires or con-
ductors, power to work the train can be generated by
stationary engines placed every few miles along a
railway, and the traction be effected far better and
more cheaply by electricity than by the modern heavy
steam locomotive?” And as this volume is passing
through the press, reports come to hand of projected
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« petrol-engine autonomobile ” trains, said to be in
construction in France and in England (see post,
pp. 242-246).

" In previous editions reference has been made to the
“ Stretton Railway Collection >’ which was prepared by
the Author for the railway section of the Chicago Exhi-
bition of 1893, and which, when placed in position, was
found to consist of 1,500 photographs, books, drawings,
papers, etc., and 10 tons weight of early railway rails.
It should here be added that, since this collection was
returned to England, the wholeof it has been presented
to the nation by the Author and his son, and as no
building was available in which to place the complete
collection, it has been distributed amongst various
museums and free libraries at South Kensington,
Liverpool, Leicester, Oxford, Crewe, Holyhead, and
elsewhere. In a short time, no doubt, the various
authorities will have completed the placing of the
various exhibits in position for public inspection and
use. ‘

C.E. 8.

Saxe Cosure Housg,
LERIORSTER,
December, 1902,
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INTRODUCTION.

THE great increase of power and speed mentioned in
the preface will at once suggest the questions, How
has it been attained? and, What are the particular
improvements which have rendered it possible ?

The improvement is due to three reasons. In the first
place, all the main lines of the principal companies are
laid with steel rails, and are in a state of most perfect
efficiency, which has reduced the resistance considerably.
Secondly, the introduction of “ bogie ” express engines
has now become almost general, indeed hardly any
passenger engines have been built without “bogies”
during the past two years ; and the large introduction
of “bogie ” carriages has also been a most important
improvement. Thus it will be seen that the resist-
ance to be overcome by the locomotive is considerably
reduced. Thirdly, on the other hand, the power of the
engines has been greatly increased by the use of higher
steam pressure. Years ago 120 and 140 lbs. per square
inch were the usual pressures; now 160, 175, and 180
are used, and 200 has been tried. The Author, how-
ever, is not in favour of less than 160, or more than
180. The extra pressure of from 20 to 40 lbs. per
square inch may naturally be expected to add greatly
to the work done by locomotives, and the fact that at
least five miles an hour has been added to the maximum
speed, together with the conveyance of heavier trains,
is the practical result. The efficiency of design and
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construction also enables ¢ long runs ”’ to be now made,
which could not have been attempted some years ago.

As mentioned in previous editions, the amount of
early locomotive history available is enormous, and
discoveries of drawings, books, and miscellaneous infor-
mation are frequently being made, including official
details of engines and carriages which for years past
have been unknown and forgotten. Quite recently
some large rolls of old documents have been sent to the
Author for examination, and have been found to contain
drawings and full particulars of engines which were
employed considerably more than half a century ago. .

Attention should be directed to the fact, that in the
early days of railways a very similar set of names was
adopted by different lines for their locomotives. For
instance, a * Comet,” a *Phenix,” a * Samson,” a
“@oliath,” a “ Vulcan,” an  Atlas,” a ¢ Liverpool,”
were to be found on nearly all lines, and the official
lists prove that in 1840 no less than ¢en engines were
running in this country named ‘ Liver »’ and ¢ Liver-
pool.” This shows that those who desire to investigate
the history of certain engines must be extremely careful
not to be confused by the similarity of names.

Another difficulty is that several locomotive makers
each built ‘trial engines’ upon their own system or
patent, and obtained the permission of certain com-
panies to try them on their lines; in some cases the
railway companies afterwards purchased the engines,
in others they did not. As an instance, Mr. Bury, in
1830, built an engine named “ Dreadnought ; " it was,
by permission, tried on no less than five lines, and then
taken back to the works and broken up, but in 1831
most of the parts were used in a new engine named
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*“Liverpool,” which by permission of the Liverpool and

Manchester Railway Company ran a trip on that line,
and was at once purchased for the Petersburg Railroad
of America, where soon after its arrival in May, 1831,
it became known as the ‘ Spitfire.”” The Author
happens to have the maker’s private number, marked
upon the drawings, corresponding with that stamped
upon parts of the engine itself, or it would have been
impossible to trace its history.

In a similar way an engine named “ John Bull”’ was
sent from Newcastle to the Mohawk and Hudson Rail-
road in 1831, and immediately afterwards another
engine named ‘Stevens” was sent from Newcastle to
the Camden and Amboy Railroad, but upon its arrival
in America the name was changed to ‘“ John Bull.”
Some doubt was at one time expressed as to which
“John Bull’’ was actually the one at the Chicago
Exhibition ; but by means of the old drawings, and an
examination of the parts stamped with the maker’s
number, the Author had no difficulty in deciding that
the engine at Chicago was without doubt the one which
had been first named * Stevens,” and the one with the
round fire-box recorded by Wood in his book of 1838.

Locomotive historians, and others who are interested
in the subject, would do well to always record the
makers’ numbers of locomotives, asa comparison with
the makers’ books and drawings will at any time prove
the actual date when made and other details. An
instance of this is seen with reference to the ¢ North
Star,” page 72. The engine was originally built for an
American railway, and was actually sent on board ship
to New York and back, before being altered for the
Great Western Railway: by means of the maker’s
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number—150—still upon the engine preserved at
Swindon, all doubt as to its history is removed, and
the fact that another engine was built for Russia, and
numbered 163, proves that the two engines were not
one and the same, as some persons have believed in
consequence of their bearing the same name. .

As some newspapers often profess to record very
extraordinary rates of speed, it may be advisable to
point out one possible cause of error. 'We should beware
of “ speed indicators ”” which take their motion from the
driving wheels of engines, as the Author, when the
train was running no more than 55 miles an hour, has
seen an indicator go up to 90 miles an hour, the
increase being simply due to the “slipping” of the
driving wheels.

The power of steam was known to Hero of Alexandria
about 200 B.c., or fully two thousand years ago, and a
book he then wrote treated of the expansive force of
steam, and described the cylinder, piston, slide-valve,
and common clack-valve. But although the power of
steam was known, no attempts appear to have been made
to turn it to useful and practical effect, even in station-
ary engines, until 2560 years ago.

In the year 1759, Dr. Robinson suggested to James
Watt the idea of steam carriages for running upon
common roads, and models were made. Cugnot, in
1769 and 1771, constructed steam carriages. Murdoch,
in 1784, followed by many others, also made “ models ”
and ‘ suggestions ”’ for working carriages by steam on
ordinary roads; but it was not until the year 1803
that the first tram-road or railway locomotive was con-
structed



CHAPTER 1.

EARLY LOCOMOTIVES USED UPON PRIVATE LINES
FOR THE CONVEYANCE OF GOODS AND MINERALS.

TreviTHICK is undoubtedly the ¢father of the
locomotive ” ; he employed high-pressure steam. He
found by experience that flat wheels had sufficient

Fig. 1.—The First Locomotive, 1803.

adhesion upon smooth rails, and he conveyed the ex-
haust steam from the cylinder to the chimney by
means of a pipe, which he turned upwards, and dis-
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covered, by observing the practical result, that the
blast of steam caused the fire to burn much better ; he
therefore called it the ¢ blast-pipe.” This engine ran
upon four wheels, 4 feet 6 inches diameter, the boiler
was 6 feet in length, and contained a return flue-tube,
the chimney being consequently at the same end as
the fire-door; the engine had one cylinder placed
horizontally, 8 inches diameter, the stroke being no
less than 4 feet 6 inches.

On the 24th February, 1804, it was tried upon the
Penydarran cast-iron plate-way or tram-road, and con-
veyed trucks containing ten tons of bar iron and about
seventy persons to Merthyr Tydvil, a distance of nine
miles. The engine worked satisfactorily from a
mechanical point of view, but commercially it was not
regarded as a success, being more expensive than horse
traction.

Trevithick does not appear to have followed up
the development of the locomotive, but left to
others the perfecting of those excellent principles
which he introduced and discovered; probably it
is on this account that he never has received the.
credit to which he was justly entitled for the con-
struction of the first locomotive which ever ran upon
rails,

During the early part of the year 1811, Mr. John
Blenkinsop, the proprietor of the Middleton Colliery,
near Leeds, decided to convey the coal over his tram-
road to that town by means of locomotive engines
instead of by horses, and gave an order to Matthew
Murray, an engineer, of Leeds, to commence the
construction of such an engine. Both Blenkinsop
and Murray were under the impression that suffi-
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cient adhesion could not be obtained between
smooth wheels and smooth rails; and considering the
gradients, loads required, and weight of their en-
gine, which was only intended to Le five tons, it is
probable that their impression was correct. Mr.
Blenkinsop, in April, 1811, took out a patent for
rack-rail and cogwheel driving-gear. The engine was
completed by Murray, and ran its first trip upon the
Middleton line in August, 1812, and at once com-
menced to convey coal daily from Middleton to the
wharf at Great Wilson and Kidacre Streets, Ieeds,
the distance being
about three-and-a- [
half miles. mi i tiee g

The engine was )
named ¢ Blenkin-
sop,” and ran upon
four supporting
wheels of 3 feet 6
inches diameter, but
they took no part in
the driving of the
engine. The boiler
contained a flue- : . z
tube, 20 inches in Fig. 2—“Blenk.mwp,’ 181"
diameter,  having
the fire-grate at one end and the chimney at the other.
Two cylinders were employed, 8 in. in diameter, the
stroke being 20 inches; the cylinders were placed
vertically half within the boiler.

The connecting-rods conveyed motion to cranks,
and by means of spur-wheels and gear communicated
motion to the main cog or driving-wheel; that wheel
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was placed outside the smooth or running part of the
rail, and engaged with the outside rack on the rail.
Murray placed the two cranks at right angles to each
other, thus insuring that one piston was exerting its
greatest power when the other was at the end of its
stroke. This engine, and others which followed, -
worked well for many years, and were also a complete
commercial success. The ¢ Blenkinsop” evaporated
eight cubic feet of water per hour, consumed 75 Ibs.
of coal per hour, and was capable of conveying 94
tons on the level at 3} miles an hour; its maximum
speed being found to be about 10 miles an hour with a
gross load of 20 tons.

Messrs. Chapman, in December, 1811, obtained a
patent for a method of working the locomotive
engine by means of a chain stretched along the whole
length of & tram-road, and secured at each end; this
chain was in connection with a grooved pulley upon
the engine, consequently when this pulley was put in
motion, the engine wound itself along the chain ;in
fact Chapman’s chain acted the same purpose as
Blenkinsop and Murray’s rack-rail. Chapman’s system
was tried upon the Hetton Colliery tram-road, near
Newcastle-on-Tyne, but in a very few weeks proved a
complete failure.

Mr. Blackett, of the Wylam Colliery, near Newcastle-
on-Tyne, encouraged by the fact that Blenkinsop’s
engine was a commercial success and conveyed coal
at a cheaper rate than horses, decided to make ex-
periments of his own in the same direction. Mr.
Blackett and his coal viewer, William Hedley, having
made themselves acquainted with the working of the
rack-rail system at Leeds, found that to adopt the
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Blenkinsop engine would require the Wylam line
to be relaid with rack-rails at very great cost. They
therefore turned their attention to Trevithick’s engine
of 1803 (Fig. 1), and ultimately Mr. Blackett remarked,
¢ If Trevithick obtained adhesion with smooth wheels
on smooth rails, T can.” To test the question,
Blackett and Hedley constructed a frame upon four
wheels provided with spur-gear and cranks to be
-worked by hand, and when this apparatus was tried
on the Wylam railway, October, 1812, it was found
that the smooth wheels gave the necessary adhesion.

Blackett at once gave orders to Hedley to place a
boiler upon this frame, and attach connecting-rods to
the hand-cranks; in fact to turn the test frame into
a locomotive. Hedley did so, and the new engine was
tried on the Wylam line, February, 1813, but it was
short of steam and proved a failure ; the reason being
that it was not provided with Trevithick’s blast-pipe.

In spite of this failure Mr. Blackett had great faith
in steam power, and instructed Hedley to pull off all
the top part of the engine, and construct a new boiler
and cylinders. The engine, as rebuilt, was completed
in May, 1813, and tried on the Wylam line. Ithada
wrought-iron boiler, with a return flue, the chimney
being placed at the same end as the fire-door (as in
Trevithick’s engine); it had two vertical cylinders, the
piston-rods being connected to beams, from which
motion was communicated to the four smooth driving
wheels by means of toothed-gear ; the exhaust steam
from the cylinders was discharged by two blast-pipes
into the chimney, and it was on account of the
« puffing > noise caused by these blast-pipes that the
engine wasnamed  Puffing Billy.” (Fig. 3).
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A second engine, similar in every respect to Fig. 3,
was at once built, and was named the *“ Wylam Dilly.”
Mr. Blackett therefore in 1813 had two locomotives
which were successful, so far as conveying coal
cheaper than horse-power, but he had by no means
arrived at the end of his troubles, as will be seen,
page 16.

Mr. Brunton, of the Butterley Ironworks, Derby-
shire, obtained a patent, in 1813, for a mode of
accomplishing the locomotion of an engine without
the aid of the adhesion of the wheels; it was, in
fact, a ‘steam horse,” having a pair of hind legs
actuated by steam cylinders. It is hardly neces-

Fig. 4.—¢* Brunton’s Engine,”’ 1813.

sary to say that the arrangement proved a complete
failure.

During the time that Blackett and Hedley were
engaged at Wylam, Lord Ravensworth and the partners
in the Killingworth Colliery, and their engine-wright,
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George Stephenson, were anxiously studying the
subject at Killingworth. Towards the close of the
year 1813 Stephenson designed his first engine, and
was at once entrusted by Lord Ravensworth and
partners with money to construct a locomotive for
their railway. The engine was built at the West
Moor workshops of the colliery, and after being under

g
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Fig. 5.—George Stephenson’s First Engine, 1814.

construction for about ten months, was placed upon
the Killingworth railway and tried for the first time
on 25th July, 1814, being named or generally known
as “ Blucher.” (Fig. 5.)

This engine ran upon four smooth wheels of 3 feet
diameter, placed at a distance of 5 feet apart between



STEPHENSON’S FIRST ENGINE. 13

centres. The boiler was 8 feet long, 34 inches dia-
meter, having a flue-tube passing through it, 20 inches
diameter. The cylinders were 8 inches diameter, 24
inches stroke, and placed vertically, half within the
boiler. The power of the two cylinders was com-
municated by cross beams and connecting-rods to
cranks on the spindles of spur-wheels, which spur-
wheels in turn actuated the large cog-wheels on the
engine-axles. The small central spur-wheel was
employed to maintain the cranks at right angles to
each other.

The engine *“ Blucher,” on the 27th of July, 1814,
conveyed a train of eight waggons of coal, weighing
30 tons, up a gradient of 1 in 450, at a speed
of four miles an hour, and afterwards continued in
daily work. This engine was not provided with
springs, and the cog-wheel gear becoming worn,
Stephenson was entrusted with money to comstruct
a second engine ; it was built in 1815, under the
protection of a patent granted to Stephenson and
Dodd, 28th February, 1815.

In this second engine of Stephenson’s the connecting-
rods were attached directly to crank-pins upon the
wheels, the exhaust steam was discharged into the chim-
ney by two blast-pipes,and the four wheels were coupled
together by rods. These coupling-rods, however, were
not placed upon the crank-pins outside the wheels,
but two double-cranked axles were employed having
the cranks at right angles to each other, the two coup-
ling-rods were therefore placed upon these inside
cranks, between the wheels. In consequence of one
of the crank-axles becoming bent, Stephenson aban-
doned the arrangement of inside coupling-rods, and
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adopted an endless chain passing over a toothed wheel
upon each axle.

GCALE OF FEET.

e ot

Fig. 6.—George Stephenson’s Killingworth Engine, 1816.
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George Stephenson constructed for the Killingworth
railway a third engine (Figs. 6 and 7), which was

Fig. 7.—End vicw, Stephenson’s Logine, 1316.

provided with steam springs, protected by the Losh
and Stephenson patent of September, 1816..
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in the illustration (Fig. 6) a portion of the boiler
side is supposed to be removed in order to show the
single fire-flue. The steam springs, chain system of
coupling the wheels, and the blast-pipe are all clearly
illustrated.

“Puffing Billy” (Fig. 38) and “ Wylam Dilly’
rested upon four wheels only, and their weight broke
the Wylam cast-iron plate rails to such an extent,
that it became necessary to carry half-a-dozen rails
upon each engine, to replace those which might break
on the journey. The owners of land in the district
complained of the noise caused by the: blast-pipes,
and took counsel’s opinion whether the lease of the
land for the colliery railway was not vitiated by the
noise of the exhaust steam from the chimney frighten-
ing the cattle grazing near the line.

To prevent the breaking of the rails Blackett and
Hedley placed their engines upon eight wheels, and
in order to pass round the curves they put the wheels
under two frames; in other words they placed each
of their engines upon two jfour-wheeled bogies! and
to overcome the blast-pipe difficulty they placed
a cylindrical reservoir “S°’’ between the cylinders
and the chimney, in order that the steam might
escape gradually and without noise by means of the
pipe “R.”

The first of these engines thus altered, or rebuilt, is
here illustrated as it was in 1815 (Fig. 8).

The - Wylam railway having been re-laid, the
engines were again returned to four-wheeled locomo-
tives in 1830.
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“Puffing Billy” remained at work upon the Wylam

Fig. 8.—¢ Puffing Billy,” as rebuilt 1815.

line till 1862, when it was removed to the South
¢
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Kensington Museum ; the “ Wylam Dilly” is still
preserved in the Edinburgh Museum.

The Duke of Portland, in 1817, ordered an engine
from George Stephenson, similar in every respect to
Fig. 6, for use upon his Kilmarnock and Troon tram-
road. The engine worked the coal traffic from the
collieries to the Troon harbour successfully, but its
use was afterwards given up, as the cast-iron tram-
plates proved too weak to carry any engine.

The owners of Hetton Colliery, near Sunderland,
having seen the satisfactory working of Stephenson’s
locomotives upon the Killingworth line, decided, in
1819, to alter their old ‘“horse tram-road’’ into a
locomotive railway, and they employed George Stephen-
son as engineer, to lay out the line for them, and to
construct the engines. At the opening of the Hetton
railway on the 18th November, 1822, there were five
of Stephenson’s engines at work thereon, similar in
design to Fig. 6.



CHAPTER 1I.

ENGINES EMPLOYED UPON PUBLIC RAILWAYS FOR
* THE CONVEYANCE OF PASSENGERS, GOODS, AND
MINERALS.

Taus far, it will be observed, locomotive engines had
simply been employed by private colliery owners for
conveyance of coal upon their own lines. The Stockton
" and Darlington ‘“Public Railway *’ scheme was there-
fore one of the important turning points in locomotive
history. George Stephenson was appointed engineer,
and application was made to Parliament in 1818. Twice
the bill was rejected, but it passed in 1821, and on
Tuesday, 27th September, 1825, this, the first public
railway in the world, was opened for traffic. The
engine which drew the first train, and, in fact, the
only engine the company at that date possessed, was
constructed by Messrs. Stephenson & Co., for the Stock-
ton and Darlington line, in 1825, and was named
¢¢ Locomotion.” The handbill issued September, 1825,
announcing the intended opening of the first public
railway, proudly and emphatically describes ¢ Loco-
motion ”’ as “The Company’s Locomotive Engine and
the Engine’s Tender.”
This engine ran upon four wheels, had one large
flue, or tube, through the boiler, the cylinders being
placed vertically and half within the boiler; the
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exhaust steam from the cylinders was discharged inte
the chimney by two blast-pipes, one for each cylinder,
that ome for the left-hand side being plainly shown
in Fig. 9. The boiler, which was worked at a pressure
of 25 lbs. per square inch, is 10 feet long by 4 feet
diameter, and has 60 square feet of heating surface.
The two vertical cylinders are 10 -inches diameter,
and the stroke 24 inches ; the piston-rods being guided
by parallel motions, By means of a cross-head and
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Fig. 9.—Stockton and Darlington Railway. ¢ Locomotion,’’ No. 1,
1825.

pair of connecting-rods the piston of the front cylinder
is coupled to the crank-pins upon the leading wheels,
the other piston being similarly coupled to the trail-
ing wheels, while outside return cranks on the latter
wheels enable the two pairs of wheels to be coupled
with the main cranks at right angles. . The wheels are
4 feet diaxneter, and the weight of the engine in work-
ing order is 6 tons 10 cwts. It was built at a cost of
£600, and its speed was from six to eight miles an hour.
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The tender ran upon four wheels of 2 feet 6inches dia-
meter, the frame being of wood, upon which is mounted
a sheet-iron tank holding 240 gallons of water, the
coal space being 15 cwts. Weight of tender in work-
ing order 2} tons.

“ Locomotion ” worked upon the Stockton and Dar-
lington line from 27th September, 1825, to 1841, and
after its retirement from active service it was placed
upon & pedestal at the entrance to the North Road
Station, Darlington, and in April, 1892, it was removed
to Bank Top, Darlington. It is stillin good working
order, and capable of being put in steam. It headed the
Procession on the opening of the Middlesbrough and
Redcar Railway; it was taken from its pedestal and
worked upon the Darlington section of the North Eastern
Railway, at the Stockton and Darlington Jubilee, Sept-
ember of 1875 ; it was sent tothe Philadelphia Exhibition
of 1876, to the “ Stephenson Centenary " of 1881, the
Liverpool Exhibition of 1886, and it engaged very con-
siderable attention at the Paris Exhibition of 1889.

The following is a copy of the official list of the
early Stockton and Darlington locomotives, dated
1836 :—

No. Name of Engine. Date. Designed by Name of Builder.

1 Locomotion.... 1825 Stephenson & Co. Stephenson & Co.

2 Hope ........ 1826 » »

3 Blaok Diamond. ,, ’ »

4 Diligence...... v » '

5 Royal George®. 1827 T. Hackworth ., Rebuilt RlwayCo.’s
‘Works, Shildon.

6 Experiment.,.. 1826 Stephenson & Co. Stephenson & Co.

7 Rocket........ 1829 » vy

8 Victory ...... ,» T.Hackworth..,, Railway Co.’s
‘Works, Shildon.

* No. 6 was built by Messrs. Wilson & Co., 1826, and rebuilt by
the Company’s locomotive foreman, T. Haokworth, October, 1827,
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No. Name of Engino. Date Designed by Name of Builder.
9 Glove ........ 1880 T. Hackworth .. Stephenson & Co.
10 Planet.....eeo 1  Stephenson & Co. »

11 North Star cose 9. ”» . ”
12 Majestic ...... 1831 T. Hackworth .. Railway Co.’s
Works, Shildon.

12 Coronation ..., ” Ha.wt.hom & Co.
14 William IV..... " Railway Co.’s
‘Works, Shildon.
15 Northumbrian.. ,, ”» Railway Co.’s
Works, Shildon
16 Director....... 1832 » Stephenson & Co.
17 Lord Brougham ,, » Railway Co.’s
Works, Shildon.,
18 Shildon.....eee o ” Railway Co.’s
: ‘Works, Shildon.
19 Darlington.... ,, » Hawthorn & Co.
20 Adelaide..... e ” Stephenson & Co.
21 Earl Grey...... ’ ' Hawthorn & Co.
22 Lord Durham.. ,, » Stephenson & Co.
23 Wilberforce.... ,, ” Hawthorn & Co.
24 Magnet........ » Railway Co.’s
Works, Shildon.
26 Enterprise..... 1833 Kitching........ Kitching.

26 Swift.....0s... 1836 Hawthorn & Co.. Hawthorn & Co.

Following the opening of the Stockton and Darling-
ton Railway, Stephenson constructed for it three other
engines of similar design to ¢ Locomotion ;”” and Mr.
Timothy Hackworth became engine superintendent.

During the early part of the year 1826, Messrs.
Wilson & Co., of Newcastle, designed and constructed
an engine, No. 5, for the Stockton and Darlington
Railway, and as that firm considered outside coupling-
rods an objection, they placed their engine upon four
wheels, and employed four cylinders, two to each pair
Thus it had two pairs of independent driving-wheels.

Messrs. Stephenson & Co., early in the year 1826,
designed and built ““Experiment,” No. 6 (Fig. 10),
for tke Stockton and Darlington line; it had out-
side inclined ecylinders, 9 inches diameter; stroke
24 inches; wheels 4 feet diameter, boiler 10 feet
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long by 4 feet diameter. The boiler contained two
fire-flue tubes, 18 inches diameter. The exhaust steam
was conveyed from the cylinders to the chimney by
two blast-pipes, one for each cylinder.

“Twin Sisters” (Fig. 11) was built by Stephenson &
Co., in 1827, as a contractor’s locomotive at the making
of the Liverpool and Manchester Railway, and as it
was required to work over very severe temporary

P o

Fig. 10.—*¢ Experiment,”  Stockton and Darlington Railv;dy,
No. 6, 1826.
gradients it was considered best to construct it with
twin boilers, in order to insure that water should at all
times cover the tops of the fire-boxes.

This engine ran upon six coupled wheels of 4 feet
diameter, the cylinders being placed outside, in an
inclined position ; two blast-pipes were employed, one
for each cylinder. After the completion of the Liver-
pool and Manchester Railway, “Twin Sisters ” became
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known as the ‘ Liverpool Coke Engine,” from the
fact that it was employed to work trains of coke
to that city for Mr. Hulton, who contracted to sup-

ply the railway com-
pany with locomotive
fuel.

The four-cylinder
engine, No. 5, for the
Stockton and Darling-
ton Railway (men-
tioned on page 22),
having worked very
unsatisfactorily, and
also having been very
seriously damaged in
a collision at Stock-

Fig. 11,—* Twin Sisters,”’ Ballast

Engine, 1827.

ton, Timothy Hackworth, in 1827, obtained the autho-
rity of the directors to remodel and rebuild it. The
boiler was 13 feet long, and 4 feet diameter, and

Fig. 12.—‘“ Royal George.”
Rebuilt, 1827.

commenced work October, 1827.

into this Hackworth
introduced a return flue-
tube, similar to those
previously employed by
Trevithick and by Hed-
ley.

The engine thus re-
built at the Company’s
Shildon Works was
named the “Royal
George,” No. 5, and
(Fig. 12.)

The ‘Royal George” had six coupled wheels of
4 feet diameter, outside vertical cylinders 11 inches




“ LANCASHIRE WITCH ”’ 25

diameter, the stroke being 20 inches. The fire-door
and chimney were both at the same end, consequently
two tenders were provided, one at each end of the
engine; the exhaust steam was discharged into the
chimney by one blast-pipe for both cylinders.

The maximum performance of the * Royal George "
was drawing 32 waggons of coal weighing 130 tons
at five miles an hour on the level and nine miles an

hour on falling gra-
dients. Weight of en-
gine and its two ten-
ders in working order,
15 tons. The “Royal
George” worked
regularly upon the
Stockton and Darling-
ton line from 1827 to
1842,

Stephenson & Co.
in 1828 constructed a
Fig. 13.—“Zancashiro Witch, " Balton 1007-Wheeled coupled
and Ieigh Railway, 1828. engine named the
¢ Lancashire Witch,”

for the Bolton and Leigh Ruilway. (Fig. 13.)

Cylinders.. .. .. .. .. .. .. .. 9in.diameter.
Stroke O % .

Diameter of wheels . R 3 (3

Boiler .. . e ve ee oo .. 9ft.long.

Boiler .. 4 ft. diameter.

The boiler contained two firo-tubes or flues 1 ft. 6 in. diameter.
Heating surface of flues .. .. 66 sq. feet.

Four-wheeled tender.

The “ Lancashire Witch” was employed first as a
ballast engine at the construction of the Bolton and
Leigb line, and it was found by experiment that this
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engine conveyed 53 tons up a'gradient of 1 in 432 at

aspeed of 8-% miles an hour ; it afterwards continued to
work traffic for several years.

Fig. 14.—The First Locomotive for America, 1828.
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Early in the year 1828 the Delaware and Hudson
Canal Company, having heard of the success of the
Stockton and Darlington Railway, sent over Mr. Horatio
Allen to England with instructions to obtain infor-
mation and purchase rails and four locomotives. He
gave an order to Messrs. Foster, Rastrick & Co.,
of Stourbridge, for three, also to Mr. Stephenson for
one.

Stephenson’s engine was named ““ America” ; it was
built in 1828, and arrived in New York, on board
the ship “Columbia,” about the middle of January,
1829. It was the first railroad locomotive ever seen
in America, and is here illustrated. (Fig. 14.)

The following is the copy of the official description
of locomotive engine “ America,” built by R. Stephen-
son & Co. for the Delaware and Hudson Canal Com-
pany, to the order of Mr. Horatio Allen, 1828, and
No. 12 in the books of the makers :—

Ft. Ins.

Diameter of boiler . o+ « . 4 1
Len, 3y . « . . . 9 6
Dimensions of fireplace . . 4ft. 0in.by 3 0
Diameter of steam oylinders . . . 09
Length of stroke . . . 2 0
8ize of chimney . . . . . 18
Size of hot-water pump . . . « . 0 1}

of pump stroke . . . . . 2 0
‘Wheels (wood) diameter . . . . 4 0
Number of wheels 4
Angle of cylinders to the horizontal 33°
8Size of tubes . 17

Number of fire tubes 2. Tubes were strt;.ight.'

BSome persons have contended that the iron-bar-
framing in general use in the United States was an
American invention, but reference to the illustration,
Fig 14, proves conclusively that the *bar-frame”
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was sent from this country. Although Stephenson’s
engine was the first to arrive, it was not the first to be
run.

Messrs. Foster & Rastrick’s engine, the ¢ Stour-
bridge Lion”’ was built 1828, and arrived in New
York May, 1829, but neither of the engines for
America could be put to work for some months as the
railway was not completed. Messrs. Foster & Rastrick’s
engine, the “Stourbridge Lion,” was the first locomo-
tive which ever ran upon rails in America; it was
tried for the first time on 9th August, 1829, being
driven by Horatio Allen upon a section of the Delaware
and Hudson Canal Company’s Railroad. The * Stour-
bridge Lion ” was exactly similar to Fig. 15, but with
a much shorter chimney. It is still preserved, and
was exhibited at the Chicago Railway Exposition of
1884.

Messrs. Foster, Rastrick & Co. in 1829 constructed an
engine (Fig. 15) for the Shutt End Railway, which
extends from the Earl of Dudley’s Colliery at Kings-
winford, to the Staffordshire and Worcestershire Canal ;
this locomotive was named “ Agenoria,” and opened the
line on Tuesday, June 2nd, 1829.

This engine has upright cylinders working half
beams, thus reducing the stroke of the pistons to the
cranks. The cylinders are 7} inches diameter, with a
stroke of 3 feet. There is a parallel motion to the
piston-rod, and the feed-pump is worked from ome of
the half beams. The fire-grate is within a large tubular
boiler, branching into two tubes, with the chimney at
the end of the boiler, the barrel of the boiler being 10
feet long and 4 feet diameter. The eccentrics for
driving the slide-valves are loose upon the axle, with a
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clutch to drive either way, and there is hand-gear to
the valves to cause the axle to turn half round to bring
the required backward or forward clutch into action.
The exhaust steam is discharged into the chimney,

Fig. 15.—* Agenoria,”’ Shutt End Railway, 1829.

which, it may be mentioned, is of unusual height.
“Agenoria” continued in regular work for fully 30
years, and is now preserved in the South Kensington
Museum.

The Liverpool and Manchester has been truly



30 DEVELOPMENT OF THE LOCOMOTIVE.

designated ‘“The Grand British Experimental Rail-
way.” George Stephenson was appointed engineer,
and the line was publicly opened 15th September,
1830.

Some time previously to the opening the question of
locomotive or fixed engines and ropes naturally came
before the directors, as it was necessary to arrange for
“ power ” to work the traffic; they therefore decided to
employ Messrs. Walker and Rastrick, engineers, to
make a tour of inspection to examine all the railways
then at work ; but, notwithstanding the reports, the
directors did not feel able to come to a decision, when
one of their number, Mr. Harrison, proposed ¢ that a
reward be publicly offered for the most likely mode of
effecting their object,” and it was resolved to offer a
prize of £500 for the best engine.

The trial took place on the Manchester side of
Rainhill Bridge, upon a level portion of the line, and
lasted from the 8th to the 14th October, 1829. Three
engines competed for the prize, namely :

The *“ Rocket”.. .. .. by G. and R. Stephenson.
The ¢ Novelty ”’ EETIRY by Braithwaite & Ericsson.

The ‘Sanspareil” ., .. by T. Hackworth.

Each locomotive was required to run ten trips over
the trial ground, equal to a journey of thirty-five miles,
at full speed, the average rate to be not less than ten
miles per hour. At the end of the first ten trips each
engine was to be got ready again, and to repeat the
test, the object being to prove that the engine would
be able to perform a journey from Liverpool to .Man-
chester and back.

The ‘Rocket” (Fig. 16) satisfactorily performex
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all the tests required by the judges, and the prize
was consequently awarded to Messrs. Stephenson.

Fig. 16.—“1?0;.ket,” Liverpool and Manchester Railway, 1829,

The dimensions of the ¢ Rocket ’ were as follows :—

Cyllnders, diameter,. .. .. .. 8in.

Cylinders, stroke .. .. .. .. lGé

Dnvmg-wheels, dlameter .

Boiler.. .. .. .. .. .. .. 6ft long

Boiler.. .. 3ft. 4in. diameter.

APressure of steam in the boiler .. 50 lbs. per sq. inch.

Fire-box .. .. .. .. .. .. 2ft. long inside.

Fire-box .. .. .. .. .. .. 38ft. broad inside.

Fire-box .. .. .. .. .. .. 3ft. deep iuside.

Tubes, number.. .. .. .. .. 2b.

Tubes, diameter .. .. .. .. 3in.

Tubes, heating surface .. .. .. 117-76 square feet.

Fire-box, heating surface .. .. 20  square feet.

Total .. .. .. 13775 square feet.

Area of fire-grate .. .. .. 6 square feet.

Weight of engine in working tnm 4 tons 6 cwts.

Weight of tender, loaded .. .. 3 tons4 cwts.
Total «. +. 17tons9 cwts.

The maximum speed attained by the “Rocket ” at the
Rainhill trials was 29 miles an hour. This engine
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although crude in appearance, possessed all those
essential features which are necessary to the success of
a locomotive—namely, the tubular boiler, direct gon-
nection between the piston and the crank-pin on the
driving-wheel, and blast-pipes in the chimney, there
being one pipe for each cylinder, as in the engine of
1815, and the  Locomotion * of 1825.

" So little progress had the locomotive engine made
in public favour, that even in the year 1829 the
directors of the Liverpool and Manchester Railway
were divided in opinion as to fixed engines and ropes,
horses and locomotives, and had not the locomotive
engine proved itself a success at Rainhill, the result
would have been the introduction of other means of
working that line. It will therefore be seen that
although George Stephenson was not, and of course
never claimed to be, the inventor of the locomotive, stil
he it was who in 1829, at Rainhill, settled the question
and made the locomotive a practical success, and there-
by led to the introduction of railways throughout the
world. It is hardly necessary to mention that the
celebrated “ Rocket” is preserved in the South Ken-
sington Museum, and it may be added that the
“ Rocket ” and “ Sanspareil ” have lately been placed
upon some of the old original Liverpool and Man-
chester rails of 1829 which have been presented to
that institution by the author for the purpose,
and the full-sized models of these engines at the
Chicago Exhibition stood upon similar old rails.

The “ Novelty,” constructed by Messrs. Braithwaite
and Ericsson, ran upon four wheels, and had & com-
bined vertical and horizontal boiler ; and bellows were
employed to force air through the fire. In this engine,
motion was communicated from the piston-rod o the
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wheels by means of a bell-crank. The * Novelty”’
broke down and failed at Rainhill.

Fig. 17.—The * Novelty,” 1829,

The ¢ Sanspareil ” was designed and constructed by

ey
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Timothy Hackworth, the engine superintendent of the
Stockton and Darlington line, for the Rainhill competi-
tion. It ran upon four coupled wheels of 4 feet 6inches
diameter. The boiler was 6 feet long, and 4 feet 2
inches diameter, containing a return flue-tube, the
chimney being placed at the same end of the engine
as the fire-door. The cylinders were 7 inches diameter,
and the stroke 18 inches, placed vertically one on each
eide of the boiler, immediately above one of the pairs of
wheels; the exhaust steam from the cylinders was
discharged into the chimney by a blast-pipe, similar to
that of Trevithick’s 1803.

‘When the “Sanspareil” was brought forward for
trial at Rainhill, the judges found that it did not com-
ply with the conditions issued, being of greater weight
than was to be allowed to be placed upon four wheels,
the engine therefore should have been upon six wheels.
Strictly speaking, it was considered that Hackworth’s
engine was therefore excluded from competing for the
prize, but the judges wisely decided to put the engine to
the same trial as the others. However, it broke down
and failed to obtain the prize. The * Sanspareil ”’
worked uponthe Bolton and Leigh Railway until 1844,
end is now placed in the South Kensington Museum.

Atthe conclusion of the Rainhill trials and the victory
of the “ Rocket,” Stephenson received orders to build
seven other engines, to be ready for the opening of the
Liverpool and Manchester Reilway. They were con-
structed during the year 1830, and were very similar
in design to the Rocket ; they were named ¢ Meteor,”
“Comet,” * Arrow,” “Dart,” “Pheenix,” “North Star,”
and ¢ Northumbrian ;” they all had cutside cylinders -
and the driving wheels in front.
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The Canterbury and Whitstable Railway was opened
on the 3rd May, 1830, the first train being worked by
the Company’s only locomotive, which had been built by
Stephenson & Co., and wasnamed “ Invicta.” (Fig.18.)

Cylinders .. .. ..
Stroke .. .. ..
Boiler barrel .. .. .
Boiler e ee e s
Pressure .. .. ..
Wheels .. ..
‘Wheel-base

10 ins, diameter.
18 ins.

+ .. 8ft. long.

« +. 31t 4ins. diam.

ee +o 40 1bs. per square inch.
ve oo 4ft. diameter.

4 ft. 7 in.

The boiler contained 25 tnbes, 3 ins. diameter.
The tender ran on four w

This ancient engine is
preserved by the South-
Eastern Railway Com-
pany at Ashford ; it was
sent to the Darlington
Jubilee, 1875, and to the
George Stephenson Cen-
tenary, 1881.

The Liverpool and
Manchester Railway was
opened on 15th Sep-
tember, 1830, upon which
occasion the Company’s
eight engines and trains,
and about 600 people,
started in a processwn

-

Fig. 18.—“Invicta,” Canterbury and Whit-
stable Railway, 1830. Makers’ No. 20.

from Liverpool in the following order :—

Name of Engine.
¢¢ Northumbrian ’
¢ Pheenix”’..

«North Star” ..

¥ Rocket” .. .. ..
“Dart” .. .. ..

Driven by
George Stephenson,
Robert Stephenson.
. R. Stephenson, Senr.
(brother of George).
.. Joseph Locke.
Thomas L. Gooch.
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Name of Engine. Driven by
“Comet” .. .. .. .. .. William Allcard.
“Arrow” .. .. .. .. .. Frederick Swanwick.
¢ Meteor” .. .. .. .. .. Anthony Harding.

Therefore the engine which opened the Liverpool and
Manchester  Railway
was the ¢Northum-
brian ” (Fig. 19).

The engine, it will

be observed, had a

smoke-box, and the

cylinders were placed

outside, nearly horizon-

tally, the driving-

wheels, as in the

L. & M. Ry., 1830. “Rocket’” and six
other engines named,

were placed in front. The “ Northumbrian’ had—

Cylinders .. .. .. .. .. .. 11ins. diameter.
Stroke .. e es ee ee .. l6ins.
Drmng-wheels e 4+ e+ e .. bft.diameter.
Total heating surface .. .. .. .. 411-75sq. ft.
Weight in working order .. .. .. 7tons6 owt.3 qrs.
‘Weight on driving wheels., .. .. 4tonsl qr.

On the opening day, when Mr. Huskisson was
knocked down and run over at Parkside by the
“Rocket,” he was conveyed by the * Northumbrian *’
to Eccles, 15 miles in 25 minutes, or 36 miles an hour.
On 16th September, 1830, when the regular traffic of
the line commenced, the ‘ Northumbrian ’ conveyed a
train of 130 passengers from Liverpool to Manchester
(Liverpool Road Station), a distance of 30 mlles, in an
hour and fifty minutes.

The following is a copy of the Company 8 oﬁicml list
of engines to the year 1834 :—
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Towards the close of the year 1829 Stephenson
completed the design for a new engine for the Liver-
pool and Manchester Railway, and it was placed upon
that line on the 4th October, 1830.

This engine—the “ Planet”’ (Fig. 20)—was a striking
improvement upon all Stephenson’s previous ones. The
cylinders were placed ‘‘ inside ”” under the smoke-box,

the driving-wheels were at the trailing end, and a
double-cranked axle was employed, similar to one of
those previously used for coupling the engine of 1815.
The bar-frame is here abandoned, and an oak-frame
employed, plated on both sides with iron : the framing
and the axle-boxes were outside the wheels.

Cylinders, 11 ins. diameter; Stroke, 16 ins.; Between centres of
cylinders, 2 ft. 6§ ins. Leading wheels, 3 ft. diameter.; Driving
wheels, 6ft. diameter.
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Boiler ., . .. .. .. .. 6ft. 6 ins.long.
Boiler .. .. .. .. .. .. 3ft diameter.
129 tubes.. .. .. .. .. .. 1§inches.
Heuting surface of tubes .. .. 37041 square feet.

” » firebox .. .. 37256 »

Total .. .. .. 407:66 »

Area of fire-grate . e oo 660
‘Weight in workmg trim .. .. 8tons 0 owts. 0 qrs.
On driving wheels., .. .. .. & ,, 2 , 2,

This engine had also the usual four-wheeled tender,
which weighed 4 tons fully loaded.

On the 23rd November, 1830, the “Planet >’ worked
a special train to convey voters from Manchester to
Liverpool for an election ; the official report states that
“the time of setting out was delayed, rendering it
necessary to use extraordinary despatch, in order to
convey the voters to Liverpool in time ”—the journey
was performed in 60 minutes, including a stop of two
minutes on the road for water.

From another official report it is found that between
16th September and 7th December, 1830, the Com-
pany’s engines conveyed 50,000 passengers, and ran a
distance of 28,620 miles, or 954 trips between Liver-
pool and Manchester and back.

The “Mercury” No. 11 (Fig. 21) was constructed
by Stephenson & Co., December, 1830 ; it was of the
“Planet” type, but with the improvement that the
frame was raised so as to be above the driving-axle.

Stephenson’s “ Planet” class of engine, as developed
in the “Mercury,” became the standard pattern of
English four-wheeled locomotives, and was copied in
America and other countries shortly afterwards. In
December, 1833, a small pair of trailing wheels was
- added,and “Mercury”’ became a six-wheeled locomotiv.
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During the year 1830 Mr. Edward Bury built an
outside cylinder engine *“ Dreadnought,” and Timothy
Hackworth placed the *“ Globe”” upon the Stockton and
Darlington Railway having an inside frame, inside
cylinders and four coupled wheels.

Fig. 21.—* Mercury,” No. 11, Liverpool and Manchester Railway,
December, 1830.

For the first few months after the opening of the
Liverpool and Manchester Railway, some mixed trains
of passengers and goods were run daily, drawn by the
“single” engines of the “Rocket” and * Planet”
classes ; but as the goods traffic gradually increased it
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became necessary to work goods trains, and Messrs. R.
Stephenson & Co., in January, 1831, placed upon the
line two goods engines which ‘“had been specially
. constructed and were described as of extraordinary
power; ” they were named * Samson,” No. 13 (Fig. 22),
and “ Goliath ” (No. 15).

It will be observed, that practically the ¢ Samson ”
and “ Goliath ” were a four-wheeled coupled develop-
ment of the “ Mercury ”’ (Fig.21), having cylinders 14
inches diameter,
16 inches stroke,
and coupled wheels
4 feet 6 inches
diameter.  Total
heating  surface
45710 square feet ;
weight of engine
in working order
10 tons.

The ‘ Samson,”
on 25th February,

1831, “accom- —— -
Li hed h Fig. 22.—¢Samson,” No. 13, Liverpool
pls the great “and Manchester Railway, January, 1831.

feat,” itis officially
recorded, of conveying a goods train of 164 tons (exclu-
sive of weight of engine and tender), from Liverpool
to Manchester in two hours and a half—the maximum
speed being 20 miles an hour, and the consumption
of coke was reduced to about a third of a pound per
ton per mile.

During the time the ‘“Samson’’ and ¢ Goliath ”
were under construction, another engine of the same
class was built by Stephenson for the Hudson and
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Mohawk Railway, U.S.A., named “ John Bull,” and it
was sent to America in 1831.

The Glasgow and Garnkirk Railway was opened in
1831, the first train being drawn by the Company’s
engine named * George Stephenson,” which had been
constructed at Newcastle, and was driven by Mr.
George Stephenson upon that occasion.

This engine had cylinders 11 by 16 inches ; coupled
wheels 4 feet 6 inches diameter; wheel base 4 feet 9
inches. Boiler pres-
sure 50 pounds per
square inch.

The directors of the
Monkland and Kirkin-
tilloch Railway (near
Glasgow), at the be-
ginning of the year
1831, instructed their
engineer, Mr. Dodds,
to make out a plan and
specification of two

Fig. Glasow ‘ George mk?:ﬁpm’; : locomotive  engines,
1831. able to drag 60 tons

gross weight at the
rate of four or five miles an hour. The engines were
built by Messrs. Murdoch and Aitken, Hill Street,
Glasgow, the first being tried on the line on May 10th,
1831, and the second on September 10th, 1831. An
official report issued to the shareholders stated that
the engines were satisfactory.
On January 4th, 1831, the Baltimore and Ohio Rail-
road Company offered 4,000 dols. premium for the best
American locomotive of 34 tons weight, which should
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draw 15 tons at 15 miles an hour on a level. The
boiler was to use as fuel anthracite coal ; it was to have
four wheels, coupled together, 4 feet between centres,
in order to pass around curves of 400 feet radius. The
steam pressure was not to exceed 100 lbs. to the square
inch above the atmosphere. The locomotives were to
be delivered for trial upon the road, on or before June
1st, 1831, and the sum of 3,500 dols. was to be paid for
the locomotive which should be adjudged to be best.

Three or four locomotives were entered for competi-
tion ; the prize was awarded to Messrs. Davis and
Gartner, of York (Pennsylvania), whose engine was
named the “ York.” The locomotive had a vertical-flue
boiler and vertical cylinders, with four coupled wheels,
30 inches in diameter. It was altered considerably
after being placed on the road.

‘The same firm afterwards built another locomotive,
named the ¢ Atlantic,” being the first of what was
known as the ¢ Grasshopper ”’ pattern, which was used
for many years on the Baltimore and Ohio Railroad,
and some of which engines were in use on that road as
recently as 1883, and a few continued in service for a
period of fifty years.

During the year 1831, the directors of the Leicester
and Swannington Railway gave an order to Messrs. R.
Stephenson & Co. for two locomotives. The first of
these was named “ Comet,” being No. 4 in the list of
the makers, and No. 1 in that of the railway company.
It was shipped by sea from Newcastle to Hull, thence by
canal to Leicester, where it was put upon the rails and
ran its first trip 5th May, 1832, and after doing some
preliminary ballasting, it worked the train, upon the
opening of the line, from West Bridge, Leicester, to
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Bagworth, driven by George Stephenson himself, as-
sisted by his son Robert, and the regular driver
Weatherburn.

The cylinders were 12 by 16 inches, the coupled
wheels 5 feet diameter, and the wheel-base 5 feet 3
inches ; total length of engine frame 16 feet.

The cylmders were placed low down, the piston-
rods passing under the leading axle, and the valves
were placed upon the tops of the cylinders.

Fig. 2¢.—¢“Comet,” No. 1, Leicester and Swannington Railway,
May, 1832.

The valve-gear consisted of a single eccentric for
each valve, loose upon the driving-axle, motion being
communicated by means of studs or “drivers.” These
“drivers” were fixed to the crank-axle by collars.
When the eccentrics were half-way between the
two collars, the axle turned without communicating
any movement to them, and the engine was out of
gear.

By means of a “treadle ” upon the foot-plate, the
engineman moved the eccentrics lengthways upon the
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axle, ¢ausing them to engage with either the forward
or backward ‘“stud ” at pleasure.

The starting or reversing of the engine was accom-
plished by the engine-driver opening the regulator,
and placing his foot upon the ¢ treadle ”’ in order to dis-
engage the eccentrics from the “ stud ;”’ another handle
enabled him to lift up the small ends of the eccentric-
rods, after which he took hold of the two valve levers
on the foot-plate, and by moving them backwards and
forwards admitted steam to the cylinders by the hand-
gear; when the engine was fairly started, he by
means of the treadle caused the eccentrics to engage
with the opposite “ stud” and it continued to actuate
the valves ; it therefore follows that the handles of the
reversing gear upon the foot-plate were constantly
moving backwards and forwards during the time the
engine was in motion.

The rod of the tender brake passed in a tube through
the water tank, and the handle could only be reached
by climbing upon the coke.

The chimney of the ¢ Comet,” when constructed,
was 13 feet in height from the rail level ; but it was
knocked down in the Glenfield Tunnel on the opening
day, and was afterwards reduced to 12 feet 6 inches.

The weight of the  Comet ” in working order was
9tons 9 cwts. 2 qrs,, and of the tender fully loaded
8} tons. In December, 1836, it was sold and sent to
be a ballast engine at the making of the London and
Birmingham Railway.

Full particulars relating to this engine are given in
the annexed copy (see folding plate) of the Company’s
locomotive list,-drawn up by Mr. John Nlcholson, the'
engme supenntendent in 1839, -

v,
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The second engine built by Messrs. Stephenson for
the Leicester and Swannington Railway was the

Fig. 256.—* Pheenix,” No. 2, Leicester and Swannington Railway, August, 1832.

¢“Phenix,” delivered “in steam ” at Leicester, 28th
August, 1832.

The springs of “ Phenix’ (Fig. 25) were of the
Grasshoppner Dattern: but the experiments made bv
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Mr. Cabry, the Company’s engine superintendent,
showed that they possessed no advantages, and that
pattern of spring was therefore not repeated.

In December, 1836, the ‘ Phenix” was sold and
sent to the Birmingham and Gloucester Railway Com-
pany, to be used as a ballast engine at the making of
that line. ' :

Towards the close of the year 1831, and during the
year 1832, several new engines were placed upon the
Stockton and Darlington Railway numbered from 12
to 23 (see list, pp. 21, 22). They had boilers with
either return-flues or return-tubes, and two tenders.
No. 23 is illustrated (Fig. 26).

The * Wilberforce,” No. 23, was designed by T.
Hackworth, and constructed by Messrs. R. & W.
Hawthorn for the Stockton and Darlington Railway,
1832. The chimney and fire-door were both at one
end of the engine, the cylinders were placed vertically,
and the connecting-rods attached to an intermediate
crank. The cylinders were 14§ inches diameter, the
stroke 16 inches in length, and the wheels 4 feet dia-

-meter.  With coal trains the engine burnt about
68lb. of coal per mile. The fire-basket, which did
duty for a head or tail lamp, is shown at the back of
the water-tender. ‘

Mr. Edward Bury, of Liverpool, who afterwards
became head of the well-known firm of Bury, Curtis,
and Kennedy, and ultimately the locomotive super-
intendent of the London and Birmingham- Railway,
was an engineer who took an important part in the
early history of the locomotive,and he introduced several
features which dcserve to be placed on record. Mr.
Bury became a locomotive huilder shortly after the

ananine of tha Tivermanl and Manchaester Rallwavw
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He approved of the “ bar-framing,” of a circular fire
box, with the top of the fire-box casing formed in
a large dome, and arranged the tubes in curved rows
instead of straight; he also built up the wheels, the
spokes being attached by screw bolts to the rim and the
boss. Mr. Bury was the leading and most powerful
advocate of the four-wheeled engine. He contended
that it was less costly than that on six wheels, that it
could be got into less space, was lighter and safer, as
in his opinion it adapted itself better to the rails. The
question of four versus six wheels engaged constant
attention between the years 1832 and 1854; the
competition was extremely severe, but ultimately Mr.
Bury’s “four-wheeled theory” was proved to be
erroneous.

His first four-wheeled, inside cylinder engine, was
commenced in January, 1831. It was named ¢ Liver-
pool ” (see p.200); after a trial trip in England it went
to America to the Petersburg Railroad, where, after-
wards, it was known or renamed * Spitfire.”

The Liverpool and Manchester Railway Company’s
list (see p. 37) shows thatin 1832 Mr. Bury built one
of his engines, the “Liver,” No. 26, for that line,
having cylinders 11 by 16 and 5 feet driving-wheels.

Messrs. Galloway, Bowman & Glasgow, in 1832,
constructed an engine for the Liverpool and Man-
chester Railway (Fig. 27); it ran upon four wheels of
5 feet diameter, coupled, and as the makers disapproved
of the usual “ cranked-axle,” they placed the cylinders
vertically in front of the smoke-box.

The engine was not successful, and after running
off the rails upon several occasions, was rebuilt with
inside cylinders and a cranksd-axle. ‘
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Fig. 28 illustrates an old locomotive engine, named
“Ironsides,” built for the Phlladelphla, Germantown,

and Norris-
town Railway
Company. It
is of interest,
being the first
railroad loco-
motive con-
structed by
Mr. Baldwin,
the founder of
thenow famous

“Baldwin

Fig. 27.— Caledonian,” No. 28, Liverpool and
Manchester Railway, 1832.

Locomotive Works,” Philadelphia, and it was com-
pleted and ran a trial trip on November 23rd, 1832.

4

—

Fig 28, —¢¢ Ironsides,” an American Engine, November, 1832.

It will be seen that the ‘“Ironsides’’ was a four-wheeled
engine modelled essentially on the English practice

E
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of that time, and was very similar to the ¢ Planet ”
and ‘“ Mercury ” class introduced upon the Liverpool
and Manchester Railway by George Stephenson, in

-

P .
. - --.5-‘.’/5-{'-1 - = - :‘-_-&-_9_..-_,‘____5'__401 - —_ =
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Fig. 29.—¢ San-)son,” No. 3, Leicester and Swannington Railway, 1st January, 1833.

.

’

.

1830; the cylinders being 9} inches diameter, 18
inches stroke, and the driving-wheels 4 feet 6 inches
diameter. ‘
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In August, 1832, Messrs. R. Stephenson & Co.
commenced the construction of two locomotives for
the Leicester and Swannington Railway. These had
cylinders 14 inches diameter, 18 inches stroke, and
four coupled wheels of 4 feet 6 inches diameter, the
wheel-base being 4 feet 9 inches, and the total length
of the frame 17 feet. The first of these engines was
named “Samson” (Fig. 29), and commenced work
at Leicester, on 1st January, 1833; the other,
“ Qoliath,” followed 20th March, 1833.

One of the first events in the history of the ‘‘ Sam-
son” was that it ran into a horse and cart crossing the
line at Thornton, the cart being loaded with butter
and eggs for. the Leicester market. The engine-
driver had but the usual ‘“horn,” and could not
attract attention. Mr. Ashlen Bagster, the manager
of the railway, went the same day to Alton Grange to
report the circumstance to Mr. George Stephenson,
who was one of the directors and the largest- share-
holder, After various ideas had been considered, Mr.
Bagster remarked: “Is it not possible to have a
whistle fitted on the engine which steam can blow ?”’
George Stephenson replied, «“ A very good thought, go
and have one made,” and such an appliance was at
once constructed by a local musical instrument maker.
It was put on in ten days, and tried in the presence
of the board of directors, who ordered other trumpets
to he made for the other engines which the company
possessed. The following illustration (Fig. 30) is a
copy of the official drawing. )

The accident at Thornton was therefore the origin of
the steam whistle, and the bell whistle, as we now have
it, is an improvement upon the trumpet. When new
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the “Samson” and ¢ Goliath ” had iron fire-boxes
and copper tubes. These tubes were found to wear
out very quickly, and the author has read corres-
pondence addressed by Mr. Cabry to the makers,
showing that within four months copper tubes were
bursting and delaying the trains, and during the

[Copy.]
“LEICESTER AND SWANNINGTON RAILWAY.

|
E
!

Height, 1 ft. 6 in. ; diam. of top, 6 in.

Engine Superintendent’s Office, Leicester.
(Signed) HENRY CABRY.
May, 1833.”

Fig. 30.—The Steam Trumpet.

summer of 1833 brass tubes were substituted in these
engines.

Dauring the year 1833 the portion of the Leicester
and Swannington Railway extending from the top of
the Swannington to the top of the Bagworth incline
~ was opened by the “ Samson ” (Fig. 29), driven upon
the occasion by Mr. Robert Stephenson.

It was very soon found in practice that the “ Samson ”
and its fellow engine “ Goliath,” having a long frame
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and short wheel base, caused considerable oscillation and
threatened serious damage to the permanent way. It
was therefore decided by the directors, acting upon the
advice of one of their number, Mr. George Stephenson,
to have a small pair of trailing wheels added behind
the fire-box in the position shown on the diagram.
The necessary pairs of wheels and axle-boxes were
sent from Newcastle to Leicester, where they were
attached by the company’s fitters, under the direction
of Mr. Cabry, engine superintendent.

Thus the Swannington Company’s “ Samson ” and
“Goliath,” in the early part of the year 1833, became
the first inside cylinder goods engines upon six wheels.
The flanges were also taken off the middle or driving-
wheels. The change from four to six wheeels in-
creased the wheel base to 9 feet 1 inch, and proved
so satisfactory that Mr. Greorge Stephenson, after riding
upon the ‘“Samson,” decided never to build another
four-wheeled engine, and he at once took steps to
add similar pairs of wheels to the goods engines he had
constructed for the Liverpool and Manchester Railway.

The South Carolina Railroad Company ordered an
engine from Messrs. Stephenson, and it was placed on
that line in 1833, named ‘Edgefield ” and No. 64 in
the books and records of the makers. It had cylinders
10 inches by 16 inches and four coupled wheels of
4 feet 6 inches diameter, its weight in working order
being only 6 tons 4 cwts. Some writers have ex-
pressed surprise that such a small engine should have
been built affer others of larger dimensions. It is
therefore necessary to record the fact that the rails
were not suitable to carry an engine of either greater
weight or longer wheel-base. Another engine built
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by the same makers in 1833, for the Hudson and
Mohawk Railroad Company, was named ¢ Brother
Jonathan ; 7’ it was also limited in size and weight.

Messrs. R. Stephenson & Co., in 1833, constructed
an engine for the Saratoga and Schenectady Railroad
of America ; it had a leading bogie, and a single pair
of driving-wheels placed behind the fire-box. The
“bogie” was found to work very satisfactorily upon
sharp curves, and has always been in use upon Ameri-
can passenger engines.

Mr. Roberts—of the firm of Messrs, Sharp, Roberts
& Co.,, now
Sharp, Stewart
& Co —in the
year 1833 de-
signed and
constructed an
engine for the
Liverpool and
Manchester
Railway (Fig. . « : ”» o Li
ay, R S Bt Yo, 0, Livep

The cylin-
ders were placed vertically over the leading wheels,
the motion of the cross-heads being communicated
to the crank-pins upon the driving-wheels by means
of connecting-rods and bell-cranks. The leading
wheels had outside, and the driving-wheels inside
bearings; the cylinders were 11 inches diameter, the
stroke 16 inches, and the driving-wheels & feet
diameter.

This engine had no eccentrics to actuate the valves,
a short lever on the bell-crank giving the throw by a
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long rod to rocking gear on the foot-plate. The valves
were tubular, without lap or lead. The pistons had not
the usual elastic packing rings, but were made nearly
frictionless by exactly fitting the vertical cylinders, and
having a white metal surface.

This engine was very unsteady when running, and

Fig. 32.—*The Earl of Airlie,”” No. 1, Dundee and Newtyle
Railway, 1833.

after running off the line it was rebuilt with the posi-
tion of the cylinder and bell-crank altered, and another
pair of wheels was afterwards added, but it proved a
complete failure.

Fig. 32 illustrates an interesting link in locomotive
history, showing us it does one of the first engines
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having a “bogie” ever used on a railway in this
country.

This engine was built by Messrs. Carmichael & Co.,
of Dundee, and commenced work upon the Dundee and
Newtyle Railway, September, 1833, and during the
same month “ The Lord Wharncliffe,”” No 2, was com-
pleted ; followed by ¢ The Trotter,” No. 3,.in March,
1834.

These three engines were in every respect similar,
and had a single pair of driving-wheels 4 feet 6 inches
in diameter, placed in front, and a four-wheeled bogie,

Fig. 33.—¢¢ Hercules,”’ Leicester and Swannington, Dec. 1833.

the cylinders being vertical, 11 inches in diameter, and
the stroke 18 inches. Weight of engine, in working
order, without tender, 9 tons 10 cwts.; cost of engine,
without tender, £700. Gauge of railway, 4 feet 6 inches.

Messrs. R. Stephenson & Co. delivered the ¢ Her-
cules” to the Leicester and Swannington Railway
Company, 17th December, 1833, being No. 36 in the
books of the makers, and No. 5 in those of the Com-
pany (Fig. 33) ; it had copper fire-box and brass tubes.

The cyclinders were 14 inches by 18 inches, the
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working pressure of steam being 55lbs. per square
inch, which was afterwards increased to 60lbs. When
built, this engine had a flange upon the driving-wheels;
this was, however, removed after it had been at work
about three months.

Experience having proved that six-wheeled goods
engines were superior to four-wheeled, Messrs.

Fig. 34.—* Patentee,”” No. 33, Liverpool and Manchester Railway,
January, 1834.

Stephenson determined to apply the same principle to
passenger engines, and constructed the ¢ Patentee”
for the Liverpool and Manchester Railway, upon the
model of the “Mercury ”’ (Fig. 21), but with an addi-
tional small pair of trailing wheels under the foot-
plate. This engine (Fig. 34) was named * Patentee,”
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on account of its being the first constructed by Stephen-
son under his patent of 1833, which provided that
six-wheeled engines should have no flanges upon the
middle pair of wheels, in order that they could easily
pass round curves.

The cylinders were 12 inches by 18 inches, and the
driving-wheels 5 feet diameter.

Special attention should be directed to this engine,
which became a standard pattern, and was very ex-
tensively copied in this country and all parts of the
world, and many of the modern passenger engines are
*“developments ”’ of the ¢ Patentee.”

The large increase in the coal traffic upon the
Leicester and Swannington Railway necessitated the
use of more powerful engines to convey the trains over
the rising gradients between the top of the Swanning-
ton incline and the top of the Bagworth incline. To
overcome the difficulty, Mr. Stephenson decided to
construct a new engine, having six coupled wheels; it
was delivered at Leicester 8th February, 1834 (Fig. 35).

The “ Atlas™ had cylinders 16 inches by 20 inches,and
weighed 17 tons, in working order, without the tender ;
it was, therefore, when built, the largest, heaviest, and
most powerful locomotive running ; its working was
therefore watched with considerable interest, as shown
by the reports which had to be sent weekly to the
directors, and to the makers, for several months, and
the copies we have seen in the railway company’s
books show that the ¢ Atlas” was ‘highly satis-
factory.” It was stationed at the Long Lane, now
Coalville, and worked for fully 25 years, becoming the
property of the Midland Railway Company when the
Swannington line was purchased. This engine was
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afterwards let on hire to colliery owners, and was
ultimately sold to a contractor, being finally broken up
after working for more than 40 years.

It was the first goods engine ever built combining
the six coupled wheels and inside cylinders—a pattern
since very generally employed. The boiler was flush-
topped, clothed with polished oak strips, bound round
with brass hoops ; a steam-trumpet was provided. The

Fig. 35.—* Atlas,”’ Leicester and Swannington- Railway, Feb. 1834.

wheels were 4 feet 6 inches diameter, the driving-
wheels without flanges. A long and most complete series
of experiments was carried out by Mr. Henry Cabry, the
company’s engine superintendent, to ascertain exactly
its performance, the result being that several other en-
gines of similar design were built for other railways.
The Leicester and Swannington list (see page 45)
shows that the first six engines for that line were built
by Stephenson & Co. However, in 1833 some of the
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directors desired to give a trial to Bury, Tayleur and
the Haigh Foundry Company, but Mr. Stephenson
being a director, they appear to have felt anxious to
know the opinion of their colleague. It was, therefore,
decided to write a private note on the subject, to which
George Stephenson wrote the well-known reply :—
“ Very well ; I have no objection, but put them to this
fair test; hang one of Bury’s engines on to one of mine,
back to back ; then let them go at it, and whichever
walks away with the other, that’s the engine.”

The order was given to Mr. Bury in 1833, who
personally assured the directors that ¢ whatever
Stephenson’s engine could do his could do,” and an
engine named the  Liverpool” was placed upon the
line during the year 1834 (Fig. 36).

The ¢ Liverpool” (Fig. 36) ran upon four wheels,
4 feet 6 inches diameter, the cylinders being 12 inches
diameter, and the stroke 20 inches. 'Weight of engine
in working order 10 tons, weight of tender loaded
4 tons 10 cwt.

A peculiar feature in this engine was that the two
eccentrics were placed upon the leading axle, and the
eccentric rods passed in two spaces or boxes through
the smoke-box to the valve-levers placed behind the
buffer beam ; it therefore followed that the admission
of steam to the cylinders for working the driving-
wheels was dependent upon the movement of the
leading wheels and coupling-rods; consequently any
failure of crank-pins or coupling-rods rendered the
engine useless, and the books of the company recorded
two or three such failures.

The engine was reversed by means of four handles,
two to work the valves by hand, one gab-handle to
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throw the small ends of the eccentric-rods into or out
of gear, and one to move the two eccentrics.

Fig. 36.—¢¢ Liverpool,” No. 7, Leicester and Swannington Railway, 1834,

A series of practical trials were made with a train
of waggons upon the Swannington Railway in the
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presence of the directors, when Mr. Bury was ulti-
mately obliged to admit that his engine (Fig. 36) was
not equal to taking the trains conveyed by Stephenson’s
«“Atlas” (Fig. 35).

In 1834, Messrs. Sharp, Roberts & Co. supplied
three engines exactly similar to the ‘Experiment ”
(see Fig. 31), for the opening of the Dublin and
Kingstown Railway, named “ Hibernia,” ‘“Manchester,”
and ‘ Britannia.”

None of these engines were found satisfactory, and
the firm abandoned the “bell-crank ”’ design.

Mr. George Forrester opened the Vauxhall foundry
at Liverpool in 1834, the first locomotive constructed
by the firm being the “ Swiftsure ” (Fig. 37).

This engine was the first ever constructed combining
outside horizontal cylinders and six wheels. The
connecting-rod, it will be observed, worked upon an
outside crank. The “Swiftsure” also was the first
locomotive ever built with four eccentrics.

This valve gear was Forrester’s patent, in which
each of the four eccentrics was furnished with a fork
or ¢ gab-end,” and placed vertically, as shown (Fig. 37.)

The chief dimensions of the ¢ Swiftsure” were
cylinders 11 by 18, driving-wheels 5 feet diameter,
total length of frame 17 feet.

In consequence of the extreme distance apart of the
cylinders, 7 feet 1 inch, and the unbalanced driving-
wheels, this and other similar engines oscillated to a very
serious and dangerous extent at even moderate speed.
They were generally known as ‘ Boxers,” and proved
a practical failure, as they could not be allowed to exert
their full power or speed, as they either left the line or
burst the rails.
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During the year 1834 Messrs. Forrester built three
four-wheeled engines for the Dublin and Kingstown
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Fig. 37.—** Swiftsure,’” No. 36, Liverpool and Manchester Railway, 1834.

Railway named ‘Dublin,” « Kingstown,” and ¢ Vaux-
ball ;” like the “Swiftsure,” they were very unsteady.
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Messrs. R. & W. Hawthorn & Co., of Newcastle,
designed and constructed in 1835 an engine for the
Newcastle and Carlisle Railway (Fig. 38).

—

Fig. 38.—¢‘ Comet,”” No 1, Newcastle and Carlisle Railway, 1835.

The ¢ Comet” (Fig. 38) conveyed one of the trains
of passengers at the opening of the first section of
the Newcastle and Carlisle Railway, March 9, 1835.
It had four coupled wheels 4 feet diameter, the cylinders
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were 12 inches diameter, and the stroke 16 inches; it
will be seen that they were placed low down under the
smoke-box, the piston-rod working under the leading
axle. The valves of the “Comet” were actuated by
Hawthorn’s gear.

Heating surface of fire-box .. .. .. 36 square feet.
Heating surface of tubes .. .. .. 237 square feet.

Total .. .. .. ..272

Pressure of steam 60 lbs. per square inch. The tender
ran upon four wheels and carried 680 gallons of water.
- The “Comet ” and several other engines of a similar
design worked with great efficiency for many years
upon the Newcastle and Carlisle Railway.

Another powerful locomotive being required for the
Leicester and Swannington Railway, an order was
given to Messrs. Tayleur & Co., of the Vulcan
Foundry, near Warrington. The engine (Fig. 39)
was delivered ¢ in steam,” at the West Bridge Station,
Leicester, on the 2nd April, 1835. It had cylinders
16 by 20, and six coupled wheels of 4 feet 6 inches dia-
meter, and was a very similar type to the ¢ Atlas” (Fig.
35). The valve gear was of the loose eccentric type,
described pages 44 and 45.

During the early part of the year 1836, Messrs.
Tayleur & Co. completed the Star” for the Liver-
pool and Manchester Railway, being the first of an
order of ten ‘‘short-stroked * passenger engines. The
cylinders were 14 inches diameter, only 12 inches stroke,
the driving-wheels being 5 feet diameter. It was found
in practice that the ‘short stroke” was not an ad-
vantage.

Messrs. R. Stephenson & Co. in 1836 constructed

F
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several passenger engines upon a similar design to
the “Patentee” (Fig. 34), but of larger size, one of
which is shown in section (Fig. 40).

It will be observed (Fig. 40) that the steam dome
was placed upon the fire-box casing, also that the
engine had four fixed eccentrics, and forked-ends to
the eccentric-rods ; the two ¢ forward ” or two * back-

Fig. 39.—¢“Vulcan,” No. 8,1181?5(‘,681’81‘ and Swannington Railway,
ward »’ forks were placed in or out of gear by one
reversing lever; the valves were still retained above
the cylinders.

The Newcastle and Carlisle Railway Company had
the greatest objection to heavy engines, and to the con-
centration of weight; Messrs. R. Stephenson & Co.
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Fig. 40.—R. Stephenson’s Standard Passenger Engine, 1836.
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therefore built the ¢ Atlas” (Fig. 41) for that line,
in 1836, having cylinders 14 by 18, and six coupled
wheels of 4 feet 6 inches diameter, the weight, how-
ever, in working order being only 11 tons 6} cwts.
The “Ajax” (Fig. 42) was built by the Haigh
Foundry Company, Wigan, and placed upon the
Leicester and Swannington Railway, October, 1837 ; it
had cylinders 14 by 18, and four coupled wheels 4
feet 6 inches diameter. The builders decided to em-
ploy tubes of 2} inches diameter instead of 1% inches,

Fig. 41.—¢¢ Atlas,”” Newecastle and Carlisle Railway, 1836.

which was the usual practice at that date. Length of
boiler between the tube plates 8 feet 8 inches. The
valves were actuated by the ‘ Haigh Foundry” gear,
having four eccentrics and forked-ends to the eccen-
tric-rods, the weight-bar shaft being placed above the
eccentric-rod.

Messrs. Hawthorn constructed the ¢ Swift,”” No. 26,
for the Stockton and Darlington Railway; it was a
four-wheeled engine with vertical cylinders, the con-
necting-rods working down to an intermediate shaft,
coupled at each side to the wheel crank-pins by coup-
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ling-rods. No. 27, for the same railway, was named
the “Arrow,” built by T. Hackworth in 1837, the
cylinders were no less than 22 inches diameter, and the
stroke only 9 inches. Neither of these engines was
successful, and the designs were abandoned.

The first portion of the London and Birmingham
Railway was opened July 20th, 1837, and the com-

Fig. 42.—¢¢ Ajax,” No. 9, Leicester and Swannington Railway, 1837.

pleted line September 17th, 1838. Mr. Edward Bury,
of Liverpool, on becoming locomotive superintendent
at Wolverton, unfortunately induced the directors to
accept his views in favour of four-wheeled engines.
The whole of that company’s locomotive stock (with
one exception) therefore had only four wheels. The
passenger engines had single driving-wheels, 5 feet 6
inches diameter, and the ‘“goods” had four coupled
wheels, some 4 feet 6 inches and others 5 feet dia-



70 DEVELOPMENT OF THE LOCOMOTIVE.

meter, the goods engines being of very similar con-
struction to the ¢ Liverpool,” illustrated (Fig. 36).
Soon after Messrs. Stephenson adopted.the engine

&\\-A/Z
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Fig. 43.—Sharp’s Standard Passenger Engine, 1837.

(Fig. 40) as their standard passenger locomotive.
Messrs. Sharp, Roberts & Co., of the Atlas Works,
Manchester, adopted the design shown (Fig. 43).
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During the year 1837 Sharp, Roberts & Co. placed
several of their standard engines upon the Grand
Junction Railway, named—

¢ Centaur” .. No. 12 ¢“Wizard”” .. No. 21

¢ Caliban”’ .. ,, 17 ¢ Bagilisk” ,, ,, 22
¢¢ Cerberus” ., ,. 18 ‘¢ Vizier ”’ e g0 23
¢ Doctor Dalton’’ ,, 19 “8irocco” ., , 24
¢« Eagle”’ e 9y 20 ‘“Harpy” .. , 25

All these had cylinders 12} X 18 and driving wheels
5 feet diameter, their weight when empty being 12
tons 5 cwts.

The design illustrated (Fig. 43) continued to be
Sharp’s standard pattern for nearly twenty years, and
many hundreds of engines were built—their size and
power of course increasing from 12} inch cylinders to
17 inches, and the driving wheels from 5 feet to 6 feet
6 inches ; and several engines of this old design were
at work till a very few years ago.

8o far it has only been necessary to refer to engines
running upon the ordinary 4 feet 8} inch gauge, that
being the only width employed in this country, with
the exception of a gauge of 4 feet 6 inches on a few
Scotch lines. However, Mr. Brunel, when laying out
the Great Western Railway, unfortunately decided to
adopt a broad gauge of 7 feet, and Parliament unwisely
permitted the introduction of various gauges.

The broad gauge, however, although practically
unnecessary and financially a failure, did more than
anything else to improve and develop the locomotive
engine, by creating the rivalry known as the ‘battle
of the gauges,” which lasted for fully fifteen years.
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submitted the same to the Locomotive Committee,
with the result that the following orders were given :—

To R. Stephenson & Co. . . .. 1 engine.
4» Charles Tayleur & Co. .. . .« 3 engines,
»» Mather, Dixon & Co. . . . 2,
»» Sharp, Roberts & Co. .. . . 8

Further orders were then given—

To Tay]t;lurF & Cgry o . . for 3 engines.
H 'oun mpany . . 2

,,:M er, Dixon & Co. ’,,, 3 ’,’,

,» Messrs. Hawthorn (Hamsons patent) .y 2

»» R. Stephenson & Co. . ’ lengme

The directors of the Great Western Railway ap-
pointed Mr. (afterwards Sir Daniel) Gooch as Loco-
motive Superintendent, and for years past it has been
supposed that ke designed the first engines. However,
the official drawings, details, and diagrams sent to the
Chicago Exhibition in 1893 conclusively prove that the
first engines designed by Mr. Gooch were not delivered
on the line till early in 1840. An original tabulated
statement drawn up in January, 1839, showing the
names of the Company’s engines to the close of the
year 1838, was also exhibited; and the details are
given on the folding plate annexed.

The first engine delivered on the line was the
“ North Star” (Fig. 44), constructed by R. Stephen-
son & Co., 1837. It was No. 1 in the books of the
railway company, and No. 150 in those of the makers.
As stated by Mr. Stephenson and Mr. Brunel in their
evidence before the Gauge Commission, this engine was
constructed for a railroad in America, upon a 6-feet
gauge. It was not, however, delivered, but was altered
for the Great Western Railway, upon which line it was
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placed in December, 1837, and ran its first trip on
1st January, 1838; it commenced daily work when the
first portion of the Great Western Railway was opened
to Maidenhead, on June 4th, 1838, continued at work
for thirty-two years, and ran a distance of 429,000
miles, and is still preserved at Swindon.

When the orders for the engines were given to the
makers, Mr. Brunel specially stipulated that a complete
set of drawings should be furnished to the company,
with each order, free of charge. The various makers
also retained duplicate copies for their own information,
and it is a most important circumstance that official
drawings of all the engines exist at the present day.
One complete set of the drawings was exhibited at
Chicago in 1893, and another set has been photo-
graphed and traced, and these copies are preserved at
the South Kensington Museum, and at the City Free
Library at Liverpool. No company has a more com-
plete record of its early engines than the Great Wes-
tern (see also under Chapter IX., page 217).

The Grand Junction Railway, opened 4th July, 1837,
formed a very important link, connecting the London
and Birmingham Railway, at Birmingham, with the
Liverpool and Manchester Railway at Newton Junction.
Mr. Locke, the company’s engineer, decided that all
the locomotives should run on six wheels. The pas-
senger engines were designed and ordered to have
driving wheels of 5 feet 6 inches diameter, but in view
of the larger wheels introduced by Messrs. Brunel and
Gooch, and the taunts of the advocates of the broad
gauge that the narrow gauge could not have large
wheels, it was decided that a few of those engines (the
construction of which had not proceeded too far) should
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be provided with 6-feet wheels, one of which is
trated (Fig. 45).

75

illus-

This locomotive was constructed by the Haigh

Foundry Company, and delivered September

& O]
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o

20th,

o _o uoo

Fig. 46.—Grand Junction Railway, 1838.

1838, and is interesting, showing as it does a
good specimen of narrow-gauge engine of that period.

Diameter of driving wheels . . 6 feet 0 inch.
Dumewrofam'ymgwheels 4 ,, 0 ,
Diameter of cylinders . (131-) 1 ., 1,
Length of stroke .. as) 1 ,, '
Number of tubes, 102
Diameter of tubes inside .. o, 2,
Heating surface of tabes .. .. 480 square feet.
Heating surface of fire-box .. . 58 square feet.
Total .. .. 538 square feet.

The valve gear consisted of the Haigh Foundry pat-
tern, having four fixed eccentrics. Engines of this class
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Fig. 46.—The * Hurricane,” 1838.
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THE LOCOMOTIVE.

worked with great efficiency
upon the Grand Junction
and other railways for many
years.

Mr. T. E. Harrison, in
December, 1836, designed,
and during 1837-8, Messrs.
Hawthorn construeted, two
locomotives for the Great
Western Railway. These
engines had the cylinders
and motion upon a séparate
frame and wheels from the
fire-box and boiler.

One of these named, the
“ Thunderer,”” had wheels
6 feet diameter, but geared
up, three to ome, in order
to be equal in effect to
a wheel 18 feet in dia-
meter.

The other, named ¢ Hur-
ricane,” had a pair of driv-
ing-wheels 10 feet diameter,
the largest ever made, illus-
trated (Fig. 46).

The boiler, fire-box, and
frame upon which they
were placed, also the tender,
were of the same dimen-
sions in each case. The
cylinders and stroke were
also similar. '
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The following are the dimensions of the “ Hurri-
cane. »
Diameter of driving wheels .. . oo 10 feet
Diameter of cylinders .. . . «s 16 inches
Length of stroke .. .. .. .. 20inches
The boiler contained 135 brass tubes. The fire-box
was of copper, and divided by a mid-feather.

Heating surface of tubes .. .. 616 square feet
Heating surfaoce of fire-box .. .« 108 square feet

Total .. ve 624 square feet

Weight of the six-wheeled engine 11 tons, of which
6 tons rested upon the 10-feet driving wheels. The
weight of the six-wheeled frame with the boiler and
fire-box was 12 tons.

The steam from the boiler to the cylinders was
conveyed by a jointed pipe and the exhaust steam was
returned to the chimney by a similar pipe. The
engine-driver stood upon the engine in front of the
driving axle, and the fireman behind the fire-box in
the usual way. Both of these extraordinary engines
proved failures, one great cause being that there wus so
little weight available for adhesion.

An examination of Fig. 46 shows that the “ Hurri-
cane” had a good sound framing, and there is every
reason to believe that if the boiler had been placed over
the driving axle, instead of on an independent frame,
the engine would have been considerably improved.

The Arbroath and Forfar Railway, when opened on
the 8rd January, 1839, had a gauge of 5 feet 6 inches,
and during the year 1838, Messrs. Stirling & Co., of
Dundee, designed and constructed three locomotives for
that line, named “Victoria” (Fig.47),* Britannia,” and
¢ Caledonia.”



78 DEVELOPMENT OF THE LOCOMOTIVE.

Messrs. Stirling, having visited the Liverpool and
Manchester Railway, and examined the * Swiftsure

Yig. 47.—¢ Victoria,” built by Stirhng & Co., 1838.

(Fig. 87), came to the conclusion that an outside frame
was unnecessary. The Arbroath and Forfar engines
were therefore the first to combine inside bearings,
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outside cylinders, and six wheels ; they had cylinders
12 by 18 ; driving-wheels 5 feet diameter. These
locomotives worked very satisfactorily for many years,
and until the line was leased to the Caledonian Com-
pany and the gauge altered to 4 feet 8} inches.

The Haigh Foundry Company, Wigan, constructed

Fig. 48.—* Heotor,” No. 10, Leicester and Swannington Railway,
September, 1839.

the * Hector ” (Fig. 48), for the Leicester and Swan-
nington Railway, and it commenced work upon that
line, September, 1839.

« Hector ” was a six-wheeled coupled goods engine,
having cylinders 16 inches by 20 inches, and wheels
4 feet 6 inches diameter. Total heating surface, 688
square feet.
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The valve gear was the « Haigh Foundry " pattern,
having four fixed eccentrics, and forked ends to the
eccentric-rods; the boiler was ‘“clothed ”’ with sheet iron
plate instead of with polished wood, which was the usual
practice at that time. The driving-wheels were without
flanges. This locomotive was constructed to work with
a steam pressure of 120 lbs. per square inch if necessary,
but for the first few years it was only worked with 80 to
90 Ibs. The urn-shaped vase upon the boiler contained
a “lock-up safety valve’” pressed to blow off at
91 Ibs.

The ¢ Hector,” was regarded as such a powerful
engine that invitations were issued to the locomotive
officials of the other companies to witness its perform-
ance between Coalville and Bagworth, and as a result
similar engines were ordered for the Manchester and
Leeds, North Midland, Great Western, and Liverpool
and Manchester Railways.

The first part of the Birmingham and Gloucester
Railway was opened 24th June, 1840 ; this line was
intended to form a portion of a great through-route
between the north and west of England; it was,
therefore, a very serious mistake on the part of the en-
gineer, Captain Moorsom, to have designed and con-
structed the great Lickey incline of 1 in 37 for a dis-
tance of over two miles, extending from Bromsgrove
to Blackwell, and it was an equal mistake to suppose
that English locomotive builders could not construct
an engine to ascend the incline. However, he ordered
eight locomotives from Norris & Co., of Philadelphia,
the first four to arrive being named ‘ England,”
¢ Philadelphia,” ¢ Columbia,” and * Atlantic.” These
engines had a four-wheeled leading bogie, a single
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pair of driving-whee:s placed in front of the fire-box,
and outside inclined cylinders.

Diameter of cylinders.. .. .. .. .. .. 10}ins,
Length of stroke .. .. e «s .o .. 18 ins.
Diameter of dnvmg-wheels e ee ..o 41t

Weight in working order .. .. .. 9 tons 111 cwts.

Their usual performance up the “Lickey’’ was 33
tons at 12 to 15 miles per hour, 594 tons at 10} miles,
or a maximum load of 53} tons at 84 miles.

One of these American engines having 11} cylinders
was lent for a few weeks for trial upon the Grand
Junction Railway, when it was ascertained that it con-
veyed loads of 100 to 120 tons on an incline of 1 in
330 at 14 to 22} miles per hour; or on an incline of 1
in 177 at 10 to 14 miles per hour. The mean of seven
journeys from Birmingham to Liverpool, with gross
loads of about 100 tons, showed a consumption of 50
Ibs. of coke per mile, and an evaporation of 4-27 lbs.
of water per pound of coke.

The American engines having worked with great
success upon the Lickey incline for a few weeks, Mr.
Edward Bury, of Wolverton, wrote to the directors ¢ to
declare that whatever American engines could do his
could do,” and sent the London and Birmingham
Company’s engine named ““Bury” to prove his asser-
tion.

Mr. Bury, himself driving, started from Bromsgrove,
‘and humorously called to Mr. Gwynn, who had come
with the American engines, to join him. “No,” he
replied, “it’s no use, you’ll soon come back again,”
and back again Mr. Bury and his engine came, having
stuck before getting half-way up the incline.

In consequence of the taunts which appeared in an
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American newspaper, that “the English could make
inclines, but had to come to America for engines to
work them,” Mr. J. E. McConnell, the locomotive
superintendent of the Birmingham and Gloucester
Railway, obtained the sanction of his directors to con-
struct a powerful tank engine at the Bromsgrove works,
and it commenced duty in 1845.

This engine had six coupled wheelsof 3 feet 9 inches
diameter, cylinders 18 inches diameter, a stroke of 26
inches, and a total weight of 30 tons loaded. This
engine worked successfully for a number of years.

Mr. Robert Stephenson’s attention was given, early ip
the year 1842, to the fact that the chimneys and smoke-
boxes were very quickly destroyed ; he therefore made
some experiments with North Midland Company’s en-
gines at Derby to ascertain the degree of heat which
was escaping. First he placed tin in small iron conical
cups and suspended them in the ¢ smoke box,” and it
was found to disappear quickly ; next, lead was tried in
the same manner, and was found to melt nearly as
easily; and, lastly, zinc was tried, which was soon
driven off in vapour, clearly indicating a temperature
of 773 degs. in the chimney, and showing that a great
waste was taking place. To overcome this evil, Mr.
Stephenson decided to lengthen the tubes of locomo-
tives from 9 ft. to 13 or 14 ft., but he found that to
obtain a patent for the invention he would have to
employ an unlimited term, as to fix a length would be
useless, as a few inches more or less would enable others
to evade the patent; he therefore adopted the name
“long boiler,” and placed all the axles under the barrel
or circular part of the boiler.

In the first of these *long-boiler” engines, the
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driving-wheels were placed between the fore and hind
carrying-wheels, the cylinders being kept forward to

Fig. 50.—North Midland Railway, No. 70, 184..

the outside of the smoke-box (Fig. 50). Several
engines of this design were built for the North Midland
Railway Company and other lines.
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Further experiments at Derby in 1843 proved that
the “long-boiler ”” was successful in reducing the heat
in the chimney to very little over 442 degs., as upon
placing tin in the smoke-box it was found just to melt
at the corners.

In 1844 Mr. Robert Stephenson decided to place
the four carrying-wheels in front and the driving-
wheels close in front of the fire-box; in 1846 he
added a pair of trailing wheels behind the fire-box,
thus converting his long-boiler engine into an eight-
wheeled locomotive.

In the year 1846 it was reported that at least 150
locomotives, according to this long-boiler pattern, were
in constant use in this country and on the continental
railways.

Valve-gear having loose eccentrics (described p. 45)
was found to be far from satisfactory, and many other
gears were tried—for instance, those of Carmichael,
Hawthorn, Haigh Foundry, Stephenson, Gray, Dodd
and others—but none of these fulfilled all that was
necessary. ‘The eccentric-rods in nearly all valve
gears, previously to 1842, were provided with ¢ forks ”
or “gabs,” which engaged with pins attached to the
arms of the valve rods. In practice these pins were
frequently broken off.

Stephenson’s valve-gear, generally known as “ fork
motion,” is illustrated in Fig. 561, and shows the form
of gear used by that firm between the years 1835 and
1842,

Mr. William Howe, who was a fitter in the employ
of R. Stephenson and Co., decided to place a curved
link between the ends of the forward and backward
eccentrie-rods to take the place of the forks. He
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made a pencil sketch and wooden model, which were
shown to Mr. Robert Stephenson, who, seeing its
merits, ordered it to be fitted
to all engines constructed at
his works. At that time
(August, 1842) two locomo-
tives were being built for
the North Midland Railway,
Nos. 70 and 71. No. 70 was
already fitted with ¢ fork mo-
tion,” but No. 71 was supplied
with Howe’s link motion (Fig.
52), and commenced to run on
September 10, 1842.

Some correspondents to
newspapers have expressed the
opinion that ¢the introduc-
tion of the ¢ link’ was not an
invention, but an improve-
ment.”” By whichever name
it be known, the fact remains
that Mr. Howe’s introduction
of the link at once removed all
the difficulties which had for
years caused trouble with the
“fork motion,” and it did far
more than this, by producing
a complete and simple means i
of cutting off steam for ex-
pansive working.

It has also been contended that *the merits of the
gear for ‘cutting off’ were probably not known at
first.”” Now, as a fact, the reversing lever rack of the

Fig. 62.—Howe’s Link Motion, 1842.
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first engine ever fitted with link motion had seven
notches on either side of the centre, and steam could
be cut off at various proportions of the stroke, from
4} inches to 17} inches. It is therefore perfectly
certain that the expansive working of the gear was
fully understood before the first engine left the
Newecastle works, for had it not been intended to work
expansively, “the seven notches on either side of the
centre” would have been wuseless. There is also
conclusive proof that the action of the gear was fully
understood by Mr. Howe, for he came himself to the
North Midland Railway with the engine No. 71 in
order to instruct the engine-driver how to work his
gear to the best advantage. Howe’s link motion was
at once adopted by nearly all locomotive builders, it
is in use in all parts of the world, and to this day
there is no valve gear to equal it. The ‘ link motion ”
is frequently spoken of as Stephenson’s, but this is an
error, as Howe was the inventor, and Mr. R. Stephenson
himself always spoke of it as Howe’s.

Mr. Alexander Allan (whose death only took place
in 1891) entered the service of the Grand Junction
Railway Company, February, 1840, and took charge
of that company’s locomotive establishment at Edge
Hill, Liverpool, under Mr. Buddicom, the chief

echanical engineer. From the copy of the official

it in the writer’s possession, it appears that, at the
ose of the year 1839, the Grand Junction Company
sessed 59 engines. These-all ran upon six wheels,
1d double frames and inside cylinders, 57 of them had

single ” driving-wheels, and two, ¢ Sirius,” No. 30,

id “ Gorgon,” No. 41, were the only ¢ goods >’ engines,

ey having the leading and driving-wheels coupled.
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Names and numbers of the Grand Junction Com-
pany’s engines, 1837 to 1840 :—

1. Saracen. 21. Wizard. 41. Gorgon.

2. Heola. 22. Basilisk, 42. Sunbeam.
3. Shark. 23. Vizier. 43. Vampire.
4. Hecate. 24. Sirocco. 44. Harlequin.
5. Falcon, 25. Harpy. 46. Sybil.

6. Stentor. 26. Alolus. 46. Medea.

7. Scorpion. 27. Merlin. 47. Vulture.
8. Wildfire. 28. Prometheus. 48. Oberon.
9. Alecto. 29. Alaric. 49. Columbine.
10. Dragon. 30. Sirius. 50. Hornet.
11. Zamiel. 31. Pegasus. 51. Torch.

12. Centaur. 32. Tamerlane. 62. Diomede.
13. Prospero. 33. Erebus. 53. Clio.

14. Witch. 34. Phosbus. 64. Medusa.
15. Phalaris. 35. Talisman, 66. Lucifer.
16. Lynx. 36. Thalaba. 56. Phantom.
17. Caliban. 37. Hawk. 57. Sultan.
18. QCerberus. 38. Camilla. 58, Syren.
19. Dr. Dalion. 39. Tartaras. 69. Vandal.
20. Eagle. 40. Jason. 60. Tantalus.

Upon taking charge, Mr. Allan found that three
engines, namely, ‘ Zolus,” 26, ¢ Tartarus,” 39, and
“Sunbeam,” 42, were in a very bad condition, having
broken crank-axles and defective framings; he there-
fore decided to rebuild them.

Mr. Allan’s experience as manager of Messrs.
Forrester's works had led him to become an advocate
of outside cylinder engines; he therefore converted
the three above-mentioned engines from inside cylinder
to outside ; the leading and trailing wheels had out-
side bearings as previously, but the driving-wheels had
the outside bearings removed, and the connecting-rod
placed direct upon a crank-pin upon the boss of the
wheel. The broken crank-axle was of course in each
case replaced by a straight axle.
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The first of these rebuilt engines, «“ Zolus,” was put
to work towards the close of the ycar 1840, ¢ Tartarus”
and “Sunbeam ” following in 1841. At this period
the Grand Junction Railway Company decided to build
locomotive works at Crewe, and to construct its own
engines. The Crewe works were opened early in the
year 1843, Mr. Allan taking charge thereof as super-
intendent, Mr. F. Trevithick being the company’s
chief mechanical engineer.

Mr. Allan designed and constructed the passenger
engines upon the model of the rebuilt ¢ Zolus,”
and employed driving-wheels of 6 feet 6 inches and
6 feet diameter, the cylinders placed outside, being
15 inches and the stroke 20 inches.

The goods engines (Fig. 53) were of a similar
design, but the driving and trailing wheels were 5 feet
diameter and coupled, the cylinders being outside and
15 x 20.

These two classes became generally known as the
“Crewe pattern,” and when, on July 16, 1846, the
Grand Junction, London and Birmingham, and
Manchester and Birmingham companies amalgamated
and became the London and North-Western Railway,
Mr. Allan continued to build his Crewe pattern for
the northern division of that railway. He was also
the inventor of the ¢ Allar straight link motion.”

The goods engines (Fig. 63) were 22 feet 5 inches
in length over buffers, and their weight in working
order 19} tons; they conveyed the goods and min-
eral traffic on the northern division of the London
and North-Western Railway for many years, and,
when superseded by Mr. Ramsbottom’s six-coupled
engines, they were converted into tank engines for
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branch passenger traffic, and some of them are at work
at the present day.

During the year 1843 the London and South-
Western Railway adopted outside cylinder engines of
similar design to those introduced upon the Grand Junc-
tion Railway at Crewe. The locomotive superintendent,
Mr. John V. Gooch, constructed some of these engines
with driving-wheels of 6 feet 6 inches, and others with

Fig. 53.—Mr. All:;n’s GE Engines, Crewe Work; 1843 to lé;{T

7 feet wheels, the largest then in use on the narrow
gauge. :

In December, 1845, a series of experiments was
conducted upon the Great Western Railway, between
London and Didcot, with an engine named * Ixion
having inside cylinders 152 inches diameter and 18
inches stroke; four carrying-wheels; driving-wheels,
7 feet diameter; grate, 13-4 feet; surface of fire-box, 97
feet ; tubes, 2 inches diameter, 131 in number, surface
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732 feet; total heating surface, 829 feet; weight,
empty, 22 tons; weight of tender, empty, 8 tons.
This engine attained a maximum speed of 62 miles
per hour with an average load of 76} tons, and an
average speed of 50 miles on a trip of 53 miles;
the coke consumed was at the rate of 35-3 lbs. per
mile, and water evaporated 2015 feet per hour.

Mr. T. R. Crampton took out a patent in 1843 for
an arrangement or position of locomotive wheels, in
which the small, or carrying-wheels, were placed in
front and the large driving-wheels at the trailing end,
behind the fire-box; the cylinders being outside. It
was claimed that this design solved the problem
of obtaining a large driving-wheel with a low centre
line of boiler. (The idea, however, was not quite
new, as in 1833 Mr. Baldwin, in America, constructed
several engines having the driving-wheels behind the
fire-box.)

During the year 1846 Messrs. Tulk and Ley con-
structed two engines at the Lowca works, White-
haven, from the designs of Mr. Crampton, for the
Namur and Liége Railway, and they were named
“ Namur” and “Liége.”

These engines ran upon six wheels, and had out-
side cylinders, 16 X 20, and a pair of 7 feet driving
wheels placed behind the fire-box.

In practice the performance of these two engines
was found to be equal to a load of 80 tons, exclusive
of engine and tender, at 51 miles per hour on a level ;
and 50 tons at 62 miles per hour on the level.

Before exportation the “ Namur >’ was tried experi-
mentally upon the London and North-Western Rail-
way, and attained a higher speed than any broad-
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gauge locomotive at that period; this result giving
the greatest satisfaction to the narrow-gauge advo-
cates.

In 1846 Messrs. Stephenson and Howe patented a
three-cylinder locomotive having two outside and one
inside cylinder in order  to counteract the alternate
lifting on the opposite side of the engine.”” Two of
these engines were constructed and tried experi-
mentally ; they worked satisfactorily. As is the case
with the three-cylinder locomotives in wuse at the
present day, these engines had three sets of motion to
be provided and maintained ; Lowever, when. new they
ran at a higher speed than the broad-gauge engines.

At this period the battle of the gauges was at its
height and the rivalry was most keen; the Royal
Commission had been appointéd July, 1845, to decide
between the ‘“broad’ and “narrow ” gauges.

During the years 1838 to 1845, Mr, Bury was
strongly urged by the narrow-gauge advocates to
build some larger engines for the London and Bir-
mingham Railway in order to compete with the Great
Western Railway. This, however, he firmly refused
to do, and was perfectly content to continue to place
the small four-wheeled engines on that line, and a list
now before us shows that even in August, 1845, the
company had 89 four-wheeled engines and one six-
wheeled ballast engine. There can be no question
that the broad gauge gained many friends, in London
especially, on account of Mr. Bury continuing to run
small four-wheeled engines to London. The advo-
cates of the broad gauge, of course, urged the public
to compare the large six-wheeled engines at Padding-
ton with the little four-wheelers at Euston. Thus it
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will be seen that Mr. Bury, although himself opposed
to the broad gauge, by his policy played into the hands
of the broad-gauge advocates ; indeed it was remarked
at the time that Mr. Bury did more harm to the narrow
gauge cause than any of its enemies.

The narrow-gauge engines were successfully main-
taining their position (upon every line but the London
and Birmingham), and proving that whatever could
be done upon the 7 feet gauge could be equally well
done on the 4 feet 8} inches gauge. It therefore
became necessary for the Great Western Company to
make some ¢ striking improvement’ in order to show
what could be obtained upon the broad gauge, and
Mr. (afterwards Sir Daniel) Gooch, the company’s
locomotive superintendent, accordingly designed and
constructed at the Swindon works a new and very
powerful class of express engine which he regarded as
the ¢ ultimatum » for the broad gauge.

The first of this class was named ‘¢ Great Western,”
built April, 1846, having then six wheels.

The engine (Fig. 54) has eight wheels—namely,
four leading-wheels arranged in a group (but not in a
bogie), a single pair of driving-wheels 8 feet diameter,
having no flanges, and a small trailing pair of wheels.
The oylinders 18 by 24, 300 tubes, and 1,767 square
feet of heating surface. The valve gear was the well-
known fixed link motion introduced by Mr. Gooch.

This splendid locomotive was highly successful, and
was found capable of evaporating 300 cubic feet of
water per hour, and it is a noteworthy fact that
engines of this class appear to be among the most
economical ever run, the consumption of coal being as
low as 2} Ibs. per horse-power per hour.
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This engine upon several occasions started from
Paddington and stopped at Didcot, 531 miles, in forty-
seven minutes, and obtained a maximum speed of 78
miles an hour. ‘

Twenty-nine locomotives were built between 1847
and 1855 of similar construction to that shown in
Fig. 54, except that they had not the dome over the

Fig. 54.—* Great Western,” 1846, showing the engine after it had
been converted from six to eight wheels, and as it ran until 1870.

fire-box. (See also the illustration given in Fig. 106,
p- 208.) ‘

Through the courtesy of Mr. William Dean, loco-
motive superintendent of the Great Western Railway,
the subjoined complete list of the thirty engines is
given (see next page), showing the miles run before
they were ‘rebuilt’” or replaced by entirely new
engines bearing the old names. One of those named
in the list—the ¢ Lord of the Isles,” built 1850—
was sent to the Exhibition of 1851, as well as to the
Edinburgh Exhibition of 1890, and to the Chicago
Exhibition of 1893.
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BROAD GAUGE ENGINES, ¢“GREAT WESTERN® CLASS.

N of Engin, B Date. Total.
ame e, uilder, mileage
Built. Condemned ° before

or rebuilt.  renewal.

Great Western ,, .. G.W.R. April 1846 Dec. 1870 370,687
IrnDuke .. .. .. o ,, 1847 Oct. 1871 607,412
Lightning .. .. .. » s April 1878 816,601
Great Britain .. .. , July , Ooct. 1880 408,644
Emperor.. .. .. .. ” Sept. ,, June 1873 690,225
Pasha .. .. .. .. 5 Nov. . 1876 613,038

Sultan .. .. .. .. ’» ” . Aug. ,, 727,300
Courier .. .. oo oo . June 1848 Nov. 1877 746,120
Tartar .. .. o0 . ' July ,» Aug. 1876 731,817

Dragon .. .. . .. 5 Aug. , Deoc 1872 670,767
Warlock.. .. .. .. ) 9 ’ June 1874 639,410
Wizard .. .. .0 .o ”» Sept. ,, Nov. 1876 711,908
Rougemont .. .. .. »” Oct. » Aug. 1879 772,401
Hirondelle .. .. .. , Dee. , May 1873 606,010
Tornado.. o oo oo ” March 1849 March 1881 688,000
SwalloW.. .. .. .. s June , Aug. 1871 569,232
Timour .. .. +¢ o ” Aug, ,, Nov. , 669,893
Prometheus .. .o o« ” March 1850 June 1870 538,025
Perseus .. .. ¢ o0 ” June ,,  Dec. 1880 722,458
Estafette .o o0 .. . Sept. ,, June 1870 504,544
Rover e ve  es  ee " 7} 1871 461,3“

” ”
Amazon .. .. .. .. ” March 18561 July 1877 729,840
Lord of the Isles (built
1850, commenced work
July, 1862).. .. .. ,, July 1852 July 1881 789,300
Alma .., .. .. ..Rothwell Nov. 1864 June 1872 444,600

Balaclava .. .. .. » Deo. ,» Nov. 1871 406,426
Inkermann .. ,. .. ” March 1855 Oct. 1877 650,220
Kertch .. .. .. .. ”» April ,, Dec. 1872 326,246
Crimes .. .o 0 & ” May » Sept. 1878 606,701
Eupatoria .. .. .. »» ” 99 Oct. ,, 618,276
Sebastopol .. .. ,. ’ July ,, ’ 1880 707,148

With the removal of the broad gauge on 23rd May,
1892, the whole of this type of engine necessarily
ceased work.
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“Mr. Bodmer, in 1845, built an engine for the
Brighton Railway, No. 7, having his system of patent
double pistons moving in opposite directions, but it
proved a failure and was rebuilt.

In 1846, Mr. Gray, Locomotive Superintendent of
the London and Brighton Railway, designed, and
Messrs. Hackworth & Co. constructed, engines for that
line having inside cylinders, an outside frame and
outside bearings for the leading and trailing wheels,

Fig. 55.—London, Brighton, and South Coast Railway. No. 53,
November, 1846. Designed by Mr. Gray and built by
Hackworth & Co.

but inside bearings only for the driving axle. These
engines are an important link in history, and prove
that Mr. Gray was in advance of Wilson’s “Jenny
Lind” type. _

During the time that the last (fifth) edition was
in the press, considerable discussion took place in-
the engineering papers relating to the rival claims of
Mr. Gray and of Messrs. Wilson and Fenton; and by
the courtesy of the editor of The Engineer, the

H
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illustration of Gray’s engine is given, Fig. 65, and it
is only necessary to compare this diagram with Fig.
108, in urder to see at a glance that the London,
Brighton, and South Coast Company’s engines by Mr.
Gray, Nos. 49 to 60 inclusive, were the forerunners of
Wilson’s engines, Nos. 61 to 70, which afterwards fol-’
lowed and are illustrated, Fig. 108.

In 1847, Messrs. E. B. Wilsou & Co., of Leeds
built the “Jenny Lind ” (Fig. 1(8), for the London
and Brighton Railway, having cylinders 15 by 20 and
wheels 6 feet diameter. Large numbers of these
engines were built for the Brighton, Midland and
other railways.

At the same date, 1847, Messrs. E. B. Wilson & Co.,
of Leeds, built a trial engine for Mr. Crampton, in
which he employed four large driving-wheels of 6 feet
6 inches diameter, placed at a distance of 16 feet
between centres. By means of outside coupling rods
motion was communicated from the intermediate shaft
to the four driving-wheels. This engine weighed 32
tons, or 8 tons upon each wheel, which proved too much
for the permanent way of that period. This engine
was tried by Mr. Crampton upon the Midland Railway,
and attained a speed of fully 75 miles an hour. It was
also tried ou other lines, but no railway company would
purchase it on account of its great weight. Another
engine of similar design was built, but much lighter.
It ran upon the York, Newcastle, and Berwick line for
some years. (See page 214.)

The success of the “Great Western” (Fig. 54)
at once caused the narrow-gauge lines to require
larger engines. The London and North-Western
Company gave orders to Messrs. Tulk and Ley for an
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engine, designed by Mr. Crampton ; it was placed on
the line in 1847, and named the* London ”; this
engine had cylinders 18 by 20, a single pair of 8 feet
driving-wheels and 1,629 square feet of heating sur-
face ; and it was claimed that with a light load she
attained a speed of fully 74 miles an hour. The
directors of the London and North-Western also gave
instructions for the construction, at Crewe works, of
three experimental engines :— |

The “ Courier,” designed by Mr. Crampton, having
a pair of 7-feet wheels placed behind the fire-box ;

The “ Velocipede,”’ designed by Mr. Alexander Allan,
the superintendent of the Crewe works, having a pair
_ of 7-feet wheels ; and

The “Cornwall,” by Mr. F. Trevithick, the chief
mechanical superintendent of the northern division ;
and they were all completed in 1847.

The “ Courier” was a very similar engine to the
“ Namur ”” and others of Mr. Crampton’s design. .

Mr. Allan, of Crewe, held the opinion that the
“Dbattle of the gauges” was an absurdity, and that it
was not wise to build engines simply to see what could
be done ; he therefore built the ¢ Velocipede ”
(Fig. 66).

This engine had oylinders 15 by 20 and 7 feet
wheels, and this class of engine proved highly suc-
cessful in daily working on the northern division of
the London and North-Western.

On the other hand Mr. F. Trevithick considered it
a matter of the most vital importance that the
“narrow gauge” should eclipse the performance of
the broad gauge; he therefore decided to have a
driving-wheel six inches larger than the “Great
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Western ” (Fig. 54). In order to obtuin a large
driving-wheel and a low centre of gravity, he adopted
the peculiar plan of placing the boiler under the driving
axle. The driving-wheel of the ¢ Cornwall” he
designed of 8 feet 6 inches diameter, that being the
largest size which had then, or has since, been tried
upon the ordinary 4 feet 8} inches gauge, the cylinders
being 17} inches diameter, and 24 inches stroke. The

Fig. 56.—¢ Velocipede.” (Northern Division), No. 187,
Crewe Works, Oct., 1847.

engine (Fig. 57) appears to have fully answered the
expectation of her designer, for upon her trial trip a
speed of fully 79 miles an hour was attained under
favourable circumstances, thus beating the ¢ Great
Western >’ by one mile per hour.

This locomotive engaged very considerable attention
at the Exhibition of 1851, but no engineer favoured
the position of the boiler, and about 1862—1863, Mr.
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John Ramsbottom constructed a new boiler and placed
it above the axle.

Fig. 58 illustrates this fine engine as thus altered,
and as it is running to-day.

The ¢ Cornwall ” is still working the 45 minute ”
expresses between Manchester and Liverpool, and carries
us back to the year 1847, or for a period of nearly
56 years. It has now the largest wheel in the world,
and it is stated that with a load equal to her power she

Fig. 58.—*¢ Cornwall,” London and North-Western Railway, 1863 to 1903

(Now, No. 3020.)

is capable of running at the highest pessible speed yet
attained.

The ¢« Cornwall . appears capable of several years’
more work, and, ultimately, when it rests from its
labours it is understood that it is to be preserved as a
relic of early locomotive construction.

Another large narrow-gauge engine intended to
surpass the ‘“Great Western” (Fig. 54) was designed
by Mr. T. R. Crampton, and built by Messrs. Bury,
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Curtis and Kennedy, of Liverpool, for the London and
North-Western Railway, 1848, and named the “Liver-
pool ” (Fig. 59), an engine generally considered as
the ““ ultimatum for the narrow gauge.”

The “ Liverpool ” had cylinders 18 inches diameter,
24 inches stroke; 292 tubes of 2.3 inches external
diameter and 8 of 1§ inch, 12 feet 6 inches long ; surface
of fire-box 154:434 feet; of grate 21} feet; of tubes
2136'117 feet; total heating surface 2,290 feet; two
driving-wheels 8 feet diameter; 6 carrying-wheels 4 feet

Fig. 59.—¢ Liverpool,” London and North-Western Railway, 1848.
(Southern Division, No. 245.)

diameter ; length between centres of extreme wheels
18 feet 6 inches; total length of engine 27 feet;
weight of engine, charged, 35 tons, or 12 tons on the
driving-wheels, 17 tons on the four leading wheels, and
6 tons on the two intermediate wheels; weight of tender
21 tons; total weight 56 tons. This engine conveyed
the express trains between London and Wolverton for
some time, and in one case took 40 carriages within
time, thus exceeding the combined duty of three
ordinary engines; and when tested for * speed ”’ with
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a light load, the late Mr. Crampton informed the writer
that it attained fully 79 miles an hour.

The permanent-way at that time was not strong
enough to carry such a large engine, its weight and
long rigid wheel-base therefore caused it to gradually
retire from active service.

Had the rail-joints been “fished,” and the four front
wheels placed in a bogie frame, this would have been
one of the most successful engines.

Messrs. Sharp Brothers, 1848-9, built ten passenger
engines for the Midland Railway, Nos. 60 to 69. The
first six of these had oylinders 16 X 20, and driving-
wheels 5 feet 6 inches diameter for the ordinary gauge.
The Midland Company, having purchased the Bristol
and Gloucester Company’s line, required some broad-
gauge engines to work thereon. Four of the engines
by Sharp were therefore built ‘“convertible” ; they
were, in fact, narrow-gauge locomotives having very
long axles, and the wheels were placed quite outside
the axle-boxes. The cylinders were 16 X 20, driving-
wheels 6 feet 6 inches. Some years later, when the
Midland Company removed the broad gauge between
Bristol and Gloucester, the axles were shortened and
the wheels placed between the double frames in the
ordinary way.

Shortly after the comstruction of the ¢ Liverpool ”
Mr. T. R. Crampton, in 1849, designed a locomotive
having inside cylinders but the driving-wheels fixed to
a straight axle. He employed a double-cranked shaft,
having also outside cranks and coupling-rod to com-
municate motion to the driving-wheels, which were
placed behind the fire-box. Eight of these engines
were ordered from Messrs. R. Stephenson and Co., and
placed upon the South-Eastern Railway, and one of



104 DEVELOPMENT OF THE LOCOMOTIVE,

these, the ¢ Folkestone,” was sent to the Exhibition
of 1851. Engines of this class took 44 tons at an
average speed of 66} miles an hour, and attained 73}
miles per hour upon a falling gradient of 1 in 264 ; they
were, however, not satisfactory, and were rebuilt with
driving-wheels upon the driving-shaft.

Mr. Ross Winans, in 1849, constructed a celebrated
engine at his Locomotive Works, Baltimore, for the
Baltimore and Ohio Railroad. It had a four-wheeled
leading bogie, a single pair of driving wheels 7 foet
diameter, and a trailing bogie; the cyclinders were
placed outside. This engine was named the ““ Charles
Carroll of Carrollton.” It worked satisfactorily and
ran at very high speed, but it proved too heavy for the
very light track over which it had to run.

The past few pages have shown that during the
“ battle of the gauges '’ several remarkable engines were
constructed simply to attain excessive speed, and to
show what could be done on this or that gauge ; some
of these which worked well experimentally were practi-
cally unsuitable for the ordinary traffic.

The folly of this policy having at last made itself
apparent, “ the battle of the gauges’ ended, and the
various locomotive builders settled down to the con-
struction of good useful engines, capable of working
the ordinary trains of that period. Each builder or
designer adopted a standard pattern of passenger
engine, and although they were very similar in general
design the special features of each were most marked ;
and even at the present day, no matter how much one
of these old engines has been rebuilt, the original
maker can be clearly determined by an examination of
those parts which were made a speciality.

Mr. J. E. McConnell, in 1844—5, designed and eon«
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structed at Bromsgrove some engines for the Birming-
ham and Gloucester Railway Company, in which he
employed inside frames and inside bearings only.
These small engines proved so satisfactory, that when
he became locomotive superintendent of the southern
division of the London and North-Western Railway,
he retained the same design and built a large number of
engines at Wolverton of the well-known ¢ Bloomer "’
type. Some of these had cylinders 16 X 22 and

—_—

Fig. 60.—* Bloomer,"” Class 1860, L. & N.W.R., Southern Division.

6 feet 6inches wheels—others similar to Fig. 60 had
7-feet wheels.

In November, 1852, Messrs. Fairbairn & Sons
constructed a still larger engine from Mr. McConnell’s
design, for the southern division of the London and
North-Western Railway, No. 300, having cylinders
18 x 24, and driving wheels 7 feet 6 inches, the
boiler being provided with his system of combust.on
chamber. This engine had double frames, and all the
axles had oufside axle-boxes, and weighed 31 tons.
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Mr. McConnell also employed his patent design of
boiler for the Wolverton goods engines, and placed
all the six-coupled wheels under the barrel of th
boiler. »

It will have been observed that locomotive engineers
for years had tried their utmost to obtain a large
driving-wheel and a low centre of gravity. Mr.
McConnell, however, disagreed most strongly with the
“low boiler” theory, and maintained that a high
boiler was no objection, and that engines having the
highest boilers could run with the greatest steadiuess.
At that time his opinion was simply laughed at, now
we see that he was correct, and only had the mis-
fortune to be about thirty years in advance of his time.

During the year 1853, the London and North-
Western Company employed Messrs. Woods and
Marshall to test the efficiency of the Crewe and
Wolverton engines (see Figs. 55 and 60), the result
being that both were continued. It was strange that
one company should continue to employ two locomotive
superintendents and construct such different patterns
of engines.
~ During the early part of the year 1852, Messrs.
R. Stephenson and Co. constructed six express engines
for the Midland Railway, having double frames, inside
cylinders 16 by 22, and driving-wheels 6 feet 6 inches ;
they were numbered 130 to 135 inclusive. One of
these remained in use till 1892, and in 1853 Messrs.
Sharp, Stewart & Co. built ten express engines for the
same line having cylinders 16 x 22, and a single pair
of 6 feet 6 inch driving-wheels, Nos. 120 to 129.

Mr. Archibald Sturrock, locomotive superintendent
of the Great Northern Railway, in 1853 designed, and
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Messrs. R. & W. Hawthorn built, a large express
engine for that line, No. 2156. This engine ran upon
eight wheels, four in a group, but not in a bogie, a
single pair of driving-wheels 7 feet 6 inches diameter,
and a pair of trailing wheels. The cylinders were
inside, 17 x 24, and the engine had double frames.
This engine appears to have been broken up about
1870, for at that date a new engine, No. 92, was built,
having the old 7 feet 6 inch wheels, cylinders, and
some other parts from old 215. No. 92 is still at work.
Mr. Pearson, the locomotive superintendent of the
Bristol and Exeter Railway, and a very strong
advocate of the broad gauge, ¢ could not rest to think
the narrow-gauge “ Cornwall”’ (Fig. 56) had the largest
wheél and attained the greatest speed.” He therefore
designed, and Messrs. Rothwell and Co., of the Union
Foundry, Bolton, constructed, a class of broad-gauge
tank engine in 1853 which ran upon 10 wheels,
namely, a leading bogie, a single pair of driving-
wheels 9 feet diameter, and a trailing bogie; the
cylinders were 16} X 24, the driving-wheels were
without flanges. The driving-axle was placed above
the framing. The boiler contained 180 tubes of 11§
inch diameter ; the total weight of the engine in work-
ing order was 42 tons. The author remembers that
" at a speed of about 60 miles an hour the engine was
remarkable for its very easy riding. American engi-
neers have always maintained that these double bogie
engines were a larger repetition of the Winans ¢ Car-
roll ” of 1849,

Mr. Pearson many years ago informed the writer
that his engines had been officially tested at 81
wiles an hour, and that the average consumption of
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coke over a distance of 100,000 miles was only 21§ lbs.
per mile.

In the year 1876 one of this class of engine ran off
the line at Long Ashton, after which the driving-
wheels were all reduced to eight feet and tenders were
added. A few of these celebrated engines as altered
were running until May, 1892.

In 1855 Mr. Gooch placed a new class of engine
upon the Great Western Railway which had been
constructed from his designs by Messrs. R. Stephenson ;
they were named ‘ Lalla Rookh,” ““ Ivanhoe,” *“ Robin
Hood,” “Rob Roy,” “ Waverley,” ¢ Cceur de Lion,”
“Pirate,” ¢ Abbot,” ‘“Red Gauntlet,’ and ¢ Anti-
quary.), .

These engines had inside frames only—four leadiny
wheels in a group and two pairs of 7 feet coupled
wheels. These were the largest driving-wheels ever
coupled at that time. Only ten of these engines were
built, and after running an average distance of about
500,000 miles each, it was not considered expedient to
rebuild them.

Between the years 1853 and 1860 very much atten-
tion was given to the subject of burning coal instead
of coke in locomotives. Messrs. Beattie, McConnell,
Cudworth, and others, constructed most complicated
fire-boxes and boilers having mid-feathers, combustion-
chambers, or special forms of ‘ grate.”

All these proved perfectly unnecessary, for it was
found by experiment on the Midland Railway that a
brick-arch placed in the ordinary fire-box below the
tubes; a deflector or baffle-plate within the door; a
fire-door by which the supply of cold air can be pro-
perly regulated, and a steam-jet or blower in the
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chimney, were all that were required to effectually
consume the smoke in a locomotive.

At this period of locomotive history reference must
be made to the works of a well-known engineer, who
in times past took, and who still takes, an important
part in the work. The Manchester and Birmingham
Railway (or, more correctly, the line from Manchester
to Crewe) had its locomotive department at Longsight,
near Manchester, and as far back as May, 1842, Mr.
John Ramsbottom was appointed as locomotive superin-
tendent of that company. Upon the amalgamation,
in 1846, he continued to hold the same position under
the name of district superintendent of the north-
eastern division of the London and North-Western
Railway ; and on August 1, 1857, we find him taking
charge, as locomotive superintendent, of the northern
division of the North-Western Railway, at Crewe
works, in succession to Mr. Trevithick.

In the autumn of 1858, Mr. Ramsbottom turned out
at the Crewe works a number of his new goods engines,
having inside frames and inside bearings only, inside
cylinders 17 inches by 24 inches, and six coupled
wheels of 5 feet diameter; and in the following year,
November, 1859, he placed his first express engine
(Fig. 61) upon the northern division ; it was named
“Problem,” and is still at work.

The ‘Problem” type, of which sixty were built
between the years 1859 and 1865, all of which are still
running, had cylinders 16 inches by 24 inches.

Diameter of driving-wheels (new) .. .. . Tt 74 ins.

Weight of engine in working order.. .. .. 27 tons.
‘Weight of tender in working order.. +s . 174 tons.

Total o oo o0 oo oo oo ‘4Titonl.
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“ Problem ’ was also the first engine in this country
fitted with Giffard’s injector for feeding the boiler.* An
engine of this class, named ““ The Luady of the Lake,”
was sent, when quite new, to the Exhibition of 1862,
and was awarded the bronze medal, which it still
carries. Mr. Ramsbottom also received a medal for
his system of troughs between the rails, by which
engines could, and do, pick up water when running.

Fig. 61.—*¢ Problem,”” London and North-Western Railway, Northern
Division, November, 1859.

This latter appliance proved of considerable value on
January 5th, 1862, when an exceptionally fine and
important run was made from Holyhead to Euston, the
occasion being when answers were brought to the
despatches sent by the English Government to
Washington, requiring the immediate surrender of
Messrs. Mason and Slidell, who had been taken off an
English ship, the Trenf. An engine of the “ Problem”

¢ For particulais as to the injector, see p. 192.
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type (Fig. 61), by means of the water-trough, ran
from Holyhead to Stafford, 130} miles, without
stopping, and .ocoupied only 145 minutes, and another
engine went forward to London; the whole distance,
264 miles, being performed in five hours, with only one
stop; and on certain favourable parts of the line several
miles were run at a rate of “just under, if not quite,
- 80 miles an hour.”

It is also a fact worthy of note that in the great
railway race of 1888, when it was required to run
through without stopping, at the highest speed, from
London to Orewe, the old engines of the * Problem”
type, namely, “ Waverley ” and ‘ Marmion,” ran the
racing trains. All the sixty engines of the class are
now from 27 to 33 years old, but with a light load in
proportion to their power they are at the present day
capable of running as fast as any locomotive now
at work on any railway in this country.

Mr. McConnell, at Wolverton, in 1861, constructed
three very large engines of the *“ Bloomer ” type, named
“Delamere,” ¢ Caithness,” and ‘ Maberley,” one of
which, No. 373, engaged much attention at the
Exhibition of 1862 ; their chief dimensions being,

Diameter of cylinders .. .. .. .. .. 18ins.
Length of stroke . ve ee 24 ins.
Diameter of driving-wheels (new) ve oo 1173 1ins.
Heating surface of fire-box .. .. .. 2425eq. ft.
Heating surface of tubes .. .. .. .. 980-3sq.ft
Total .. .. .. .. 12228 eq. ft.

The fire-box was constructed to burn coal, and had a
combustion chamber.
Working pressure of steam « .. 1801b.per
8 P! pél a m

Height of centre line of boiler above the ruh 7 ft
Weight upon driving-wheels .. .. ..
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Total weight of rking ord ity

otal w [ ongmo in wor order.. .. 1

Waeight of tender loaded . o e 260
Total e ee 09 14

From these details it wxll be seen that these three
engines were very fine specimens, and that Mr.
McConnell successfully solved the problem of large
wheels, large inside cylinders, high steam pressure,
and high boiler. He proved that a high boiler was
no objection, and that engines having the highest boilers
can run with the greatest steadiness; he also proved,
in 1861, that with a light load these engines could under
very favourable vircumstances run * within a fraction of
80 miles an hour.”” Towards the close of the year 1861
Mr. McConnell resigned, and Wolverton was closed as
a locomotive building establishment, Mr. Ramsbottom,
of Crewe, in the early part of the year 1862, being
appointed locomotive superintendent of the whole line.

Messrs. Neilson & Co. constructed an express loco-
motive (Fig. 62) to send to the Exhibition of 1862 ;
it was in every respect similar to those previously con-
structed by the Caledonian Railway Company ; it had
double frames, outside cylinders, and a single pair of
8ft.-2in. wheels, and was, in fact, a larger edition of the
Grand Junction Company’s locomotives, as constructed
at Crewe works in 1843 by Mr. Allan.

Diameter of oylinders .. .. .. .. 17}ins.
Length of stroke .. ve ee s 24ins.
Diameter of dnvmg-wheela ve ee eo 81t 2ins.
Total heating surface .. .. .. .. 1,1726q. ft.
Weight on driving-wheels .. .. . 14 tons 11 cwt.

This locomotive was purchaled by the late Pacha
of Egypt, who required an engine “to take him at an
average speed of 70 miles an hour.” This engine, by
Neilson, also those built by Mr. Benjamin Connor, were
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officially tested at 80 miles an hour, and some still
remain in use on the Caledonian at the present time.
They are good engines, but the existing loads and the
Beattock incline have necessitated their removal from
main line expresses.

Messrs. Stephenson & Co., in 1862, constructed a
large passenger engine named ¢ Saltburn” for the
Stockton and Darlington Railway, having a leading
bogie, four coupled wheels of 7 ft. diameter, the

Fig. 62.—Express Engine, built by Neilson, 1862.

cylinders placed outside being 17 x 24; in this engine
a small auxiliary tank was placed under the foot plate
for heating the feed water by means of steam from
the boiler.

About the year 1863 Mr. Sturrock introduced
“steam tenders’’ upon the Great Northern Railway
for the goods engines. These tenders had outside
frames, six coupled wheels, and inside cylinders, steam
being supplied from the engine boiler. The tender
thus converted by Mr. Sturrock became practically a

I
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second engine, having a water-tank in the place of a
boiler. The cylinders were 12 inches diameter and 17
inches stroke, the cranked-axle being the middle one.
The exhaust steam from the cylinders was discharged
into a tubular condenser and heated the water in the
tender tank. The weight of the tender empty was
18 tons, and loaded, 28 tons.

The steam tenders undoubtedly conveyed very heavy
trains of coal, as the author saw when riding on one
between Hitchin and London ; and the Great Northern
Company had about fifty in use, but they did not do
the extra amount of work to pay for their cost, and
practically they proved a great failure. Many of the
tenders without the steam apparatus are still in use.

Mr. Matthew Kirtley, locomotive superintendent of
the Midland Railway, in the early part of the year
1861 built several powerful tank engines to assist
trains up the Lickey incline ; these had double frames,
six coupled wheels of 4 ft. diameter, and ecylinders
1€4 x 24. They are still at work but renumbered.

Mr. Kirtley also, early in 1862, designed und con-
structed at Derby six powerful express engines to
convey the anticipated heavy traffic to the exhibition of
that year. These engines ran upon six wheels, the
driving and trailing wheels being 6 feet 2 inches
diameter, and coupled, the cylinders were 16} inches
diameter, 24-inch stroke, and the steam pressure
140 lbs. per square inch ; they were numbered 80 to 85
inclusive. On one occasion the writer rode from
Leicester to King’s Cross, London, upon one of these
engines, when it drew 10 coaches, and on the return
journey, with a much lighter load, a speed of 72
miles an hour was attained upon a falling gradient.
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" Previously to this date four-wheeled coupled engines

Fig. 63.—Kirtley’s Express Engine, Midland Railway Company, 1864—5.

had been considered unsuitable for passenger traffic and

high speed.
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In 1864, Mr. Matthew Kirtley, the Midland Com-
pany’s locomotive superintendent, decided to construct

-
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Fig. 64.—Kirtley’s Goods Engine, Midland Railway Company, by Diibs & Co., 1869.
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at the Derby Works 20 express engines, generally
known as the *“ 30 class,”” having cylinders 163 x 22,
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and driving-wheels 6 feet 8 inches diameter (see Fig.
63).

These engines have been remarkable for the heavy
work which they have performed, and for economy both
in fuel and repairs.

With a load suitable to their power, they are still
capable of running at the highest speeds, but of course
they are not now sufficiently powerful for main line
expresses.

From the formation of the Midland Railway Com-
pany in 1844 to the close of the year 1862, Mr. Kirt-

— E

Fig. 65.—Tank Engine, No. 780, Midland Railway Company, 1870.

ley constructed the goods engines with cylinders 16
by 24, and 5 feet 2 inch wheels. From 1863 to 1869
he employed 16} inch cylinders, and from 1869 to
1875, 17 inch cylinders (see Fig. 64).

For working the Midland Company’s trains over the
Metropolitan Railway, Mr. Kirtley designed, and
Messrs. Diibs & Co. in 1870 constructed, twenty tank
engines (Fig. 65) having cylinders 17 x 24, four coupled
wheels 5 feet 2 inches diameter.

Mr. Kirtley also designed a powerful class of express
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engine for the Midland Railway, of which forty-eight
were built in 1870, thirty by Messrs. Neilson & Co.,
and eighteen at Derby, having cylinders 17 X 24, and
four coupled wheels of 6 feet 8 inches diameter ; the
tractive force which could be exerted for each pound of
effective steam pressure per square inch upon the pis-
tons being 867 lbs., or thus—

17X 17 X %

80 =867 Ibs.

The distance between the centres of the two cylinders
is 2 feet 6 inches ; this has always been a very great
advantage to these engines, on account of the extra
width available for steam and exhaust passages.

The boiler and fire-box were of the standard pattern,
previously used by Mr. Kirtley for his goods engines
(Fig. 64). The boiler contained 168 brass tubes of
2 in. diameter outside, and was fed by one injector and
one pump.

aq. ft.

Heating surface of tubes .. +o o0 o0 oo 993
Heati.ug surface of fire-box e oo es e .. 103
Total .. «o «v oo oo oo 1096

Two safety valtes were placed upon the dome, pressed
to blow off at 140 pounds per square inch.

A Roscoe lubricator was also provided.

Surface or area of fire-grate, 17 square feet ; wheel-
base of engine, 16 feet 6 inches.

Weight in working order—
tons cwt. qrs.
Of engine .o .. 40 oo o0 o0 o0 36 18 2

Oftender ee oo «o 4o o0 oo oo 2¢ 16 3
TOt&loo o0 e oo 60 14 ]
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These engines have been remarkable for their excel-

- e
Fig. 66.—Midland Express Engine, ¢ 800 Class,”” 1870.
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lent working, and since their cylinders have been en-
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larged to 18 inches diameter, their efficiency has been
still further increased.

The tender (Fig. 67) ran upon six wheels, and carried
2,000 gallons of water, and, if necessary, 4 tons of coal,
and was provided with a hand brake applying a wooden
block to each wheel.

In1871, Mr. Kirtley introduced another type of ex-

Fig. 67.— Midland Tender, 1870.

press engine on the Midland Railway, having inside
bearings only for coupled wheels.

No. 890, the first of this class, had cylinders 17 X 24
and coupled wheels 6 feet 8 inches diameter. A very
large number of engines of this type of framing have
since been built and are all at work.

It will be observed that these engines had double
frames, but the coupled wheels had inside bearings
only ; the chief dimensions being as follows :—

Diameter of cylinders .. .. .. .. .. .. g li;
Length of stroke .. .. .. « .. . 0 24
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Diameter of coupled wheels .

Number of tubes
Diameter of tubes ..
Boiler pressure

Heating surface of ﬁre-box
Heating surface of tubes .

Total

Number of square inches of
bearing surface on each
pair of journals ..

ft. in.

.. .. 6 8
. 232

0 1}

1.4'0 ll;s.. p(;l: eq;n;u'e inch.
8q. ft.

.. 92

. 1,020

. L1112

Leading .. .. 104
Driving .. ., 133
Trailing .. .. 129

tons owt.

‘Weight of engme in average working order .. 36 14

?” ”

Total .

” )y .. 26 4

62 18

121

Fig. 68.—Kirtley’s Express Engine, Midland Railway Company, 1871.

When the American Pullman car trains were first
introduced into this country in 1874 engines of the
890 class were employed to work them, and were
specially fitted with a central buffer at the back of the
tender, as the cars had not side buffers.



CHAPTER 1V.
MODERN LOCOMOTIVES FOR MAIN LINE TRAINS.

It being difficult to exactly define what is meant by
“modern locomotives,” for the purposes of this chapter
engines will be included which have been designed and
constructed within the past twenty years.

Fig. 69.—Glasgow and South- Western Express Engine, July, 1873.

Mr. James Stirling, locomotive superintendent of the
Glasgow and South-Western Railway, at Kilmarnock,
in 1873, was the first locomotive engineer to introduce
a design or combination which included a leading-
bogie, four coupled wheels 7 feet diameter, and inside
cylinders 18 inches diameter.
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The tractive force exerted for each pound of effective
steam pressure per square inch in the cylinders being,
therefore, — '

18 x 18 x 26
84

=100-286.

It had been contended by many engineers that a
pair of 18-inch cylinders with their valves between
them could not be placed between the frames of an en-
gine upon the 4 feet 8} inch gauge, but Mr. Stirling
proved that sufficient space existed by placing the
cylinders thus in his new engine.

The boiler is flush-topped, having a Ramsbottom
safety-valve placed over the fire-box casing, and is
without a dome.

No. 6 (Fig. 69) was reversed by means of screw gear,
but in May, 1874, Mr. Stirling completed a similar
locomotive, No. 95, and it was the first to be fitted with
his steam reversing gear. This gear consists of two
small cylinders placed horizontally upon the right-hand
side of the foot-plate, both the pistons being attached
to one rod which passes out through the front cylinder
cover and is connected to the rod working to the re-
versing gear. By means of a small handle the engine-
driver can admit steam to either end of the steam
cylinder, and thus put the engine in forward or back-
ward gear at pleasure. Between the two cylinders the
piston rod carries an index which works over a fixed
scale showing the position of the gear and the propor-
tion of the stroke at which the steam is being cut off
in the main locomotive cylinders.

To retain the steam reversing gear in any required
position the second small cylinder is completely filled
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with oil, and its piston can only move when the driver
permits a valve to open to allow the oil to pass from one
end of the small cylinder to the other.

Therefore, without any manual labour the engineman
can reverse the locomotive by means of a small handle
upon the foot-plate, and as the one handle actuates both
the steam valve and the oil valve, it follows that in
whatever position the driver stops the supply of steam
the oil will firmly hold the gear.

Engines of this type still remain the standard pattern
upon the Glasgow and South-Western Railway, and
Mr. Stirling has during recent years introduced a very
similar design upon the South-Eastern Railway, but
having cylinders 19 inches diameter, for working the
express trains between Charing Cross and Dover.

In 1874 Mr. Stroudley designed and constructed at
the Brighton Works an engine named the ¢ Grosvenor,”
No. 151 (Fig. 70).

This engine has a single pair of driving-wheels

" 6 feet 9 inches diameter, cylinders 17 X 24, weight on
driving-wheels 14 tons. The * Grosvenor’ was sent
with the Brighton Company’s train to the Newark
Brake trials in 1875 ; it also was the engine employed
throughout Captain Galton’s brake experiments in
1878—79.

When the ‘“Grosvenor’’ was new the author rode
several trips upon her foot-plate. On one of these 22
coaches were conveyed from London to Brighton by
the five o’clock express without any loss of time.

Mr. 8. W. Johnson, in 1875, introduced a powerful
type of engine upon the Midland Railway for the con-
veyance of heavy mineral trains, No. 1148 (Fig. 71),
being one of those built by Kitson & Co.
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Engines of this class have cylinders 17} X 26, and

Fig. 71.—Midland Mineral Engine, 1875.

six coupled wheels of 4 feet 10 inches diameter; the
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tractive force for each pound of effective pressure on
the pistons being therefore—

17%_";%1"_2_6,137-284.

Heating surface . oo .. 1,225 square feet.

In 1878 Mr. F. W, Webb, of the London and
North-Western Railway, converted one of the old
engines on that line into a compound, on Mr. Mallet’s
system, the result of its working being that Mr.
Webb in 1881-2 built at Crewe a compound engine
of his own design named ‘ Experiment,” No. 66.

Mr. Webb’s system employs three cyhnders, namely
two high-pressure cylinders of equal size, placed out-
side and arranged to drive the hind driving-axle,
and one low-pressure cylinder placed inside, under
the smoke-box, and arranged to drive the front
driving-axle; the steam, of course, passing from the
two high-pressure cylinders into the one low-pressure
cylinder.

There is no subject relating to locomotive construc-
tion which has engaged so much attention and caused
so much controversy- as the introduction of ‘“Com-
pound ”’ Express Engines. The advocates of the com-
pound principle maintain that ‘ as the steam is used
twice over there must be a saving in fuel, and that
even if some of the early engines built are not fully up
to expectations the defects will be overcome in the
next to be constructed.”

On the other hand the advocates of the “Simple ”
system point out that two sets of cylinders and motion
are cheaper to construct and cheaper to maintain than
three sets; they hold the opinion that there is na
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saving in coal, and that even if there were, it would
be due to the high pressure of steam used, not to the
compound principle; and with regard to the question
of fast running they refer to the fact that at the time
of the great railway race of 1888 the three-cylinder en-
gines had to be withdrawn, and * simple two-cylinder ”
engines employed to perform the fast running.

The only possible way to prove what are the real
capabilities of the ¢8imple’” and ¢ Compound ”
systems, respectively, is to have a complete and im-
partial trial. Let two engines be built, the one
“ Simple,” the other *“Compound ”’—the boilers, fire-
boxes, heating surface, pressure of steam, and diameter
of driving-wheels, being identical in each. Let the
first cost, cost of maintenance, consumption of coal and
oil, be carefully ascertained, and let the two engines
be run over the same section of line with similar
trains ; in fact, have the trials made absolutely fair,
and in a very short time the results would settle all
the controversy.

The writer has watched the subject most carefully
from the first, in an impartial spirit, but he cannot fail
to observe that “ facts’ are in favour of the “Simple ”’
engine. Whatever a “ Compound ’’ engine can do a
“Simple ” engine can do, and frequently with more
efficiency. It is therefore not a matter of surprise
that the locomotive superintendents of all the other
important lines, after having made themselves fully
acquainted with the ¢ Compounds” in use in this
ocountry, continue to build large numbers of non-com-
pound express engines, which give great satisfaction.

In 1881 the late Mr. William Stroudley, locomotive
superintendent of the London, Brighton and South



THE “ GLADSTONE,” 1882. 129

Coast Railway, found that engines of increased power
were required to work the Company’s express trains,
which were constantly increasing in weight ; for instance,
the 845 A.M. express from Brighton to London Bridge
being a train often consisting of 25 coaches, the time
allowed being 1 hour 10 minutes, the weight, including
engine and tender, being fully 350 tons. The return
train leaves London Bridge at 5 P.M., and arrives at
Brighton at 65 p.M.

Mr. Stroudley, therefore, constructed in 1882, at the
Brighton works, a powerful express engine named
“ Gladstone”” (Fig. 72).

ft. in.
Diameter of cylinders (18}) .. +¢ oo 1 6}
Length of stroke (26) e se se .. 22
Diameter of coupled wheels .. .. .. .. .. 6 8

The tractive force for each pound of effective pres-
sure in the cylinders is therefore—

183 x 182 % 26 _ 111-020 Ib.
78
Total heating surface .. .. o« oo oo 1,485 8q. ft.
tons. cwts.
‘Weight of engine in workmgorder s oo 38 14
Tender loaded .. 1 7

Total .. ¢ ¢ +o .o 66 1

This engine is fitted with the Westinghouse auto-
matic brake applying two cast-iron blocks to each of
the coupled wheels, and one block to each tender
wheel. The valves are actuated by the ordinary
“Howe” curved link motion, the reversing being
performed by the late Mr. Stroudley’s arrangement, in
which air from the Westinghouse brake is made to do
the duty of a reversing lever or screw.

The position of the valves is under the eylinders,

4
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therefore it follows that when steam is shut off, all
friction between valves and their faces ceases. To
reduce the wear of the leading wheels Mr. Stroudley
arranged a pipe leading from the bottom of the exhaust,
in order to turn a jet of steam against the flange of
each leading wheel, the cold wheel condenses the steam
and lubricates the flanges, and when running round
sharp curves, especially in dry weather, the grinding
noise of leading wheels, so often observed upon many
lines, is consequently avoided.

Fig. 72.—Brighton Company’s Express Engine, 1882.

The tender runs upon six wheels, carries 2,250 gal-
lons of water and two tons of coal, and hasinside frame
and inside bearings only.

A number of other similar engines have been built,
one of which, named “ Edward Blount,” obtained a gold
medal at the Paris Exhibition in 1889.

Engines of the ‘ Gladstone’” type have very success-
fully coped with the difficulty of conveying express
trains of excessive length ; however, in consequence of
the increase of traffic and the generally-expressed wish
of the passengers that ¢the journey from London to
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Brighton should be performed in an hour,” it is prob-
able that at no distant date some of the heaviest trains
will have to be run in duplicate.

Fig. 73.—Midland Goods Engine, No. 1631.

The line from London Bridge to Brighton is about
504 miles in length, and about three miles from London
the New Cross incline of 1 in 100 for 2% miles com-
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mences, after which the line rises and falls by gradients
of 1 in 264 to three summits, one at Merstham tunnel,
another at Balcombe tunnel, and the third at the
Clayton tunnel. It therefore follows that with a train
of fair average length, an engine having a “single ”
pair of driving wheels of 7 feet or 7 feet 6 inches dia-
meter could, without difficulty, perform the journey of
50} miles in 60 minutes.

Fig. 72 shows that the ‘Gladstone ” has the four
large coupled wheels placed in front; this arrangement
enables a very much shorter coupling-rod to be em-

Fig. 74.—Midland Tender, No. 1631.

ployed, and leaves the length of the fire-box practically
unlimited, which is not the case when the trailing
wheels are coupled. However, for the fastest express
work the writer would prefer an uncoupled wheel as
leader.

The heavy express goods traffic upon the Midland
Railway necessitates the employment of powerful loco-
motives. In 1877, Mr. Johnson introduced engines
for this work having cylinders 17} by 26 inches, and
wheels of 5 feet 2} inches diameter ; his more recent
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engines are of similar appearance, but have oylinders
18 by 26 inches, wheels 5 feet 2} inches and a boiler
pressure of 150 lbs. per squareinch. Several hundreds
of these engines are at work and giving good results.

The tender (Fig. 74) runs on six wheels, carries
2,200 gallons of water, and has a coal space of 144
oubic feet.

Mr.S. W. Johnson, the locomotive superintendent
of the Midland Railway, introduced ‘bogie”’ express
engines upon that line in 1876, and since that time 190
have been built of the same general design as Fig. 75,
but with cylinders varying from 17} to 19 inches
diameter. Until 1885, the steam pressure employed
was 140 Ibs. per square inch, but in that year Mr. Johnson
designed the 1738 to 1757 class, having steel boilers
and a high pressure of 160 1bs. per square inch. Their
dimensions being—

Diameter of cylinders .. .o oo oo oo (
Length of stroke .. ee oo oo (
Diameter of coupled whve 8. e ae

The tractive force exerted for each pound of effec-
tive steam pressure per square inch in the cylinders
being, therefore, thus—

18 x 18 x 26
T=IOO'286.

As the steam pressure carried is 160 pounds per
square inch, and the weight availuble for adhesion
is over 28 tons, it follows that the engine is capable
of performing fast and very heavy work.

ft. in.
Distance apart of cylinders from centre to centre 2 4
Length of boiler between tube plates .. oo 10 1045
Mean diameter of boiler inside .. . .. 41

Number of tabes ,, . . . 246
Diameter of tubes e .o [ oo .o 0 l.
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Pressure of steam te ee e ee ee +. 1601Tbs.
Total heating surface .. .. .. .. .. 1,2618sq. ft.

Weight in working order—

tons. owts. qrs.
On bogie wheels .. .. .. .. .. 14 12 1
On driving wheels .. .. .. .. .. 16 0o 0
On trailing wheels .. .. .. ., .. 13 2 2

Total .. .. .. 42 14 3

‘Weight of tender, full, 3,260 gallons of
water and 2 tons of coal .. 36 1 1

Grand total engine and tender 78 16 0

Fig. 756.—Midland Railway Express Engine, built 1885.

One of these engines, No. 1757, * Beatrice,” was
sent in 1887 to the Saltaire Exhibition, and has since

been employed to work several royal trains.

For the purpose of working the Midland Company’s
trains over the Lancashire and Yorkshire Railway,
vid Hellifield, and thence to Carlisle, Mr. Johnson in
1888 designed the 1808 to 1822 class, similar to No.
1738, but with coupled wheels of only 6 feet 6 inches

diameter.
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The following was the complete list of the Midland

Company’s coupled bogie express engines to 1895 :—

Nos, Builder. Date. Cylinder. , Stroke, | OquPled Eg

%

In. In, -| Ft. In. | Lbs.

1312 to 1321 | Kitson {}g;‘.} 173 | 26 | 6 6 | 140

1327 t0 1346 | Dubs 1877 18 | 26 | 7 0 | 140,

1662 to 1581 | M.R. Co. }ggg} 18 | 26 | 6 9 |140

1657 to 1666 | M.R. Co. 1883 18 | 26 | 6 9 | 140

1667 to 1676 | M.R. Co. 1884 19 | 26 | 7 0 |140

1885
1738 to 1757 | M.R. Co. {1886} 18 | 2 | 7 0 |160
1887
1808 to 1822 | M.R. Co. 1888 18 | 26 | 6 6 |160
11 and 14|
80 5 871 léi.R. Co. 1891 18 | 26 | 6 6 |160
arp

2183 t0 2202 | /7P 1892 185 | 26 | 7 0 !160
Sharp i

2203 to 2217 | grorP 1893 185 | 26 | 6 6 160
184 to 199 '

161 mm} M.R. Co. 1894 18 | 26 | 6 6 160

23010 2,9 | M.R. Co. 1895 184 | 26 | 6 6 160
|

The Caledonian Company’s express engine No. 123

(Fig. 76), was constructed by Neilson & Co., and
attracted much attention at the Edinburgh Exhibition,
1886, and during the “ railway race,” 1888.

The following are the principal dimensions :—

Diameter of driving-wheels .. .. .. .. 7 feet.
Diameter of cylinders .. .. .. 18 inches.

Length of stroke .. .. .. .. 26 inches.

The tractive force exerted for each pound of effec-
tive pressure per square inch in the cylinders being
thus :—

18 x 18 x 26

_—84—_ =100-285 1bs.
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‘Working pressure of steam .. .. .. .. 1501bs.

‘Weight on driving wheels v ee es e

tons cwte.
Weight of engine in workmg order e .. 41 18
Tender loaded .. .. . e .. 33 9

Total .. .. .. .. .. 16

17 tons,

Fig. 76.—Caledonian Express Engine, No. 123, 1886.
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The engine is provided with Adams’ vortex blast-
pipe, the Westinghouse automatic brake, a sand-blast,
two injectors, and two water gauges.

No. 123, during the “ railway race,”” worked the
West Coast trains between Carlisle and Edinburgh.

The writer rode several trips in trains over this dis-
tance, and on one day timed the 101 miles covered
in 104 minutes, some of the rising gradients being
very severe, namely 1 in 75 on Beattock incline.

Number 123 was put into express traffic between

Edinburgh and Carlisle or June 1, 1888.

Fig. 77.—Caledonian Tender, No. 123.

The average number of vehicles was seven, six of
which were 8-wheeled carriages, each 42 feet long,
and one a 6-wheeled brake van, giving a total train
weight of about 146 tons, exclusive of engine and
tender.

The average consumption of coal during the “rac-
ing ” months of August, September and October, 1888,
was 318 1bs. per engine mile.

The tender (Fig. 77) runs on 6 wheels, and carries
2,850 gallons of water, and has a coal space of 210
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cubic feet. The tender brake can be applied by either
‘Westinghouse apparatus or by the usual hand-screw.
‘Wheel-base of engine and tender, 42 ft. 6 in.

Mr. Patrick Stirling, late locomotive superintendent
Great Northern Railway, having employed express
engines with cylinders 17 by 24 inches, and a single
pair of 7 feet wheels, decided to design a much more
powerful type of express engine, having a larger
driving-wheel and larger cylinders; and, as he could
not employ inside cylinders, in consequence of the

Fig. 78.—Type of Great Northern Express Engine, 1870 to 1895.

height of the cranks, he placed them outside, where he
could get them between the wheels of the bogie, and in
a horizontal line with the centre of the driving-wheel.
The first of these was built in 1870, and 53 of this
pattern (Fig. 78) are now at work.

The particular engine illustrated was the “ Jubilee ”
engine sent to the Newcastle Exhibition, 1887.

ft. ins.
Diameter of cylinders .. .. .. .. .. .. 0 llng
Length of stroke . . 0 28

Diameter of driving-;vhe'ells C;;omfl;al):: o 80
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Therefore the tractive force exerted for each pound
of effective steam pressure per inch in the cylinder is

thus—
- 18x18x 28
% — =945 lba,

Total heating surface ¢s oo oo oo .. 1,046 8q. ft.

Weight of engine in working order—

On front bogie wheels ,, e se s
On rear bogie wheels .o 40 «o oo oo .. 9
On driving wheels . .. .. .. .. .. 17

On trailing wheels .. .. .. ¢ o .. 10 12

Total-. e ee oo 4b 3
Weight of tender loaded .. .. .. .o .. 33 T

Grand total, engine and tender ,, .. 78 10

At the time of the “race,”” engines of this type with
loads of 7 to 9 coaches, weighing 120 to 140 tons, burnt
only 226 lbs. of coal per mile, when working between
London and Grantham, and Grantham and York.
Nothing can more clearly show their economy in regard
to fuel.

The line rises upon leaving London, King’s Cross, by
gradients of 1 in 105 and 1 in 110 through Maiden
Lane and Copenhagen tunnels, and from about the
4} mile post to the 12§ post is all rising one in 200.
It is found in practice that engines similar to Fig, 78
can take from 16 to 20 coaches up hill to Potter’s
Bar at an average speed of 40 miles an hour, and then
they can run the remaining 92 miles to Grantham
without a stop at an average of just under, or if neces-
sary, fully 60 miles an hour. In 1888 No. 776 took
an important part in the “race to Edinburgh,” and
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engines of this type have been timed at a speed of  just
under, or practically, 80 miles an hour.”

Since 1886 Mr. Stirling has placed several new ex-
press engines upon the Great Northern Railway, known
as the 230 class, in which he has returned to the inside
cylinder pattern. These have 6 wheels, cylinders 18}
X 26, and driving wheels 7 feet 74 inches when new.

The practical result of working is that both types
are very efficient. The inside cylinder class is less
costly to build, the coal consumption is the same in
both ; and with reference to the question of speed it is
found that the 7 feet 6 inch engines can run equally as
fast as the 8 feet engines. For extremely fast running
an inside cylinder engine is more suitable than an out-
stde ; it is therefore probable that in future the inside
cylinder class will become the standard.

A special series of comparative trips recently made
between Doncaster, York, and Peterborough, with a
“compound ”’ engine, and a Great Northern “simple”
engine resulted considerably in favour of the latter.

For working the Great Eastern Company’s heavy
express trains between London, Yarmouth, Cromer,
Doncaster, &c., Mr. James Holden has designed and
constructed at Stratford several engines of the type
illustrated (Fig. 79).

These engines have four wheels coupled, 7 feet dia-
meter, the leading end being carried by a pair of 4 feet
wheels.

The cylinders are 18 inches diameter, and the stroke
24 inches ; the tractive force exerted for each pound
of effective steam pressure per square inch on the pistons

is therefore—
18 x 18 x 24

T 92-57,
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The axle of the leading wheels is provided with both
inside and outside axle-boxes.

Total heating surface .. .. .. .. 1,230sq. ft.

Weight in working order .. .. .. 42 tons

‘Weight of tender we ++ +e .. 30 tons 12 cwts.
' 72 tons 12 cwts.

The boiler is 4 feet 3 inches diameter inside, butt
jointed, the plates being of steel § inch thick, and the
working pressure of steam 150 lb. per square inch.

Fig. 79.—Great Eastern Express Engine, No. 719.

The inside fire-box is of copper 4 inch thick, except
the tube plate, which is 1 inch thick at top and  inch
at the bottom. It is now the practice at Stratford to
fit all engines having cylinders 17 inches diameter
and upwards with 5} inches steam pipes and large
regulators.

Indicator diagrams taken from the steam chest and
cylinders show far less wire drawing at high speeds
than formerly with the 4}-inch pipes.

The cylinders are cast in one, and placed with the
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valve faces downwards. This arrangement allows of
long axle bearings. The cylinders are well drained,
and the valves can drop from the faces when running
with steam shut off.

The valves are worked by the ordinary link-motion,
counterbalanced by a spring and reversed by a wheel
and screw. All engines now built at Stratford have
single slide-bars, and cast-steel oross-heads, motion
plates, spring hanger brackets, spring hangers, horn
blocks, etc., and cast steel is now being introduced
for all wheels. The coupling rods are made of
wrought-iron of I section.

The tender is carried upon six cast-steel wheels of
4 feet diameter, the springs being outside the frames
and (like all the new tenders) is now fitted with
axle-boxes of a new pattern; the box is cast in one
without keep, a large oil reservoir is arranged to slip
in under the journal from the front, which is easily
removed to change the oil pads as required ; a dust
shield is provided at the back or inner end of the box.
These axle-boxes are found to work very satisfactorily,
and there has not been any case of trouble from their
heating. The tender carries 2,640 gallons of water and
three tons of coal.

The whole of the passenger rolling stock upon the
Great Eastern Railway, including, of course, engine
719, is fitted with the Westinghouse automatic con-
tinuous brake.

The express trains upon the Great Eastern Railway
are heavy, more especially so during the summer
months, when they are made up at Liverpool Street
Station from 18 to 21, and sometimes even more,
6-wheeled carriages, the majority of which are third-
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class six compartment vehicles, all fully loaded and
drawn by one engine. The work which has to be
performed by such engines is very greatly increased, as
the writer observed when travelling with the trains,
by the fact that at a distance of about half a mile from
the starting point the Bethnal Green incline commences
and continues for nearly three-quarters of a mile upon
a gra.dient of 1 in 70; the gradients on both the
company’s main lines are severe, the curves both
numerous and sharp, and the trains long.

In 1888 Mr. Holden demgned a new type of express
engines somewhat similar in appearance to 719, but
having a ““ single ” pair of 7 feet driving-wheels ; these
are also giving great satisfaction.

The Great Eastern Company has several locomotives
at work fitted with Mr. Holden’s system for burning
liquid fuel. One of these, *“Petrolea” (No. 760), is
fitted to burn liquid fuel, but beyond the addition of
an oil tank on the tender, and a few pipes leading to
the liquid fuel injectors below the fire-hole door,
there is nothing in its outward appearance to distin-
guish it from a coal-burning locomotive, to which it
can be converted at any moment, there being no
alteration in the construction of the fire-box. A
special feature of the injector is an outer ring through
which jets of steam pass, these jets impinging at the
nozzle on the liquid fuel induced through a central
cone, and breaking the fuel up into a very finely
divided spray which ignites immediately. There is
a passage in the injector through which air also is
induced, and as the emission of steam, liquid, and air
can be adjusted independently of each other, combus-
tion is regulated to a nicety, and the slightest smoke



144 DEVELOPMENT OF THE LOCOMOTIVE.

avoided. The fire is lit up with coal in the usual way,
and a bed of incandescent fuel and chalk or broken
bricks kept up, the weight of coal used in conjunction
with the liquid fuel being about one-third of the total
fuel consumed. The saving of labour to the fireman
is, of course, very great, whilst the incandescent base
enables the engine to lie practically inert for hours
if required, yet ready to start into action directly the
injector is worked. The “Petrolea” is employed to
work some of the fastest and most important of the
Company’s trains, and the *fuel experiment” is
being watched with great interest.

The Manchester, Sheffield, and Lincolnshire Com-
pany has recently constructed a new class of engine
(Fig. 80), at its Gorton works, from the designs of
Mr. Parker, locomotive superintendent.

These engines work the main line trains between
Manchester, Retford, and Grantham. They have
cylinders 18 X 26, coupled wheels 6 ft. 9 in.
diameter, with pressure of steam 160 pounds. Total
,heating-surface, 1,278 square feet. The tractive force
for each pound of effective pressure is 104 lbs. The
piston speed when running at 60 miles an hour is
thus—

26 x 60 x 56=1,076 feet per minute.
81
G L T L T

Total .. .. .. .. .. 81 tons,

The .tender carries 3,080 gallons of water and 4 tons
of coal, and is provided with a special design of axle-
box which is easily accessible.
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The main line of the Manchester, Sheffield, and
Lincolnshire Company forms a very -considerable
link in the through route between Manchester (London
Road) and London (King’s Cross); and to avoid an
extra stop at Retford, the Sheffield Company’s engines
work these express trains over the Great Northern
Railway as far south as Grantham, and it is upon this
important service that No. 564 and its sister engines
are employed.

The loads vary from 120 to 200 tons, equivalent to

Tig. 80.—M. S. & L. Express Engine, 1887.

nine to fifteen vehicles. The average speed, exclusive
of stoppages, equals 44} miles an hour.

In order to fully appreciate the work which has to
be performed, it is necessary to take into account the
heavy gradients and also the very numerous curves
which exist (the sharpest of which has a 7-chain
radius), and which, of course, cause much extra flange
friction. The writer has recently made several trips
in trains over the route in order to carefully note the
actual working of the engines upon the various
gradients.

L
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Leaving Manchester, the engine has one continuous
up-hill pull of 22 miles to Dunford Bridge, the
gradients being chiefly 1 in 100, 108, 97, 100, 177, 201.

Upon the return journey, after leaving Sheffield,
the train has to climb up to Dunford Bridge, 19 miles
of 1in 132, 120, 131, 100, 135. Railway-men will
see at a glance the work which these gradients imply,
more especially when the long incline has to be faced
after the engine has worked from Grantham to
Sheffield, a distance of 56 miles, and made a start from
that station. - .

The average consumption of coal per mile of the
564 type has been reduced to 24 lbs., and under favour-
able circumstances to 223 lbs., per mile.

At the present time the Manchester, Sheffield, and
Lincolnshire line may be regarded as an extensive local
system, its engines working from Liverpool «n the west
to Grimsby on the east, north to Leeds, and south to
Grantham. By a recent Act of Parliament, the com-
pany’s system is now extended to Nottingham, and by
means of the new line through Leicester to Aylesbury
it is now certain that at no distant date the Manchester,
Sheffield, and Lincolnshire line will, in connection
with the Metropolitan, become a great through route
upon which its own engines will work trains to
London.

The North Eastern Company exercises its running
powers over the North British Railway between
Berwick and Edinburgh, and provides the locomotive
power for the through East Coast Joint Stock
expresses between York and Edinburgh. For several
years this service was worked by engines designed by
Mr. Fletcher in 1870, having four coupled 7 feet
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wheels and cylinders 17 by 24. In 1885 twenty
express engines were built at the suggestion of Mr.
Tennant, General Manager; these had 4 coupled
7-feet wheels, cylinders 18 by 24, and 1,250 square
feet of heating surface ; these proved remarkably fine
engines, and still work the express trains between
Newcastle and York.

In the early part of the year 1889 Mr. T. W,
Worsdell, having become the Company’s locomotive
superintendent, made a new departure by constructing
an engine—No. 1329—having a single pair of driving
wheels 7 feet 1} inches diameter, and upon the com-
pound principle. The working results of this engine
proved thoroughly satisfactory to Mr. Worsdell ; he
therefore decided to comstruct five others of a still
larger design, one of these being No. 1518 (Fig. 81).

Mr. T. W. Worsdell has laboured very energetically
in the development of the ‘two-cylinder compound
engine ”’ (Fig. 81), which he maintains is better than
the three-cylinder system.

The North-Eastern compound engines are worked
upon the system of Messrs. Worsdell and Von Borries ;
the latest design (Fig. 81) hasa high-pressure cylinder
20 inches diameter, and a low-pressure cylinder 23
inches diameter, the stroke in both cases being 24
inches. To place two such large cylinders between
the frames it was found necessary to fix them at
different levels, so that their axes are not parallel.

The driving-wheels are 7 feet 7} inches diameter.

The valves are worked by the Joy gear, through the
medium of rocking shafts. There is also a special
valve arrangement by which high-pressure steam can
be admitted direct to the low-pressure cylinder. This
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arrangement enables the engine to be started when the
high-pressure ecylinder is upon a dead point. The
boilers have been built to carry a working pressure of
steam of 200 pounds per square inch, but at the present
time 175 pounds is the pressure used.

T'ig. 81.—North Eastern Compound Engine, 1889.

Total heating surface.... .. .. .. 1,139sq. ft.
‘Weight on driving wheels .. .. .. 17 tons, 16 cwt.
tons. cwts. qrs.
Weight of engine (full).. .. .. .. 46 13 2
Weight of tender (full) .. .. .. .. 40 1 0
Total .. .. 86 14 2

The weight of 17 tons 15 cwts. upon the driving-
wheels, assisted by the sand-blast, is found amply
sufficient to provide the necessary adhesion.

This is the heaviest class of engine and tender com-
plete running in this country.

The tender carries 4 tons of coal and 3,940 gallons of
water, which enables these engines to run through from
Newcastle to Edinburgh, 124 miles 81 chains, without
a stop.

Several of these engines have run at very high speed,
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and the writer has timed them at just under 80 miles
an hour.

No. 1,517 was put into traffic between Newcastle
and Edinburgh early in October, 1889. The loads
varied from ten to twenty-two vehicles. At the end of
October the average coal consumption was stated to be
264 1bs. per mile. On one occasion a trial was made
between Newcastle and Berwick with a train of thirty-
two empty carriages; the distance—67 miles—was
run in 78 minutes, or three minutes under the time of
the Scotch Express, and this with a load of certainly
not less than 270 tons, exclusive of engine and tender.

Mr. Worsdell has also conferred a boon upon the
drivers and firemen of the North-Eastern Railway, by
providing them with a good comfortable cab, as shown
(Fig. 81).

A similar engine, No. 1,521, was sent to the
Edinburgh Exhibition of 1890.

Mr. William Adams, when locomotive superintendent
of the London and South-Western Railway, designed
and constructed, at Nine Elms, twenty express engines
(Fig. 82) of great size and power.

Diameter of cylinders ve ee ee . 19ins.
Length of stroke .. .. .. .. .. .. 20ins.
The piston-rod passes through the front cover

of the oylinder. . tos
Diameter of bogie wheels . . . 3 9%
Diameter of coupled wheels ., . . 7 1
Length of boiler barrel .. . . w 11 0
Length between tube-pla.tea e . W 11 4
Diameter of boiler outside . . . 4 4
Number of tubes . . o 240
Diameter of tubes outside 0 13

The boiler is made of mild steel pla.tes Work-
ing pressure of steam, 1756 Ib. per sq. in.
The boiler is fed by two No. 8 m_]ectors

From rails to centre of boiler .,

s
&
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H eating surface of tubes .. .« 1,245'60 8q. ft.
Heating surface of fire-box .. . 122:16 ,,
Total .. .. 1,367°76 ,,
Area of fire-grate . .. .. 18 ,,
ft  ins.

From front of buffer plate to centre of bogie .. 8 43
From bogie centre to centre of dnvmg-axle 10 9
From driving to trailing .. . 8 6
From trailing axle to back of frame . .. 4 3

The frames are of mild steel, pluced inside, and
the axles have inside-bearings only ; the driving and
trailing springs are attached to a compensating beam ;

Iig. 82.—London and South-Western Express Engine,
No. 680.

the axles are of cast-steel ; the tires of steel ; copper
fire-box and brass tubes; the coupling-rods are of
wrought-iron of I. section.
The tender runs on six wheels of 3 ft. 9§ ins.
diameter, the capacity of the tank being 3,300 gallons.’
Weight of engine in working order—

ENGINE—
Tons. cwt. qrs.
On bogie wheels .. .. . . 4
On driving wheels .. . . .. 16 13 0
On trailing wheels .. .. . .. 14 18 0

Total engine . .. 48 16 0
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TENDER~~

Tons. cwt, qrs.
Onﬁntpmrofwheels . . 9 18 0
On middle .. .e . . 10 8 0

On third . . . . o 11 14 0

Total .. 32 0 0

Total engine a.nd tender in workmg
order .. . 80 15 0
in

Total wheel-base of engine and tender o 44 ¢ 3{
Total length over buffers . . .. 63 8§

One cast-iron brake-block is fitted to each coupled
and tender wheel applied by ““steam *’; the engine is
also provided with the necessary apparatus for workmg
the automatic vacuum brake upon the train.

Mr. Adams has also designed and constructed
another type of locomotive for either passenger or
goods traffic, these new engines being employed to
run express goods between London and Exeter, and
also upon heavy excursion traffic.

They are tender engines running upon six wheels,
having four coupled wheels in front and a small pair
of trailing wheels under the foot-plate.

«“ 530 CLASS.”
Diameter of cylinders .. .. o .o 18ins.

Length of stroke ., . . . e 26,
Diameter of coupled wheels . . .. 6ft.
Length of boiler barrel .. .o . o 11,
Number of tubes o v .. 218
Diameter of tubes (outsnde) . o .. 1}in.
Heating surface of tubes. . . .o 1131°4 sq. ft.

Heating surface of fire box .. . 1167 ,,

Total 4o .. 1,2481 o

Area of ﬁm'gm“ .o e .e 17 8q. ft.
Pressure of steam ., . e« 160 Ib. per sq. in.
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Weight in working order—

tons. cwt. gra.
On leading wheels .. . . . 15 6 0
On driving wheels .. . . .. 16 8 0
Ontrallmgwhoels .. . . s 10 13 0
Total engine .. . . 42 7 0
Weight of tender loaded .. . .. 30 2 0
Grand total of engine and tender .. 72 9 0

- Length of wheel base of engine and tender. .38 ft. 1} in.

The new class of tank engine, 62 type, for working
local passenger trains, runs on eight wheels and has
inside cylinders.

The four coupled wheels are 5 ft. 7 ins. diameter,
placed in front, and a four-wheeled bogie is placed
under the foot-plate. The cylinders are 18 by 26.

Weight in working order—

Tons. cwt. qr.

On leading wheels . . . 17 3 0
On driving wheels . . . 18 0 0
On bogie wheels .. . . . 17 o O

Total . . 52 3 0
Total heating surface .. . . 1,248 sq. ft.

The South-Western Company prov1das its engines
with the Adams Vortex blast-pipe, which instead of
being a simple tapered pipe, as generally employed,
has a central tube through which the heated air from
the lower rows of tubes is drawn. This blast-pipe is
found to fully answer expectations, as will be seen from
the following official statement.

From June, 1835, to June, 1889, the company mixed
the coal in proportion of two-thirds Welsh coal to one-
third hard coal ; since that time, in consequence of the
increase in price of Welsh coal, the proportion is
reversed, and in consequence the consumption is in-
creased, and thus destroys the means of comparison
with former years. (See next page.)
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154 DEVELOPMENT OF THE LOCOMOTIVE,

Previously to the South-Eastern and Chatham amalga-
mation, the South-Eastern engines were designed by
Mr. James Stirling and constructed at Ashford; they
have a leading bogie and four coupled 7-feet wheels;
the cylinders, placed inside, are 19 inches diameter and
the stroke 26 inches.

The results of the working of six of these engines
stationed at Dover, and each running about 1,000 miles
per week upon mail and express trains between Dover
and London, were as follows, and show very clearly the
influence of weather and working generally during
three different seasons of the years since the design was
introduced.

May.
Average load 12 vehicles = 12gtons

Engine and tender o 1 = 190 tons,
Average ocoal per train mnle, 27-62 Tba.

NOVEMBER.
Average load same as above, 190 tons.
Average coal per train mile, 30:37 1bs.

Avausr.
ST i |
Average coal per train mxle 2872 1bs.

The London, Chatham, and Dover Railway employed
engines designed and constructed by Mr. William
Kirtley at its Longhedge Works. They have a leading
bogie, four coupled wheels of 6 feet 6 inches diameter.

The cylinders are 17} inches diameter, by 26 inches
stroke, the coupled wheels being 6 feet 6 inches dia-
meter, and the tractive force therefore—

1_71’_7’;_2‘1. = 102 Ibs.

for every Ib. effective pressure on the piston, The
boiler pressure is 150 Ibs. per square inch.

The weight on the coupled wheels is 27§ tons, or
62,160 lbs., and a tractive force equal to § of the weight
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available for adhesion would be given by a mean effec-

tive pressure of—
62160

lm = 121'8 lbs.
per equare inch, for which the cut-off required would be
about 65 per cent. of the stroke.

The boiler, barrel, and fire-box shell are of best
Yorkshire iron, the barrel made in two plates only,
the circumferential seams being lap jointed and single
riveted, and the longitudinal seams butt jointed and
double riveted.

The top and sides of the shell are formed of one
plate. The inside fire-box is of copper, the crown and
sides in one plate, and the crown stayed by wrought-
iron bars, secured by studs screwed through the crown
plate into the bar with nuts on the underside. The
fire-box stays are of copper. The back plate of the
shell and the front tube plate are stayed by direct
longitudinal stays, and the fire-box tube plate to the
barrel by palm stays riveted to the latter.

Height of centre of boiler from rail .

Length of barrel

Diameter of barrel outside at la.rgest p&rt
Thickness of plates

Length of fire-box shell outside

Width of ditto at bottom .,
Depth of ditto from centre of boiler

Thickness of ditto plates
Water space between fire-box and shell at

bottom .

Thickness of fire-box plates .e .
Ditto  tube-plate .

Number of tubes, 199 g)rass)
Diameter of dxt.to outasi
Pitch of ditto

Heating surface tubes 963 square feot.

Datto fire-box 107 ,, ”

Total .. 1,070
Grate area 166 square feet.
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156 DEVELOPMENT OF THE LOCOMOTIVE.

The fire-box is fitted with brick arch and deflector
plate on the inside, and sliding doors on the outside,
these being fitted with an auxiliary door or valve for
regulating the admission of air to the fire-box, the main
or sliding doors being always closed when running, so
that no glare or heat from the fire is thrown on to the
footplate or into the cab, to incommode the men, or
affect their clear view of the signals by night. The
grate bars are 1} inches wide at the top, and of
wrought iron with 4-inch air spaces.

The London, Tilbury and Southend Railway works
its passenger traffic with large ten-wheeled tank
engines, having a leading bogie, four coupled wheels
of 6 feet diameter, and a trailing pair of small wheels,
the cylinders placed ¢ outside” and 17 X 26. The total
weight of these engines is 56 tons.

The latest tank engines for the North London Rail-
way have been designed and built by Mr. Park at Bow ;
they have outside cylinders 17} X 24, a leading bogie,
four coupled wheels, and a steam pressure of 180 lbs.
per square inch.

The North London Company’s main line extends
from Broad Street station to the junction with the
London and Nosth-Western system at Chalk Farm,
and it has branches to Poplar and at Bow which
bring up the total length of the railway to twelve
miles.

The Company also is joint lessee with the North-
Western and Midland of the North and South-Western
Junction Railway, and by means of running powers
over portions of the Great Northern, London and
North-Western, and other lines, its trains traverse the
western, northern, and eastern suburbs of London.
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The traffic is heavy, the gradients severe (being 1 in
59 at Highgate), and the stations about half a mile
apart.

The average mileage of the whole of the North Lon-
don Company’s engines equals 46,000 miles pér annum,
and the average fuel is 30 lbs. of coal per train mile.

The North London was one of the first companies to
see and take advantage of high steam pressure. When
other lines were using 120 lbs. and 140 lbs. per square
inch, this line employed 160 Ibs. with excellent results.

Fig. 83.—Metropolitan District Engine.

The Metropolitan and Metropolitan District Rail-
ways have both for many years worked their heavy
and continuous passenger traffic with leading bogie,
outside cylinder, four-coupled passenger tank engines,
baving cylinders 17 X 24, and wheels 5 feet 9
inches. However, the latest Metropolitan engine has
inside cylinders and a trailing bogie.

Fig. 83 shows that the engine has a leading bogie,
four coupled wheels, and outside cylinders. This class
of tank engine was originally designed for the under-
ground railways by Sir John Fowler. On the opening
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of the Metropolitan District Railway, the locomotive
stock consisted of twenty-four of these engines, since
increased to fifty-four, the whole of which have been
built by Messrs. Beyer, Peacock & Co., of Manchester.
These engines have proved remarkably satisfactory, as
is clearly shown by the fact that when ordering new
ones it has been found unnecessary to make any
changes of importance in the dimensions. The chief
dimensions of No. 54 are as follows :—

ins.

Diameter of cylinders (17) . . v 16
Leogth of stroke (24) .. . . . 2 0
Lel:lgthofpom .. . . . . 11
Wi thofsteumports . . . . 01
Width of exhaust . .o 0 2
Between centres of cy lmders .. . . 6 0
Between centres of valve spindles .. . 21
Diameter of piston rods . e . 0 2
Lap of valves ., . . . . 00
Lead of valves .. . . . . 00
Throw of eccentrics . . . 0
Diameter of bogie wheels (nev) . . 3 0
Diameter of coupled wheels (uew) e ‘e 5 9%
Total wheel base . W 2009
Dmmet.er of boiler (mmde) . 4 0

of boiler, between tube plates 10 63§
Dmmeter of tubes . . . 0 2

Number of tubes .. .. 164
‘Working pressure of steam . 130 1bs.

Diameter of blast-pipe .. .e e . 0 b6}

When working in tunnels the exhaust steam is dis-
sharged into the water tanks.

Weight in working order :—
tona. owts.
On bogie wheels . . . . 10 17
On driving wheels .. . . . 18 1
On trailing wheels ,, . . . 17 12

Total 46 10

On journeys round the *inmer circle ” the author
finds the number of booked stops is twenty-seven, in
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addition to which there are always several due to sig-
nals ; the distance is thirteen miles, and the time occu-
pied in running sixty-eight minutes. Theload hauled
on all the circle trains and also over the gradients
above mentioned is a train of nine coaches weighing
from 75 to 87 tous empty. There are also a few local
trains of five coaches running between High Street,
Kensington, Putney Bridge, Earl’s Court, Chiswick
Park, and on the Hounslow branch.

The entire stock of the Metropolitan District Com-
pany, consisting of fifty-four engines and 850 car-
riages, is fitted with the Westinghouse automatic
brake, and it is a fact worthy of note that although
constantly stopping trains this brake works without a
single fault or delay being caused.

The Company’s locomotives undergo a general re-
pair once in about two and a half years, and are prac-
tically in constant work from one general repair to the
next, one shed day in seven being the only time they
are cold.

The author finds the coal sheet to be remarkably
good, considering the constant starting of trains, the
heavy work, and severe gradients, the average con-
sumption being less than 30 lbs. per mile. It must
also be remembered that the entire railway consists of
curves, there being hardly any straight road, and many
of the curvesare so sharp as to require check rails.

The Great Eastern Company has several useful classes
of express engine, in addition to those illustrated, Fig.
79, namely the old ‘single” engines deslgned by
Mr. Sinclair, and the large bogie express engines of
the 602 class, having cylinders 18 X 26 and driving-
wheels 7 feet 6 inches diameter.
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The Coupled Compound Engine, No. 230, built by
Mr. Worsdell, has since been altered.

The Lancashire and Yorkshire Railway, having heavy
gradients and frequent stoppages, requires engines of
considerable power. That company, therefore, employed
engines having a leading bogie, four coupled wheels of
6 feet diameter, and cylinders 17} x 26, also a
later class having cylinders 18 x 26 and 7 feet 3
inches coupled wheels.

The North British Railway is also one requiring
power: we therefore find bogie express engines with
four coupled wheels of 6 feet 6 inches diameter and
cylinders 18 by 26.

On the Caledonian Railway several powerful engines
are employed. Mr. Drummond had constructed bogie

. express engines with cylinders 18 by 26 and 6 feet 6
inches coupled wheels, and engine No. 124 had 19
inch cylinders, now reduced to 18. Boilers with
various pressures from 150 to 200 lbs. per square inch
have also been tried upon this railway.

The tank engines for working the passenger traffic
between Liverpool and Birkenhead through the Mersey
tunnel are of exceptional power, the gradient to be
ascended being no less than 1in 27; the engines of the
No. 1 class have six coupled wheels of 4 feet 7 inches
diameter and a trailing bogie, the cylinders are 21

“inches diameter and 26 inches stroke, the total weight
of this engine being 68 tons. This grea$ power and
weight enable these engines to stop at any point within
the tunnel, and start away with their trains upon the
heavy gradient of 1 in 27.

From the opening of the St. Pancras Station for the
Midland Company’s main line trains, in 1868, until the
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162 DEVELOPMENT OF THE LOCOMOTIVE.

year 1887, the whole of the express trains to London
were worked by engines having four wheels coupled,
but in that year Mr. 8. W. Johnson designed and con-
structed some engines having a ‘single ”’ pair of driv-
ing wheels, 7 feet 4 inches diameter, cylinders 18 by
26 and steam pressure 160 pounds. Two years later,
1889, he designed a still larger class (see Fig. 84,
having cylinders 183 X 26, and 7 feet 6 inches
wheels.

Total heating surface .. .. «» o« .. 1,2408q.ft.

Pressure of steam.. . e ee +. 1601bs.
‘Weight on driving wheelu A 17} tons.
‘Weight of engine in average workmg order 43 tons.
‘Weight of tender.. .. e ee a. 30,

Total .. «¢ o+« .. 73 tons.
Tender, water capacity .. +o oo .. 3,260 gallons.

Numbers of the “Single” engines are running be-
tween London and Leeds, London and Nottingham, and
Liverpool to Marple, also between Bristol and Derby.
The fact that engines of this type are working the
main line express trains over the London line, having
severe gradients (see Fig. 85)—for instance, Irchester
and Sharnbrook of 1 in 120—at high speed, and upon
a coal consumption of 28 to 32 pounds per mile, is the
most convincing proof of their great efficiency.

Considering the loads, speed, and gradients, the work
which has to be performed between London and
Leicester is as hard or harder than any locomotive work
in the country. Leaving London, the line rises for
about 12 miles to Klstree, thence followed by a fall of
1in 200 for about two miles to Radlett, when the
rise continues to Leagrave. The engine, therefore, has
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164 DEVELOPMENT OF THE LOCOMOTIVE,

practically a constant pull up 1 in 176, and 1 in 200,
until it has run 33 miles, when the line falls to Bed-
ford upon gradients of 1 in 200, and speed has to be
reduced to 15 miles an hour passing that station, which
is a bad beginning for the rise to Sharnbrook summit,
which is the top of both the Sharnbrook and Irchester
Banks, of 1 in 120. Having run down to Welling-
borough, the up-hill work continues past Kettering to
the Desborough North Box, which is at the summit of
two banks, of 1 in 132, and from Market Harborough
up-hill work follows to the summit at Kibworth North
Box, thence (with the exception of a dip at Glen) the
line falls to Leicester. It will thus be seen that there
are long lengths of 176, 120, 132, and at Kibworth a
short length of 1 in 100. The Scotch trains now
perform the distance, 99} miles, with a load of 10}
coaches, in 115 minutes.

The Nottingham expresses are allowed 80 minutes
between Kentish Town and Kettering, 704 miles, or
an average from start to stop of nearly 53 miles an
hour; and when riding in the trains the writer has
very frequently timed the run’in less than 78 minutes,
and upon no occasion has he been a passenger when
one of these engines has ever lost any time.

The ‘¢ Greater Britain,” designed and constructed
by Mr. Webb at Crewe, ran its first tmp on the 4th
November, 1891. ,

The general principle of the design of ‘the “ Gireater
Bnt.am " is identical with the other compounds. The
high-pressure cylinders are 15 inches diameter, and-
the low-pressure cylinder is 30 inches diameter, the
stroke in each case being 24 inches. As far as tractive -
force is concerned, the engine is said to be equivalent
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to a non-compound locomotive having a pair of 21-
inch cylinders with a 2-feet stroke, the driving wheels
being 7 feet 1 inch diameter.

The special feature in the “ Greater Britain ” is the
design of the boiler, which has been made with a very
long barrel to allow of both driving-axles being placed
under it. The tubes are divided into two lengths by
a combustion chamber, those extending from the fire-
box to the combustion chamber being 5 feet 10 inches
long between tube-plates, while those forming the front
group are 10 feet 1 inch long.

Fig. 86.—Mr. Webb's Compound Engine, ¢ Greater Britain,*

built 1891.
Heating surface of firebox .. .. .. .. 1206 sq. ft.
” »» cumhustlon chamber . 391 ,, ,,
’» C g tubes S)ront) .. ..o 8830, ,
» » tubes (back) e .. 492:0 ,, o,
Total .. .. .. ..1,605°7sq. ft.
Pressure of steam .. .. .. .. .. 1751bs. per sq.inch.

‘Weight of engine in workmg order .. 52 tons 2 cwts.
Weight of tender .. .. o2,

Total .. .. .. .. 77 tons2owt.
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Sufficient time has not yet elapsed for this engine to
prove her cost of maintenance ; but, so far, facts appear
to show that the difficulties which attend “ compound ”
express engines have not yet been successfully over-
come. ‘

The following particulars of the London and North-
Western route show the gradients over which the
engines work.

Leaving Euston the line passes under the Hamp-
stead Road and immediately commences to rise upon
gradients of 1in 66, 1 in 110, 1in 132, and 1 in 75
to Camden. Having once overcome the Euston incline,
the engine has before it a splendid run to Crewe.
There are summits at Tring, Blisworth, Kilsby, Ather-
stone, and Whitmore; but with the exception of the
rise near Whitmore, the engines upon either the up or
down journey have practically to work throughout
upon gradients of not more than 1 in 330, or 16 feet
per mile.

North of Crewe the gradients become more severe
until, upon passing the 243rd mile-post, the engine
commences to ascend long and severe gradients, and
from Tebay to Shap-summit, a ‘bank engine” is
employed to assist the trains up the incline of 1 in 75,
after which the line fulls to Carlisle.

The most severe gradient is 1 in 75 going north, and
1 in 95 between Carlisle and Shap travelling south.
It is under consideration to make a tunnel and new
line under Shap-summit. If this plan be carried out,
both these severe gradients will be avoided.

During the year 1891, and early part of 1892, thirty
new express engines were built at the Swindon works
of the Great Western Railway from the designs of Mr.
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William Dean, to take the place of the broad gauge
engines on the 23rd May, 1892.

The new englnes are numbered from 3,001 to 3,030,
and run upon six wheels, have double frames, a single
pair of driving wheels, 7 feet 8 inches diameter, and &
pair of inside cylinders no less than 20 inches
diameter (Fig. 87).

Fig. 87.—Mr. Dean’s Design of 1891.

The chief dimensions of these splendid locomotives
being as follows:—

Diameter of cylinders .. . .. 20ins.
Length of stroke .. . o 24,
Diameter of driving wheels . .. 7ft.8ins.

The tractive force exerted for each pound of effective
steam pressure per square inch in the cylinders being,
therefore, thus—

20 x 20 x 24

R 04-347

The steam pressure carried being 160 1bs. per square
inch, and the weight available for adhesion 19 tons,
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it follows that the engines are capable of performing
fast and very heavy work. The boilers of these new
engines are provided with a dome, an advantage
which the old engines (Figs. 44 and 54) did not have.
Distance a; between centres of cylinders ., 2 ft. 3 ins.

Length of boiler between the tube plates .. 11 ft. 9
Mean diameter of telescopic boiler inside .. 4 ft. 1}4 ins.

Number of tubes . .. s 246
Diameter of tubee (outmde) . .. oo 1% ins.
Pressure of steam . . .. os 160 Ibs.

Heating surface of tnbes . . os  1,321°04 aq. ft,
Heating surface of fire-box . . e 12388, ,,

1,444'92,, ,,

Area of fire-grate ., . . . oo 20:88q. ft.
Length of wheel-base ., . . .o 18ft. 6 ins,

Woeight of engine in working order—

On leading wheels .. . .. 13 tons 4 cwts.
On driving wheels ., . . 19 ,, 0
On trailing wheels ., . .. 11 , 18 ,,
Total 44 ,, 2 ,,
‘Weight of tender full . . 32, 0,
Grand total, engine and tender .. 76 ,, 2,,

The tender runs upon six wheels, and carries 24 tons
of coal, and 3,000 gallons, or 13 tons 7 cwts. and 96
lbs., of water,

It is an admitted fact that the ¢ battle of the
gauges’’ has ended completely in favour of the narrow
gauge ; however, now the Great Western Company
has made the change, it has given proof that it intends
to have some of the finest narrow-gauge express engines
that can be constructed. When we see the fine new
engines which Mr. Dean has built for the 4 feet
8} inch gauge, we cannot help feeling great rogret



GREAT WESTERN GRADIENTS. 169

that Mr. Brunel did not devote his great skill and
energy to the perfecting of the narrow-gauge engine,
instead of introducing a wide gauge which has now had
to be removed.

The gradients upon the Great Western Railway
between London and Bristol are, with two exceptions,
extremely favourable.

Leaving Paddington the line rises very gradually for
about 11 miles to near Hayes, thence there is a decline
of one in 1,716 ; from West Drayton to Swindon there
is a very gradual rise, but the gradients are only about
11in 1,320, 1 in 660 being the most severe.

Near to Dauntsey, there is about 1} miles of 1 in
100. and through Box Tunnel the gradient is also 1 in
100, these inclines in both cases being against the up
trains. From Box to Bristol the line falls upon easy
gradients.

The rise of 1 in 100 through Box Tunnel has often
been described as the béfe noire of engine drivers ; how-
ever, it is not likely that they will be much troubled
by engines “slipping ” when the driving wheels
carry 19 tons and are provided with a good supply
of sand.

These new engines speedily proved beyond question
that the broad gauge was a mistake, and that whatever
could be done upon the wide gauge could be equally
well done upon the 4 ft. 84 in. gauge.

Messrs. Sharp, Stewart & Co., of the Atlas Works,
Glasgow, in 1892 placed twenty new bogie express
engines upon the Midland Railway, built from Mr.
Johnson’s designs, Nos. 2,183 to 2,202; they have
cylinders 18} by 26, 7-feet driving wheels, 4 coupled,
and a steam pressure of 160 lbs. per square inch;
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they are also provided with the apparatus for warm.
ing the carriages by hot water, now adopted by the
Midland ; and for working local passenger traffic upon
the same line a number of “bogie’ tank engines
have been built, having four coupled wheels of 5 feet
3 inches, cylinders 18 by 24, and a pressure of 150 lbs.

The Great Southern and Western Railway Company
of Ireland owns the main line extending from the
Kingsbridge station, Dublin, to Queenstown, the
distance being 177} miles; and it is by this route
that passengers and mails are conveyed to and from
Queenstown in connection with the American liners.

The gauge of the Irish railways is 5 ft. 3 ins.

For many years past the Great Southern and Wes-
tern Company has built all its engines and rolling
stock at its Inchicore Works, near Dublin.

The express engines in 1896 had inside cylinders, a
leading bogie, and four coupled wheels,

4

ins.
Diameter of cylinders .. . . . 18
Length of stroke .. . . . 24
Diameter of coupled wheels . . o 6
Diameter of boiler . .o . . 3
Length of boiler barrel .. . .

Diameter of tubes (outside)

Length of tubes between tube plntes

Length of fire-box
‘Width of fire-box .
Hoeight of fire-box above grate

Pressure of steam . .
Number of tubes .. . .

L
CwhocorROOR
©

150 1bs. per 8q. in.
. . 204

Heating surface of fire-box .. e oo 112 8q. ft

Heating surface of tubes . . .. 938 ,,
Total .. 1,060 ,,

Area of fire-grate o ee e L I
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Weight of engine in working order—

tous, cwt.
On bogie wheels .o . .. . 13 11
On driving wheels . . . . 12 17
On trailing wheels .. o . . 12 16
Total .e .o *39 4
) WGight of tender loaded .o e .o 28 6

Grand total . . 67 10

The leading bogie is of the American swing-link
pattern. The boiler and frame plates are of steel, and
the motion plate is cast steel ; the two cylinders are
cast together in one piece, and have the back coversand
air passages for the vacuum brake cast in ; these pas-
sages being in communication with the ejector, which
is placed in the smoke-box, in front of the blast-pipe.

The bearings of the small ends of the connecting-
rods are iron, case-hardened, working on a case-
hardened pin, this being the universal system of «little
end ”’ in use on the line. The four eccentric sheaves
are cast in two pieces and put on the axle with four
bolts ; no keys are used, but a small dowel secures the
correct position of the sheaves.

The tender runs on six wheels, and carries 2,700
gallons of water and four tons of coal.

The actual working upon the American mail and
express trains between Dublin and Queenstown is as
follows :—

On weekdays the mail starts from Dublin at 7.40
A.M., and arrives at Queenstown at 12.15 p.M. The
time on the journey of 177} miles is, therefore, 4 hours
35 minutes, of which, however, 18 minutes are allowed
at stations ; the average speed, including stoppages, is
therefore 4216 miles an hour, which is found to mean
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an average running speed of 45 to 50 miles an hour.
On Sunday the mail is run at a somewhat higher speed.
The average load is equal to 9} six-wheeled coaches.

tons. owt.
‘Weight of engine and tender .. . . 67 10
‘Weight of 9§ coaches .. . . e 120 0

—

Total weight of train .., ., 187 10

The consumption of South Wales steam coal is from
24 1b. to 26 Ib. per mile with this load. The weight of
train frequently exceeds this average, and the engines
are capable of working fifteen to eighteen vehicles
without difficulty.

The gradients are not considered severe, with the ex-
ception of the incline at Cork of 1 in 60, and at Dublin
of 1in 85. There are, however, several short lengths
of 1 in 172, 180, 128, 140, and 151. :

The 75 class of engines for the Great North of
Scotland Railway have been constructed by Messrs.
R. Stephenson & Co., and are required to run 4,000
miles consecutively without showing any defects in
material or workmanship, and they completed this
mileage to the entire satisfaction of the Great North
of Scotland Railway Company,

The engines are eight-wheeled, there being two
pairs of coupled wheels 6ft. 63 in. diameter and a four-
wheeled bogie at the leading end, the bogie wheels
being 3 ft. 94in. diameter. The engines have inside
cylinders 18in. in diameter and 26 in. stroke, the
cylinders being cast together in one piece, the slide
valves being placed on the top of the cylinders, and
driven by a link motion and rocking levers. Thisisa
very neat arrangement, designed by Mr. Manson, and
has given every satisfaction. The engines are fitted
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with balanced slide valves, also designed by Mr. Manson.
The pressure on the back of the valve is relieved by a
ring, which is held up to the casing door by a light
tripod spring.

This arrangement greatly reduces the wear and tear
of the valves and gear, and since adopted on the Great
North of Scotland Railway, engines have run 100,000
train miles, the wear of the slide valves being only % in.

The bogie is provided with the ordinary swinging
arrangement, which enables the engine to pass round
curves with perfect steadiness. The main frames,
which are of steel, are set in at the front end to give
sufficient clearance for the bogie wheels. The wheels
are of wrought iron, and the coupled wheels have the
balance weights forged solid.

The boiler barrel and fire-box casing are of best
Yorkshire iron, the internal fire-box and tubes being
of copper. There are 1,087 square feet of heating
surface in the tubes, and 106 square feetin the fire-
box, giving a total heating surface of 1,193 square
feet. The grate surface is 18 square feet ; the fire-box
is fitted with sixteen copper air tubes, 3 in, external
diameter, No. 7 w.g. thick, in two rows of eight in
front and back, for conducting streams of air into the
fire-box. This arrangement has been successfully used
on the Great North of Scotland Railway for upwards
of thirty years.

The tender is carried on eight wheels, the four hind
wheels being connected to the main frame of the
tender, and the four front wheels are connected to a
bogie of the same design and construction as the
engine bogie. The tank carries 3,000 gallons of water
and about three tons of coal. The weight of the
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tender when loaded with coal and water is 36 tons.
These tenders are remarkable as being the only ones
running on a bogie in this country.

The Great Eastern Railway Company has just placed
upon its line some powerful six wheels coupled tank
engines, designed by Mr. James Holden, to work the
very heavy suburban passenger traffic to and from
Liverpool Street. In order to ascertain the work done,
the author has ridden with some of the trains, and
finds that the booked time from Liverpool Street to
Enfield is 40 minutes, the distance 10§ miles with 16
stops. If each stop averages one minute, including
stopping and starting, the actual running time is only
24 minutes, equal to a speed of 27 miles per hour.
This, it must be remembered, includes no allowance for
speed orders, stoppages or slowages due to adverse
signale, &. These trains average 156 carriages, with a
gross load of 250 tons.

The cylinders are 16} inches diameter, the stroke
22 inches, and the coupled wheels 4 feet diameter,
the tractive force being therefore—

166 X 16'6 X 22

ey = 1247 1bs.
Total heating sm-face . o e 969 sq. ft.
Grate area . .. . . 12-4 8q. ft.
Weight of engine in working order—

On the leading wheels ., oo . 12 7 Y

yp drivig , .. .. .. 13 13 0
» trailing e .. .. 1319 38
Total .., 40 0 0
Capacity of tanks .e . .. 1,000 gallons.

These engines are working most satisfactorily, and
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have considerably reduced the consumption of coal per
mile.

For shunting purposes, and for working small branch
lines, tank engines are usually employed.

Fig. 88.—Kour-wheeled Shunting Engine.

Fig. 88 illustrates a four-wheeled engine of the
standard type manufactured by Messrs. Black, Haw-
thorn and Co., of Gateshead ; and Fig. 89 illustrates a
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more powerful engine which runs on six wheels, built
by the same firm. The dimensions are varied in
accordance with the work required, but most generally

Fig. 89.— Six-wheeled Shunting Engine.

the cylinders are about 15 inches diameter, and the
stroke about 20 inches, the coupled wheels being 3 feet
diameter. A small but at the same time a useful and
very powerful engine-is thus obtained.



CHAPTER V.
IMPORTANT DEVELOPMENTS.

Tue Great Western Company s thirty engines, Nos.
3,001 to 3,030, illustrated in Fig. 87, p. 167, were
gradually sent to the Swindon works to have a four-
wheel leading bogie placed in front, to supersede the pair
of leading wheels, and at the same time the cylinders
were reduced from 20 inches to 19 inches diameter.

Mr. Dean also designed and constructed at Swin-
don the “Achilles ”” class, of which there are thirty
examples, No. 3,031 being the first (Fig. 90). The
dimensions are as follows :—

Diameter of cylinders . . e 19in,

Length of stroke .. . v 24 in,
Diameter of driving wheels . oo 7ft.8in.
Heating surface of tubes .. . oo 1,434 sq, ft.
” 9 »» fire-box .o . 127 4y o
Total ., . 1,861 ,, ,,
 Area of fire-grate .. . .. 208 sq. ft.
Boiler pressure e« 160 1bs. per sq. in.
ota%ht on driving wheels . .. 18 tons.
weight of engine . .. 49
» 9 tender .o «s 32 tons 10 owta.

Grand total in working order .. 81 tons 10 owts.

These engines are giving very satisfactory results
upon the heaviest and fastest main line trains between
N
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London, Bristol, and Newton Abbot, and their coal
consumption is found to be between 31 and 33 lbs. per
mile with these trains.

Mr. Dean, in 1894, placed the “ Armstrong” class
upon the Great Western Railway (Fig. 91).

Diameter of cylinders  ,, . . oo 20in,
of stroke .. .o .o s 26 F3
Diameter of coupled wheels . Tt
The tractive force exerted for each pound of effective
steam pressure per square inch in the cylinders being
thus:
20 X 20 X 26

84

The valves are placed under the cylinders and are
worked by link motion. The steam pressure being
160 1bs. per square inch, and the weight available for
adhesion, 31 tons 10 cwt., it follows that the engines
are capable of performing fast and very heavy work.

The boiler has 1,561 square feet of heating surface,
and is the same design as that used in the ¢ Achilles”
type.

The weight in working order of No. 7 is thus:—

On first bogie wheels .. . .. 9 tons 13 cwta.
»» 8econd bogie wheels . e 9, 13,
sy driving wheels .. ‘e . 16 4, 18 ,,
” trm]mg wheels .e e o 15 ” 12 ’”

'otal e . e b0 tons 16 cwts,
Weightoftender . . 32 ,, 10 ,

Grand total .o oo 83 tons 6 owta.
A comparison of Figs. 90 and 91 will show that the
two types are very similar, but with the important

exception that the latter are ‘“coupled” engines, and
have larger cylinders.

= 123-8 1bs.
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For working the West of England expresses over
the heavy gradients in. the Cornwall district, Mr.
Dean has recently constructed some powerful coupled
bogie engines, with small driving wheels of 5 ft. 8 in.
diameter ; this class is similar to * Pendennis Castle,”
No. 3,253, and is giving very good results. The
American extension front, or smoke-box, is found very
satisfactory in preventing the throwing of sparks.

The 1620 type of express engines upon the North-
Eastern Railway, designed by Mr. Wilson Worsdell,
are doing some remarkably good work. They have
cylinders 19 by 26 ins., four coupled wheels 7 feet
diameter, a leading bogie, boiler pressure 180 lbs. per
square inch, and piston valves.

At a brake trial which the Author attended, in 1895,
one of these engines, No. 1,621, worked the trial train,
which consisted of no less than thirty six-wheeled
ocoaches, and during the recent “race to Aberdeen”
No. 1,621 ran from York to Newcastle, 80} miles, in
79 minutes; and No. 1,620 ran from Newcastle to
Edinburgh, 124} miles, at an average speed of 66 miles
an hour throughout.

All Mr. Worsdell’s engines continue to be provided
with a comfortable “cab,”” and it is a matter for
regret that these are not yet being adopted for en-
gines on other lines.

The Glasgow and South-Western express engines—
as shown in Fig. 69, p. 122—had no dome on the
boiler ; the Company has now improved the efficiency
of its engines by adopting the use of a steam dome.

The Midland Railway Company, at the Derby works
has continued to build “ Single "’ express engines very
similar to but larger than that shown, Fig. 84 (p. 161),
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as well as coupled engines, with wheels of 6 feet
9 inches and also 7 feet diameter for the most severe
gradients.

At Crewe, the London and North-Western has con-
structed more engines of the “ Greater Britain ” design
(Fig. 86, p. 165). This Company’s engines have for
many years been constructed with a leading pair of
wheels, and radial axle boxes, but at the present time
the subject is engaging attention, and the investigation
will probably lead to a change, as there can be
no question that a four-wheeled leading bogie is far
more safe and efficient than any system of radial axle.

In the previous edition of this work, the dimensions
were given of the large “ Winby” engine, specially
designed for exhibition at Chicago in 1893, which
naturally engaged much attention in America. When
put into regular working, however, it failed to supply
sufficient steam to its four cylinders, and for many
vears it was rusting on a siding at Milwaukee.
This result shows that it was very unwise to send the
«“ James Toleman” to America, quite new, without
any experiments being first made in this country.

Messrs. Sharp, Stewart & Co. in 1894 completed an
order for twenty-six bogie passenger engines for the
Midland and Great Northern Joint Railway, which in
construction are very similar to the Midland coupled
engines, but in external appearance they are distin-
guished by being painted yellow. They were designed
by Mr. 8. W. Johnson, and have cylinders 18} inches X
26 inches, and four coupled wheels of 6 feet 6 inches
diameter, and are doing very good work between Lynn,
Cromer, and Yarmouth. These engines form one of the
very few instances of locomeotives being the joint pro-
perty of two companies.
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The latest construction of tank engine for working
through the Mersey Tunnel has outside cylinders 19}
inches X 26 inches, and 6 coupled wheels of 4 feet:
7 inches diameter, and also a small pair of wheels with
radial axle boxes at each end of the engine.

The heavy passenger traffic on the North London
Railway is worked by tank engines having a leading
bogie, four coupled wheels, and outside cylinders; the
No. 72 type designed by Mr. Pryce have cylinders
17} inches X 24 inches, coupled wheels 5 feet 6 inches,
and a total weight in working order of 46 tons.

The new engines for working the very heavy summer
coast traffic on the Cambrian Railways have been
designed by Mr. Aston, locometive superintendent,
and were constructed by Messrs. Sharp, Stewart & Co.
They have a leading bogie, and four coupled wheels
of 6 feet diameter, the cylinders being 18 inches X
24 inches. The gradients between Whitchurch and
Aberystwith are very severe, and necessltate the use of
comparatively small wheels.

During the “race to Aberdeen,” the Caledonian
coupled bogie engines designed by Mr. Drummond,
and also by Mr. Lambie, have worked the West Coast
trains with very marked success; they have cylinders
18 inches X 26 inches, and 6 feet 6 inches coupled
wheels, the steam pressure being 150 1bs.

The late Mr. P. Stirling, at Doncaster, in 1895
built six more engines of his 8 feet design (Fig. 78,
p. 138).

The last of these have cylinders 194 in. x 28 in.,
and a boiler pressure of 175 lbs. The object in con-
structing these engines of such great power was to avoid







Fig. 92.—Bogie
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the use of a second engine on any train, and to provide
power for any future race to Scotland, it being under-
stood in 1895 that there would be a continuation of the
“racing '’ in the summer of 1896,

The Highland Railway Company introduced the use
of what in America is known as the ten-wheeled engine,
having a leading bogey and six coupled wheels; these
engines are found to convey the heavy passenger
summer traffic over the most severe gradients with
great success.

The London, Brighton, and South Coast Company
in 1895 turned out at the Brighton works three new
leading bogie express engines, built from the designs
of Mr. R. J. Billinton, locomotive superintendent. They
have cylinders 18 inches X 26 inches, coupled wheels
of 6 feet 9 inches diameter, and a pressure of 160 1bs.
(see Fig. 92). The business men who reside at
Brighton are constantly asking for trains to and from
London to perform the journey in an hour, and the
new engines would have no difficulty in doing the
work.

The Manchester, Sheffield, and Lincolnshire Com-
pany has placed some large coupled bogie engines on
its line with 7 feet wheels and 170 lbs. pressure. They
have been designed by Mr. Harry Pollitt.

The Midland Company constructed ten very large
“gingle ”’ engines for the Scotch traffic, the cylinders
of which are 19} inches X 26 inches, wheels 7 feet 93
inches. No. 2601 is named  Princess of Wales.”



CIIAPTER VL
EIGHT-WHEELED COUPLED GOODS ENGINES.

For some time past it has been apparent that, with
increased working expenses, some important step will
have to be taken in order to increase the receipts per
mile, especially of mineral trains.

Many of the railways are so crowded with passonger
traffic that it is only by running coal trains at a high
speed that they can be ¢ got along at all.” Long
lengths of goods lines have been within the past few
years opened, and the question of increasing the length
and reducing the speed of coal trains to London must
very soon be seriously considered. In order that coal
traffic can be made to -properly ¢ pay,” it should be
conveyed in train loads of fifty waggons.

Messrs. Sharp, Stewart & Co., during the year 1889,
placed two very powerful mineral engines upon the
Barry Railway, the working of which has been care-
fully watched and proves highly satisfactory.

These engines run upon eight coupled wheels and
have outside cylinders, and are of very considerable

power.
Diameter of cylinders . . . 20 ins,
Length of stroke .. . .o . 26 ,,

Eight coupled wheels - . e 91t 3
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Total wheel-base .. .o oo .. 151ft. 5 ins.
The front axle has } in. side play;

The hind axle has £ in. sideplay ; and

The driving wheels are without flanges.

Total heating surface . . .o 1,410 sq. ft.
Area of fire-grate .. . . . 226,
"Weight of engine in working order without
tender .. . . . . 49 tons.

From personal experience, the author can testify to
the efficient manner in which these engines do their
work, and it may be added that they are remarkably
like the American well-known ¢ Camel ” class which
for years has done such good work in America.

To Messrs. Sharp thus belongs the credit of intro-
ducing in this country the eight coupled engine with
outside cylinders, and to Mr. F. W. Webb, of Crewe,
in 1892, belongs the credit of introducing another
eight coupled design having inside cylinders.

This new engine runs upon eight coupled wheels and
has two inside cylinders. The boileris of great length,
being similar to that of ¢ Greater Britain,” illustrated
Fig. 86, the tubes being divided into two lengths by a
combustion chamber, those extending from the fire-box
to the combustion chamber being 4 feet 10 inches long
between tube plates, and those forming the front group
being 8 feet 1 inch long between tube plates. The
cylinders, which are inside, are 194 inches diameter by
24 inches stroke, the valves being on the top and
worked with Joy’s gear. The springs on the first three
pairs of wheels are connected together by equalising
links, the trailing pair having an ordinary cross spring.
The leading and trailing wheels have 4 inch side play,
which gives greater facility for running round curves.
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Below are given a few leading particulars :—
Cylinders—19} in. diameter by 24 in. stroke.

Diameter of wheels with 3-in. tires
Distance between centres of wheels
Total wheel base . .e

Boiler— of
fire-box umn
Diameter of barrel (mean;
Number of tubes—156
Diameter of tubes .
Pressure of steam .

e rabor

Combustion chamber ..
Tubes $Mnt) . .
Tubes baok) .o .o
Total .o

Grate area

. . 4 6
.o L1 6 ’
7 3

e oo 156 86

. . 6 10

. . 4 3
0

160 Ibs. per sq. nﬁ

o 1147

. 391

.. 683

. 4085

.. 1,245:3 aq. ft.

20-5 eq. ft.

Ratio of ﬂn-gntonnto heahnglurh.oo 1to0 606

‘Weight of engine in working order—

Leading wheels .. .
Driving " oo .
Intermediate,, .. .
Tr&llms ” .o .

Total .

Tons. owts. qrs.
.o 11 18 o
. 12 14 0
.o 11 13 o
.o 10 16 3
e 46 16 3

Weight of tender in working order, 25 tons.

The tractive co-efficient is 172. The leading and
trailing wheels have a certain amount of side play,
so as to give greater facility for running round
curves, though the total wheel base is not more than
other engines which have not the same side play.
The coupling-rod from wheel to wheel is complete in
itself, and all of them are so arranged as to be inter-
changeable. The driving-axle has two bearings as
usual, nine inches long, and in addition a central
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frame and central bearing to withstand the great stress
placed upon it. The total bearing surface for the
driving-axle is 234 square inches.

Engines with eight coupled wheels are, of course,
very common in America, but Mr. Webb’s new design
is the first eight coupled with ¢nside cylinders that has
been built in this country, certainly during the past
sixty years. The first of these powerful mineral
engines is giving the greatest satisfaction on the
London and North-Western Railway, and there is
every reason to believe that it will continue to do so,
as it has large cylinders, high steam pressure, and is
non-compound. Mr. Webb has built other engines
of the same pattern, but compound, in order to test
the two designs in daily traffic. Both have given good
vesults with trains of sixty waggons of coal.



CHAPTER VII
NOTES ON AMERICAN ENGINES.

Tae Exhibition at Chicago in 1893 not only formed
the greatest collection of locomotives which had ever
been made, but included examples of engines from
which English engineers might learn some useful
lessons. It will long be remembered in locomotive his-
tory on account of the very complete record—forming
an exhibit as remarkable for its vast extent as for the
interest of its details—which was placed in the Trans-
portation Department of the Exhibition, showing the
history and development of the locomotive, step by
step, in every ocountry in the world. Numerous
modern engines were there as parts of the exhibit,
while older and disused forms of the locomotive were
represented either by full-sized models or by diagrams,
of which there were a very great number. Some idea
may be formed of the number of these diagrams when
it is mentioned that the author, acting simply as a re-
presentative for Great Britain, was able to forward a
collection of over one thousand photographs, working
drawings, or other illustrations of engines constructed
for railways in this country.

One interesting relic in the Exhibition was the
old engine named “Stevens” when constructed, but
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re-named ‘“ John Bull >’ immediately upon its arrival
in America—which as long ago as 1831 was built by
R. Stephenson & Co., of Newcastle-upon-Tyne, and
forwarded to the Camden and Amboy Railroad. This
old engine (Fig. 93) has been so well preserved that
at the commencement of the Exhibition it ran in steam
with its train from New York to Chicago, a distance
of 913 miles.

Turning now to the engines in daily use in the
United States, the first thing to strike the mind of

Fig. 93.—Stevens ( “ John Bull ’ ) as at Chicago Exhibition, 1893.

an Englishman is the immense size of the American
engines, the great height to the top of the chimney,
the height of the centre line of the boiler, and the
diameter of the boiler, and the high pressure carried,
usually 180 Ibs. per square inch.

The standard American passenger engine has a lead-
ing bogie, four coupled wheels, outside cylinders,
and the usual bar-framing—this is known as the
“ American Type,” and is very clearly illustrated by
the celebrated “999 " (Nine-ninety-nine), Fig. 94.
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No. “999” is ome of the class designed by Mr.
Buchanan, Locomotive Superintendent of the New
York Central, and constructed at the West Albany
shops of the Company for working the Empire State
Express traffic, and the author is indebted to the offi-
cials for the photograph from which Fig. 94 is
engraved, and also for the following details :—

No. 999.
Oylmdm'l .o

Dmmster of dnvmg-wheels outside of

Diameter of engine ‘truck wheels

Springs, len, of driver, oentre
centre of han, %:," . .
Total length of boiler .. .
Diameter of first ring outmde .
8Size of fire-box .. .
Tubes, 268 . . .
Heatmg surface in tubes .o
’ fire-box .o
Total hoatmg surface .. .
Grate surface .o . .

%?&i:t v kingmrder. .

in wor ol .

W::ght on drivers o .

Driving-wheel base .o

Weight of tender loaded

Total weight of engine and tender
Total length of engine

Extreme height m!.'a;.llstotop.
stack

Fromraﬂstooentmhneofboiler
Boiler pressure .. .

.o
X}
oo
(X3
X3

.o
e

19 in. X 24 in,

7 ft. 2 in.
40 in.

44 in.

26 ft X 4% in.
58 in. }
1084 in. X 40% in.
2:1* dia., 12 ft. long.
1,697 45 ft.
232‘92 8q.
1,930-37 &q. ft.
307 sq. ft
16} in.

124,000 1bs.
84,000 lbs.
8 ft. 6 in,
80,000 1bs.
204,000 1bs.
39 ft. 64 in.

14 ft. 10 in.
8 ft. 11} in.
180 1bs. per sq. in.

The engine is fitted with the Westinghouse auto-
matic quick-acting brake, and has brake blocks applied
to every wheel, including the leading bogie.

For a long distance journey it is interesting to note
the working of the Empire State express on the New
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York Central road, which leaves New York at 8.30 a.m.,
and arrives at Buffalo at 5.10 p.m.—a distance of 440
miles in eight hours and forty minutes, including four
stoppages. The same train makes the long run with-
out a stop of 143 miles. Although extremely heavy,
and requiring some very hard locomotive work, it was
found by the author to keep most perfect time, cover-
ing many miles in exactly forty-four seconds each, and
a speed of over eighty miles an hour was maintained
for ten and twelve miles together, and the engine was
not being forced to the top of its speed.

On the 11th September, 1895, in consequence of
the fast running in England, a special express ran as
follows :—

Tom or THE Runx coMprrEp ¥roM THE MINUTES or THE OFFIcIAL
TiuexeErRRs, Messrs. ANGUS SiNcrarr, Proressor P. H.
DupLEY, aND A. G. LEONARD.

New York to Albany.

h, . 8.
Left New York, Grand Central Station.. 5 40 30 st
Arrived at Albany.. .. .. .. 7 54 66 .

143 miles in 134 min. 25 sec.—63:83 miles per hour, Stopped at
Albany, changing engines, 1 min. 36 sec.

Albany to Syracuse.
h. m. s
Left Alban .o .o e o 7 66 456 a.x.
Arrived at Syracuse . . e 3 17 10 ,
148 miles in 140 min. 25 sec.—63°23 miles per hour. Stopped at
Syracure, changing engines, 2 min. 25 sec.
Syracuse to East Buffalo.
Left, Syracuse 10 15 % ax
Arrived at East Buffalo .. .. .. 12 32 267
145} miles in 132 min. 51 sec.—65-61 miles per hour,
436} miles in 411 min. 41 seo., including two stops, 4 min.—63-61
wiles hour.
436fe;1ilu in 407 min. 41 sec., exclusive of stops—64:24 miles
per hour.
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The train was made up of four cars, weighed
361,000 1lbs, (including passengers and supplies), and
had a carrying capacity of 218 passengers. Including
the engine and tender, the train was 337 ft. long, and
weighed 565,000 lbs. The engines used on this
run were: New York to Albany, No. 870; Albany
to Syracuse, No. 999; Syracuse to East Buffalo,
No. 908.

When in America in 1893 the Author rode upon
engines of the Philadelphia and Reading Railroad,
built at the celebrated Baldwin Works. They are
known as the “ Double-ender type,” from the fact that
they have a pair of small wheels at each end of the
frame ; they are of the four-cylinder compound prin-
ciple of Mr. Vauclain of the Baldwin Works, the high
and low pressure cylinders being placed in pairs on
each side of the engine, which is a very great advan-
tage over the three-cylinder pattern of engine.

Atlantic City is, of course, as all the world knows,
the seaside resort more especially of the inhabitants of
Philadelphia, and is 55} miles distant from the Camden
station of that city, and vast numbers of business men
require to travel daily to Philadelphia and back. - For
their accommodation an express train leaves Atlantio
City at 7.45 a.M., and is due at Camden in exactly an
hour, and to return at 4.10 p.M., arriving back at the
seaside at 5.10 .M.,

To start and stop, run 554 miles in one hour, and
convey loads of either seven, eight, or nine heavy
American cars completely filled with passengers is a
kind of locomotive work not to be found in England ;
yet when riding on thc cngines the author timed ten

o
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miles together at a speed of eighty miles an hour, and
# few miles at 818 in the hour.

Ordinary passenger trains in our own country do not
require the construotion of engines with more than four
coupled wheels, However, the steepness of gradient
over many sections of American lines, together with
the immense weight of train, renders it necessary to
employ for some passenger trains vast engines having
a four-wheeled leading bogie and six coupled wheels of
6 feet diameter. This being a development of locomo-
tive power which the Author had not previously been
able to personally examine, it naturully engaged his
careful attention, and he was glad to have the oppor-
tunity, when visiting the celebrated Baldwin Works,
of observing several of the engines in course of con-
struction. He was able also to watch their working
when travelling on the foot-plate.

When visiting the shops of the Pennsylvania Rail-
road at Altoona, in 1893, the Author witnessed the
commencement of six large express engines known as
desigu P, No. 1,659 class. They have a leading bogie,
four coupled wheels of 6 feet 6 inches in diameter,
cylinders 19 inches X 24 inches (placed outside), and a
boiler pressure of 175 1lbs. per square inch. The boiler
is no less than 4 feet 9 inches in diameter, and the
height of the engine from the rail to top of chimney
is 15 feet.

Since that time still larger engines have been built
with 7-feet wheels and 180 lbs. pressure. It is not
surprising to learn that engines of such size and power
are working the Pennsylvania Company’s heaviest and
fastest trains between New York, Philadelphia, and
Pittsburg with great success.
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The latest American design is No. 385, Philadelphia
and Reading Railroad, built at the Baldwin Works,
Fig. 95.

The engine is & * Vauclain” four-cylinder com-
pound, having a ‘single” pair of 7-feet driving
wheels. Diameter of high-pressure cylinders, 13 in. ;
diameter of low-pressure cylinders, 22 in.; stroke of
both pistons, 26 in. Working pressure of steam, 200
Ib. per square inch.. The weight on the driving wheels
is about 24 tons.

With trains of 430 tons this engine has run a mile
in forty-five seconds, and with a lighter load a speed of
vighty-five miles an hour has been attained. The
height of the engine from the rail to the top of the
chimney is 15 feet. _

The line between Philadelphia and Jersey City is
now laid with rails of 90 and 100 Ib. to the yard, and
most of them are 60 feet in length. With such a good
road there is, of course, no objection to the great
weights being now placed on single-drivers, which a
few years ago would have broken up the track.

From an official report lately received it is shown
that the engine No. 385 was finished at the celebrated
Baldwin Works on the 3rd of July last, and on the
next day it ran an experimental trip to Reading, a
distance of sixty miles, and return, the train being a
light one. As everything appeared to be running cool
and smoothly, the engine was immediately put into the
fastest express service, and on 5th July ran the Royal
Blue Line trains, Philadelphia to Jersey City, New
York, a distance of ninety miles. From that day to
the present the engine has not missed a trip. She
burns four toms (2,000 lbs. to the ton) of small
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anthracite coal, which costs about 2s. 83d. per ton at
the pits. )

An official report recently received states that engine
No. 385 has a total mileage to March 31st, 1896, of
41,532 miles. Fuel consumed, anthracite buckwheat
coal, 1423 tons. Weight of train east-bound, 346,800
Ibs. ; weight of train west-bound, 290,550 lbs. "While
the average speed of this train is about 48 miles per
hour, we have the greater part of this distance main-
tained at a speed greater than 60 miles an hour.

Another engine of the same design, No. 378, has
been constructed at the Baldwin Works for the same
Company, and is now in service.

In concluding this chapter the Author may remark
that it is almost certain his readers will wish for an
answer to the question: ‘“ How is it, or what is the
reason, that these American engines can do the work and
convey the loads which they do?” He can, in reply,
from his own experience of riding upon the foot-plates
for about a thousand miles, express the opinion that
the successful working of the American engines is due
to the large fire-boxes, immense boilers, high pressure
of steam, and large valves, and consequently free
exhaust; and it is, in his opinion, to be hoped that
English engineers will in their new designs do their
best to incorporate these good features in the locomo-
tives of this country. '



CHAPTER VIIL
IMPORTANT LINKS IN LOCOMOTIVE HISTORY.

As already mentioned in previous chapters, the Chicago
Exhibition of 1893, followed by recent discussions in
the engineering and mechanical journals, have brought
to light many important links in locomotive history
which were forgotten, and have finally settled a number
of points which for years past have been regarded as
doubtful.

It is not proposed to discuss the subjects here, in
the small space available, but simply to record matters
of importance.

The invention of the “bogie,” for instance, has been
investigated, and it is found that in the year 1815
“ Puffing Billy” ran on two four-wheeled bogies as
shown in Fig. 8 (p. 17). In August, 1832, Mr. John
B. Jervis, the engineer of the Mohawk and Hudson
Railroad, had an engine built in America for that line,
named ‘“Experiment.” Ithad aregular “four-wheeled ”
leading bogie placed under the smoke-box, and a single
pair of driving wheels placed at the trailing end, and
was without doubt the forerunner of all the bogie
passenger engines of to-day.

The “bar-framing,” which is generally used in the
United States, has by some persons been considered as
an American invention, and others have considered
that it was introduced by Bury. The Delaware and
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Hudson . Canal Company’s diagram, shown at the
Chicago Exhibition, proved that the “ bar-frame ’ was
sent to America early in the year 1828, by Stephenson
and Co., of Newcastle, as illustrated, Fig. 14 of this
volume. '

The question, Which was the first inside cylinder
engine ? is another point which has been fully investi-
gated, and Mr. James Dredge, in his splendid book,
“Transportation Exhibits at Chicago,” states that ““the
¢ Planet ’ of 1830 has the undoubted honour of being
the first inside cylinder engine.” This completely
confirms the opinion of the Author already expressed
in this volume (p. 38).

The descendants of Mr. Edward Bury, of Liverpool,
have produced books and drawings which make the
history of the engines built by that firm very clear.
The first engine built by him at Clarence Foundry was
an outside cylinder engine, the ¢ Dreadnaught,” which
was completed March, 1830, but proved a failure.
However, he lost no time, but with the assistance of
his foreman, Mr. Kennedy, got out working drawings
for a new engine to be named the “ Liverpool.” This
engine, No. 2 in the locomotive order book, and ¢ Class
A” in the description book, was commenced early in
January, 1831; it was completed in March of that
year ; and in May, 1831, it was put to work on the
Petersburg Railroad of America. It is illustrated in
Fig. 96 It had four coupled wheels of 4 ft. 6 in.
diameter.

The third engine built by Mr. Bury—the * Liver ”
(No. 3 in the order book, and “ B * in the description
book)—was for working passenger traffic upon the
Liverpool and Manchester Railway. It had a single
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pair of driving wheels 5 ft. in diameter. It was put
to work at Edge Hill in February, 1832, and in the

Fig. 96, —Bury’s first Inside-cylinder Engine, ¢‘ Liverpool,’’
oorzgl'eted March, 1831 ; sent to America. ’

forty-three weeks in the year 1832 it ran 22,651 miles,
followed by 23,134 miles in the year 1833. The

official drawing of this engine is reproduced in
Fig. 97.

There is no doubt that the *link motion” was a

Fig. 97. —Bury’s first Passenger Engine, ¢ Liver,”” completed
February, 1832. Liverpool and Manchester Railway.

separate invention in England in 1842, and that (as
stated at p. 88) it was introduced by William Howe, and
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fitted to the North Midland Company’s engine, No. 71.
On the other hand, it is now equally certain that the
“ James,” designed and built by W. T. James, of New
York, was the first locomotive in the world fitted with
the link motion. It had a vertical boiler, four wheels
(not coupled), and inclined cylinders driving a spur
wheel shaft directly above the driving axle, and was
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Fig. 98.—¢Vulcan,” 1837. Charles Taylenr & Co.
Great Western Railway, No. 2 .

constructed in 1832, or ten years before the English
invention.

Very considerable attention has recently been given
in the mechanical journals to the early history of the
Great Western Company’s broad gauge engines, and
it is a fortunate circumstance that this Company
possesses & most complete record of details and draw-
ings. The official list of the first twenty engines is
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reproduced in a folding sheet facing p. 73, and the
“ North Star” is illustrated, Fig. 44.

The old official working drawings of the other
engines have lately been published in the Engineer,
and by the courtesy of the editor of that journal are
reproduced here.

The ““ Vulean ”’ (Fig. 98) was from the works of Chas,

Fig. 99.—¢ Premier,”’ 1838. Built by Mather, Dixon & Co.
Great Western Railway, No. 5.

Tayleur and Co., of the Vulcan Foundry, and may be
taken as representing the six engines built for the
Great Western Railway Company by this firm.

The ‘Premier’’ was built by Mather, Dixon, and
Co., and had driving-wheels of 7 feet diameter (see
Fig. 99).

The “Lion ” and its two fellow engines were very
similar in - design and construction to * Sharp’s
Standard,” already shown in Fig. 43.
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Fig. 100 — Lion,” 1838. Sharp, Roberts & Co.
Great Western Railway, No. 7.
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Fig. 101.—¢¢Snake.”” Haigh Foundry Co., 1838.
Great Western Railway, No. 13.
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Two engines, the “Snake” and the Viper,” were
constructed by the Haigh Foundry Company. They
were ordinary engines, and constructed to the firm's
standard patterns. Theyalso had the makers’ well-known
« Haigh Foundry valve gear.” (See Figs. 100, 101.)

The “ Ajax ” (Fig. 102) was built by Mather, Dixon
& Co., and had driving wheels of 8 feet diameter, but they
were of the very peculiar construction shown in Fig. 103.

Fig. 102.— Ajax,” 1838. Mather, Dixon & Co.
Great Western Railway, No. 15.

These wheels had no spokes whatever, but consisted
of two discs of iron plate stayed together in a manner
very similar to the staying of a fire-box.

Then followed two extraordinary engines constructed
upon the patent of Mr. T. E. Harrison, which have
been already described at page 76. One of them, the
“ Hurricane,” is illustrated in Fig. 46. They both
proved failures, and they neither of them ever worked
a regular train. (See also list facing p. 73.)



205

*8e81 ‘AvM[rey wINso A }891Y) oY} I0F ‘00 B UOXI(] ‘TOqIBIY ‘T9OUM ¢ X8IV ,,—'€01 *31, 11

.CONSTRUCTION OF THE ‘‘AJAX ”’ WHEEL.

DL Y I.IIN:\:% W
NOLATS T 22 ZELE Al \8\% “sesr XvrY Yin

]lllﬂﬂllﬂl .-I-l(\.llllll-l“

-H - llldltl.o...lllal =\

— W\ R R I




206 DEVELOPMENT OF THE LOCOMOTIVE,

Attention has been directed in the newspapers to
the engines having 10 feet wheels, and also to those
« geared up.” Investigation has proved that the
“ Thunderer ” was the only “geared” engine, and
that the “ Hurricane ’’ was the only one on the Great
Western with 10 feet wheels. This latter engine was
altered several times, and was known also as ¢ Grass-
hopper ’ and ‘ Ajax,” which fully accounts for the
incorrect report that three engines— Hurricane,”
“ Grrasshopper,” and “Ajax”—all had 10 feet wheels,
the fact being that it was one and the same engine
(see Fig. 46, page 76).

A comparison of Figs. Nos. 46 and 104 will show
that the boilers of the * Thunderer”” and “ Hurricane ”
were similar, but that the engines were of very dif-
ferent construction.

In 1840, the first of the broad gauge 7-feet driving-
wheel engines, built to the designs of Mr. Gooch,
were delivered to the company, and during 1840,
1841, and 1842 no less than 62 engines of this design,
Fig. 105, were constructed. Messrs. Sharp, Roberts,
& Co. sapplied 10 ; Fenton, Murray, & Jackson 20 ;
Longridge & Co. 6; Nasmyth & Co. 16 ; Slaughter
& Co. 2; Jones, Turner, & Evans 6; and Messrs.
Rennie & Co, 2. The dimensions were, driving-wheels
7 feet, cylinders 156 by 18, weight in working order
24 tons 4 cwts.

Fig. 106 illustrates an engine of the Great Western
Company’s, the “ Leopard,” which was built in 1840,
and exploded in 1857. It should, however, be men-
tioned that the accident was not due to any defect in
the boiler, but to the safety-valve, from some cause,
allowing too high a pressure. The illustration is of



=

T e e e o e O
D

L] o o ‘0 ‘e e Jo o

cury

i-n for the Great Western Railway, 1838.
: ' [ To face p. 206.






LARLY GREAT WESTERN ENGINES. 207

Fig. 105.—Mr. Gooch’s Design of Passenger Engine for the Great Western Railway, 1840.

interest as showing the pattern of framing and high
dome fire-box casing which was used in 1840.
Between the years 1847 and 1855 Mr. Gooch placed
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twenty-nine engines of the eight-wheeled type upon
the line, the names of which are given in the list
on page 96, and the design whereof is clearly shown
in Fig. 107.

The first engine of the type was named the * Iron
Duke,” built at Swindon, April, 1847, but the * Lord
of the Isles,” sent tc the Exhibition of 1851, became so

Fig. 106.—* Leopard,” from a photograph taken after an explosion
in 1857.

well known, that the general public, to a considerable
extent, speak of the class as the “ Lord of the Isles
type.”

At the time when the broad gauge was finally
abandoned, in 1892, many of the newspapers made
reference to the *fine old engines which had run over
40 years.”” This was known to be an crror, as the
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Company had built entirely new engines to take the
place of the originals. For instance, the ‘ Great
Western ”” was built in 1846 as a six-wheeled engine,

Isles ”’ class, built at Swindon between 1847 and 1855.

Fig. 107.— Great Western Company's Engines, ¢ Iron Duke *’ or ¢ Lord of the

but was converted to eight wheels, and ran in that

state until 1870 (see Fig. 54, p. 95). An entirely new

“ QGreat Western” was built in 1888, and ran until
P



210 DEVELOPMENT OF THX LOCOMOTIVE.

23rd May, 1892. This fact was conclusively proved
at the Chicago Exhibition, as the two official drawings
—one of 1846, and the other of 1888—were framed
and placed side by side: and in a similar way many
other engines, which have been regarded as o/d, were
perfectly new, and simply bore the name of the former
engines.

In July, 1846, the London and Birmingham Rail-
way Company ceased to exist, and the new London and
North Western Company’s directors ordered that
Bury’s four-wheeled engines were not to be employed
on the express trains between London and Rugby and
Birmingham, and that a number of six or eight-
wheeled engines should be immediately constructed
for their line.

Mr. Bury held the strongest views in favour of his
four-wheeled engines, and firmly refused to carry out
the orders of the directors. Twenty-four hours settled
the question. Mr. Bury had to “go,” and Mr.
MoConnell was brought from Bromsgrove, and in-
stalled as Locomotive Superintendent of the Southern
Division of the London and North Western Railway at
Wolverton Works, towards the close of the year 1846.
Acting under the instructions of the directors he
ordered locomotives from a number of the leading
makers; each maker to supply his own best design
of engines, and Wolverton Works was fully occupied
in converting Bury’s engines and adding an extra pair
of wheels behind the fire-box.

Very soon Mr. McConnell had under his control
the well-known engines by Sharp, E. B. Wilson, Haw-
thorn, Haigh Foundry Company, Tayleur of Vulcan
Foundry, and Stephenson’s long boiler engines of two
patterns, namely, six wheels and eight wheels.
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In practice it was soon found that all these various
designs were inconvenient, as the parts were not inter-
changeable, and engines were often obliged to stand in
the sheds for days or weeks out of service, pending some
partioular part being obtained from the makers. At
the close of the year 1848 the directors decided that
in future all engines required for the Southern Divi-
sion should be built to the designs and dimensions of
the Company, and Mr. McConnell was mstructed to
get out complete sets of drawmgs for « standard”’ en-
gines, namely, two sizes of passenger engines, a.nd one
goods engine. Mr. McConnell found that the two
engines which he had previously altered for the Bir-
mingham and Gloucester Railway gave very excellent
results; he therefore decided that Southern Division
passenger engines should be upon that model. The
first engine of the class was built at Wolverton, it was
completed in December, 1849, but does not appear to
have actually been put in service till January, 1850.
This was the first of the ¢ Bloomer”’ type to which
reference has been made, page 105. It had cylinders
15 inches by 22 inches, and a single pair of driving-
wheels 6 feet 6 inches in diameter, an inside frame and
inside bearings only; the top of the chimney was copper,
the dome-cover, safety-valve cover, and rim round the
driving-wheel splasher of polished brass. The engine
and tender were painted green ; it was the forerunner
of a large number of the class, and proved so satis-
factory that orders were given to Messrs. Sharp for
ten, Nos. 247 to 256. They had driving-wheels 7 feet
diameter, and cylinders 16 inches by 22 inches. They
commenced work in 1851.

In May, 1848, an important series of experiments
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took place on the Midland Railway between Derby and
Masborough, between two of Wilson’s engines, Nos.
26 and 27, which in every respect were similar to Fig.
108, and two of Sharp’s engines, Nos. 60 and 61, Fig.
109.

The diagram, Fig. 109, is taken from a drawing

Fig. 109.—Midland Railway. No. 60, built April, 1848, by
Sharp Brothers (for details see p. 103).

made by the author, when an engineering pupil, and
shortly before the engine was broken up in 1870.

Mr. McConnell, having carefully examined all the
locomotives at the Exhibition of 1851, early in 1852
considered that a larger engine was required on the
Southern Division of the London and North Western,
and he designed a class having double frames, driving
wheels 7 feet 6 inches diameter, cylinders 18 inches by
24 inches. The first of these, No. 300, was placed on
the line in November, 1852, having been constructed
by Fairbairn & Sons. This engine is illustrated, Fig.
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CRAMPTON’S DESIGN.
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112, being a reproduction from the only drawing of
this engine known to exist, and the presence of the
men considerably disfigure it.
The brass plate on the side of the hand-rail bore the
words :—
L. & N. W. RATLWAY,
‘WOLVERTON.
300,
M¢cCONNELL'S PATENT.
MANUFACTURED BY
‘W. FAIRBAIRN & SONS, Ma~omesras, Nov., 1852.

This engine had McConnell’s patent fire-box and
boiler, which consisted of & mid-feather in the fire-box,
a combustion chamber, a superheating vessel in the
smoke-box through which steam passed from the boiler
to the cylinders, and india-rubber springs; the tender
also had an outside frame and india-rubber springs.

The question will be asked, how it was that Mr,
McConnell, who was always such a strong advocate of
the inside frame and inside bearings, should have
designed the 300 class with double frames. There is

. no official information to supply the answer, but it has
been generally understood that he employed the out-
side frame at the wish of the locomotive committee,
who appeared to regard four bearings for large wheels
as safer than two.

Upon page 107 of this volume details are given of the
large eight-wheeled engine, No. 215 (shown in Fig.
114), designed by Mr. Sturrock, for the Great Northern
Railway. When new this engine worked very unsatis-
factorily, as it could not pass round curves easily ; the
four front wheels were taken out and placed in a
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MR. PEARSON’S TANK ENGINE.
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“bogie,” and it ran till 1870, but no other engine of
the same pattern was ever tried.

The McConnell engine, No. 373, Fig. 115, had
Krupp's steel axles and steel tyres. The pistons were
of solid wrought iron, with two small brass packing-
rings, kept tight by the pressure of steam admitted

Fig. 114.—Great Northern Railway, No. 215. As built by
Hawthorn & Co., August, 1853.

behind them. The boiler was supplied by a pair of
Giffard’s injectors. This engine had McConnell’s
patent fire-box and boiler, and was provided with air
tubes through the front and sides of the fire-box to
assist in the combustion of smoke ; it also had the usual
copper top to the chimney, and brass dome; but in
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1862 the chimney-tops and domes of all the McConnell
engines were painted over to save the trouble of clean-
ing. The tender ran on six wheels and weighed,
loaded, 25 tons. None of the Southern Division
engines appear to have been “rebuilt,” but as the
boilers became worn out the engines were broken up.
However, the 373 class will always be remembered
amongst the finest locomotives that ever ran on the
London and North Western Railway. In 1861 Mr.
McConnell resigned, and when Wolverton was closed
as a locomotive establishment, the Southern Division
engines had their numbers increased by 600, No. 1
becoming 601, and 373 being changed to 973, and the
names “Delamere,” ¢ Caithness,” and ‘“Maberley”’ were
given to the three engines by Mr. Ramsbottom, when
they came under his charge. At a later date the
numbers of these engines were again altered, and they
ran for some years as 1,198, 1,199, and 1,200.

At the Exhibition of 1862 No. 373 received very
great attention; but there was not then the weight of
train to require engines of such power, and a smaller
and lighter engine did the work quite as well, and at
less cost. Thirty years ago one often saw great
engines of the 373 type which were capable of work-
ing fully 30 or 35 of the old small coaches, running
with light trains of 7 or 8 vehicles.

Fig. 116 illustrates one of Mr. Sturrock’s steam
tender engines, built by E. B. Wilson and Co. for
the Great Northern Railway. Mechanically the steam
tenders worked very well and conveyed 70 and 80
loads of coal, but as the lie-by sidings could only hold
trains of 50 waggons, delays were caused to passenger
trains, and practically Mr. Sturrock’s system was a
serious failure, and did not pay.
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CHAPTER IX.
RECENT LOCOMOTIVE PRACTICE.

THERE are so very few instances in which passenger
engines are owned and maintained for private use,
that the new locomotive lately constructed by Messrs.
Sharp, Stewart & Co., at the Atlas Works, Glasgow,
to the designs of Mr. David Jones, the Locomotive
Superintendent of the Highland Railway, for the Duke
of Sutherland, deserves attention here.

The engine, “ Dunrobin ”’ (Fig. 117), is used for the
purpose of working special trips as‘required, between
the private station at Dunrobin Castle and Inverness ;
the engine and saloon of the Duke of Sutherland
having running powers over that portion of the High-
land Railway Company’s system.

The “Dunrobin” has four coupled wheels and a
trailing bogie. The cylinders are 13 inches, the stroke
18 inches; coupled wheels 4 feet 6 inches diameter;
heating surface 575 square feet, and the weight in
working order 31 tons 4 cwts.

The engine is fitted with the automatic vacuum
brake, and has a very roomy cab, provided with seats
and side-glazed shutters. There can be no doubt that
the engine affords the most comfortable accommodation
for passengers that can be found on any locomotive
in use in this country.
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The saloon is a fine example of the carriage-builder’s
skill, and includes everything necessary to make rail-
way travelling an unquestioned luxury. The exterior
of the carriage is painted in white and green with
ornamentation in gold. At the rear are apartments
for servants and a compartment for the guard.

The engine is always kept in readiness at Dunrobin

The express engines in use upon the Manchester,
Sheffield, and Lincolnshire Railway (Fig. 118) were
designed by Mr. Harry Pollitt in 1895 to work the
through trains to London upon the opening of the
Company’s (now the Great Central), main line being
previously used to work the express trains between
Manchester and Grantham.

The four-wheeled bogie, besides the circular move-
ment, has 1} inch lateral play on each side.

The bogie wheels are 3 feet 6 inches diameter on the
tread, 5 feet 9 inches centre to centre.

The capacity of the engines for work is shown at a

glance by the following figures :—
Diameter of cylinders . o oo . 184 ins.
Length of stroke .. . .o . .o 26 ins,
Diameter of coupled wheels e . oo 7 ft.
Pressure of steam .., o . . . 170 1bs,

The boiler and fire-box casing are of Siemens-Martin
steel, the fire-box is of the Belpaire pattern, which
has been adopted by the Company as its standard.
The fire-box and also the tubes are of ecopper, the tubes
being 233 in number and 1§ inches diameter outside.

Heating surface of tubes ., . . 1,209 sq. ft.
He.ﬁng surface of fire-box . oo 109 ” ”

1,318 4 o
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The area of the fire-grate is 20 square feet, and the
ratio of grate area to heating surface is 1 to 65-9.

The frames are of Siemens-Martin steel. The engine
is fitted with Timmis’ bearing springs, and Spencer
Moulton’s assistant springs under the driving and
trailing axle-boxes; the foot-plate fittings include one
No. 8 and one No. 9 Gresham and Craven’s injector,
the steam sand-blast, two sets of gauge-glasses, with
‘Wall’s gauges-glass protectors, also a perforated shield
round the fire-box door, also the automatic vacuum
brake. 'o\.‘

The connection between the engine and tender is not
made by side buffers, but a large central spring is em-
ployed, which most effectually prevents any loose or
jerky motion between engine and tender. The tender
runs on six wheels, and carries 4,000 gallons of water
and 5 tons of coal. The weight in working order is—

tons. owts.
Onbog"ﬁ'h”h .o X oo .o .o 16 9
On driving-wheels O A |
On trailing-wheels e . . e 16 2

Total engm' © .o .o . 46 18
Weight of tender ». .. .. .. .. 40 10

Grand total engine and tender . 87 ]

Thirty-six of these engines have been ordered ; at
the time of writing twelve are running and the others
are under construction at the Company’s works at Gor-
ton. The author having ridden with these engines,
can speak of the satisfactory manner in which they are
working.

It is very unusual in this country to find express
engines with driving-wheels of less than 6 feet dia-
meter, but the extremely severe gradients over which
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the North British engines have to work on the West
Highland section necessitates a very high tractive
power, and to attain it Mr. Holmes, in 1894, con-
structed engines with driving-wheels 5 feet 7 inches.
Up to the present time the Company has constructed
twelve more engines at Cowlairs, numbered 227,
231, 232, 341, 342, 343, 344, 345, 346, 702, 703, and
704. Their leading dimensions are :—

Four coupled bogie tender engines.
Diameter of bogie wheels .. . . 3 ft. 6ins.
s  of coupled wheels . . 5, 7,
” of oylinders .. . .. 1, 6,
Stroke 2, 0,
Centre of bogxe to centre of dnvmg-wheel 9, 10 ,,
Centres of bogie wheels .. .. 6, 6,
» _ 3 coupled wheels.. . “ 8, 2,
‘Wheel base of engine .. . e 21, 3,
Boiler, length of barrel .. . . 10, 2%,
» Diameter-,, .e 4 ,, 6%,
Length of fire-box (outalde) . 5, 54
Heating surface, fire-box. . 10472 sq. ft.
Tubes .. .. .. 113041, ,,
Total .. . 123518 ,, ,,
Area of ﬁre-grate .o 17 ” 9

No. of tubes 236, external diameter 1} ins. workmg Ppressure
150 1bs. per square inch,

Weight of engine in working order :—

. tons. owts. qrs.
Bogle whml' .o e oo .0 156 0 0
Dnvmg 99 e .o .e .e 14 10 0
Trailing ,, . . .o . 13 16 0

Total .o . 43 6 0
L —

Tender, diameter of wheels 4 ft. ; wheel base 12 ft. oapaoity of
tank 2,6 Oom.,mhtmworhng 2 tons.
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These engines are fitted with the Westinghouse
automatic brake,

Another instance of emall driving-wheels for express
trains is to be found on the Great Western Railway.
The “ Duke of Cornwall ” type, Nos. 3,252 to 3,261, has
been specially designed and constructed at the Swindon
Works by Mr. William Dean, Locomotive Superinten-
dent, to convey the fast West of England traffic over
the heavy gradients which exist between Plymouth and
Exeter.

The engines have a leading bogie and four coupled
wheels of 5 feet 7} inches diameter. The cylinders
are 18 inches diameter and the stroke 26 inches, conse-
quently the tractive power which these engines are

capable of exerting for every pound of mean effective
. . . 18% x 26
pressure per square inch on the pistons is thus 55
= 124-8 Ibs., and as the boiler is worked at a pressure
of 160 lbs. per square inch and the weight upon the
coupled wheels is 28} tons, it follows that the engines
are well able to deal with fast and heavy trains, and
the result of the author’s riding with them has proved
that the engines are doing some very satisfactory
work.
The boiler has a steam pressure of 160 lbs. per square
inch—

Huaring SuRFACE.

Tubes .o .. oo e .o 19285'58 8q. ft.
Fire-box .o .o .e .. 112-60 9

Total o X3 1,398'18 ” 9

i Fire-gmteuea oo .o . 19 ” 9
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‘WrieHET IN WOREKING ORDER.

tons. owts.

On bogie wheels .e . .. Lo 17 10
On driving ,, e . . . 16 7
On trailing ,, . . e .. 13 3

Total .o . .. 46 0

TENDER. )

Ca; . e . 2,000 gallons.
prl:? . . .’ 24 tons.
To wmght of engme ‘and tender ., . 70 ,,

The leading bogie wheels, and also all six tender
wheels, are of Mansell's wooden disc pattern, which is
unusual in locomotive practice; the engine has an
American extension-front or smoke-box, which is a
decided innovation upon the Great Western Railway,
and is found very efficient in preventing the throwing
of sparks.

Ten other engines of similar design were under con-
struction at Swindon in 1896.

The Caledonian Railway Company provides locomo-
tive power to work the West Coast through trains
north of Carlisle; and with a view to avoid the use of
double engines, Mr. M’Intosh, the Company’s Locomo-
tive Superintendent, designed and constructed fifteen
express engines, the first of which was named “ Duna-
lastair,” and is shown in Fig. 119, the illustration being
reproduced from a photograph by Mr. D. H. Little-
john, of Dundee, taken upon the first day that the
engine ran.

The most important feature in the design is the vast
size of the boiler and its height above the rails. Mr.
M’Intosh is following very much upon the lines of the
American designs; he sees that a large boiler is a
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necessity, and to obtain space for the diameter he
requires he has raised the boiler so that it overhangs
the coupled wheels. The cylinders are 18} inches dia-
meter by 26 inches stroke, the four coupled-wheels
being 6 feet 6 inches diameter. These dimensions pro-
duce a tractive force of a trifle over 111 lbs. for every
pound of average effective cylinder pressure. Taking
this at 100 lbs. we find a tractive effort of 11,100 lbs.
The load on the four coupled wheels is 3125 tons, or
a little less than 55 times the tractive effort. The
slide valves are placed between the cylinders, and are
worked by “link motion.”

Bomks.
Height of centre of boiler from rails oo TH.9 in,
Length of barrel . . .e 10 ft. 3} in.
Diameter of barrel (mean) .. . . 4 ft. 8§ in.

HzaTING SURFACE.

Tuabes e [ X e e l,284'45 8q. ft.
Fire-box oo oo .o .o 11878 8q. ft.

Total .. .. 1,403-23 sq. ft.

Fire-grate area . 2063 sq. ft.
Warking pressure per sqnue inch . o 160 1bs.

‘WeieaT or EneiNe IN WorkIiNG ORDER.

tons. cowts. qrs.
Bogie wheels .. . oo . 15 14 3
Driving ,, . . .o .o 16 0 0
Trailing ,, .o . .e .o 15 ] 0

Total .. . 46 19 3
‘Weight of tender in working order 89 1 2

Total weight of engine and tender in
working order .. o o 86 1 1
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The tender runs on six wheels and carries 38,570
gallons of water.

Of course, these engines, like the whole of the
Caledonian rolling stock, are fitted with the Westing-
house automatic brake.

Several engines of the 721 class are stationed at
Perth, and run to Carlisle and back each day with the
heaviest and most important trains, the results of
working being highly satisfactory, and they will take
an important part in the next race to the North, when
they may be expected to do some fine running between
Oarlisle and Aberdeen.

Mr. Wilson Worsdell, Locomotive Superintendent
of North-Eastern Railway, in 1896 designed and con-
structed five express engines for the ‘“East Coast
trains, these fine locomotives being among the largest
which have ever been constructed in this country. The
cylinders are 20 inches in diameter, and have a stroke
of 26 inches. There are four coupled wheels of 7 feet
7} inches in diameter, 4 inches larger in diameter than
any four coupled wheels hitherto used. The leading
end of the engine is carried on a four-wheel bogie.
The boiler is 4 feet 4 inches in diameter, and over
11 feet in length. The fire-box is 7 feet long, and the
height of the centre of the boiler from the rails is over
8 feet.

These engines are fitted with the Westinghouse
automatic quick-acting brake, and are provided with
the very excellent cab, introduced on the North-Eastern
Railway by Mr. T. W. Worsdell.

The boilers are constructed to carry a pressure of
200 Ibs. per square inch, but at present the engines are
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being tested with various pressures from 175 Ibs. up-
wards, and the one giving the best results will of
course be adopted as the working pressure. It is not
the intention of the Company to publish any official
table of dimensions until after the fast running has
commenced in July, but it is & well-known secret that
one of the new engines, No. 1,869, has made a private
experimental trip which proved highly satisfactory, the
whole distance from Newcastle to Tweedmouth being
covered at an average speed of 70 miles an hour from
start to stop. The North Eastern Company has, with
a view to reduce the weight of its tenders, adopted the
“ water-trough-system,” and it will be in use by the
time this volume is in the hands of the readers, and the
new tenders will carry 3,000 gallons of water only.
Although the full dimensions may not at the present
be stated, it is no secret that in addition to the five
engines already completed, ten others are under con-
struction, and a large number of tenders are being
fitted with the water scoop. Two other railway com-
panies are also contemplating the adoption of the
“ water-trough,” but it is not certain if they will be
able to complete the apparatus for this year’s racing.

Before leaving the Great Southern and Western
Railway of Ireland, Mr. Ivatt designed and constructed
a large express engine with a leading bogie and four
coupled wheels, the important feature being that by
means of a special arrangement introduced by him the
engine can be worked as a “simple” engine or as a
“compound ”’ at the wish of the driver; this is an
important step in the right direction, and gives the
driver full power to work the engine to the best ad-
vantage. Careful experiments made with this engine,
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working one day “ simple ” and the next “compound,”
will throw much light upon this important subject.

Upon Mr. Ivatt, formerly of the Great Southern and
Western Railway of Ireland, being appointed Locomo-
tive Superintendent of the Great Northern Railway,
what was held to be a great defect in the Great
Northern engines—namely, the absence of a dome on the
boiler—was again discussed amongst the engine-drivers.
For years they had asked for a dome, but Mr. Stirling
would not consent. It has, therefore,given much satisfac-
tion to the drivers to know that Mr. Ivatt is an advocate
of the “ steam dome,”” and they express the hope that
he will be an advocate also of the American cab.

Mr. Eric G. Barker, Locomotive Superintendent of
the Wirral Railway, Birkenhead, has designed, and
Messrs. Beyer, Peacock & Co. have completed a twelve-
wheeled tank engine for that line, No. 11. It has a
leading bogie, four coupled wheels of 5 feet 2 inches
diameter, and a trailing bogie. Cylinders, placed
inside, 17 by 24. - Total weight 59 tons 16 cwts. 1 qr.
The double-bogie arrangement is found to give very
satisfactory results. Boiler pressure, 160 lbs.

At the present time the question of cabs is engaging
the attention of drivers upon nearly all the important
lines, and they have asked their various companies to
give them the same cabs as provided by the North-
Eastern Railway. In several cases the requests have
been acknowledged, and it is said that ¢ the matter
shall have attention.” The author trusts this may
lead to the general use of the American cab in this
country, but he is, of course, quite aware that the
“cab’’ costs more money than the weather-board, and
that this is the reason why the Directors of many lines
have in the past delayed its introduction.



CHAPTBR X.
MODERN DEVELOPMENTS.—AUTOMOBILISM.

CoumenciNe in July, 1893, several of the English
railway companies for the first time introduced the
third-class dining-car upon the most important express
trains, and as previously to that addition the trains
of the period were as heavy as the engines could well
manage, it speedily followed that the addition of a
30-ton dining-car rendered a second engine necessary.
This alteration was followed by a large increase
of first-class sleeping-cars upon the night trains, and
by a general introduction of new rolling-stock, mostly
upon the corridor principle, with the result that the
weight of trains gradually doubled, and it was found
that during the years 1896, 1897, and 1898 the use
of a pilot or second engine became the rule. In fact,
during those years there were numbers of trains which
always had two engines. ’

To avoid this double engine running, locomotive
superintendents in the first place rebuilt many of their
existing engines, making great improvements, such as
enlarging the cylinders, increasing the size of the
boiler, and also the pressure of steam. So satisfactory
did these alterations prove that new engines were built
upon the designs of the rebuilt engines, but in most
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instances still larger. By this means the locomotive
departments overcame their difficulties, but events
soon showed that the success was only destined to be
of very short duration, as the traffic departments-
insisted upon the speeds being increased and more
carriages being attached to the trains. At the same
time the carriage departments were practically com-
pelled by competition and public opinion to withdraw
from express service the old light four or six-wheeled
coaches, and to build eight or twelve-wheeled bogie
vehicles of the heaviest and most modern description.

Locomotive superintendents thus found themselves
placed in a very difficult position—on the one hand,
tied down by the dimensions of the bridges and the
loading-gauge, and on the other required to provide
engines capable of conveying trains double the weight
_ at an increased speed.

In many instances the difficulties have been over-
come by the construction of modern engines upon the
general design of former types, but with greatly
increased dimensions. In other instances locomotive
superintendents have found it necessary to adopt, or
at least to experiment with, engines of types not
previously used in this country; and the object of
adding this chapter to the previous history is to
illustrate and describe some of the most important of
these new departures in locomotive practice.

In the first place, it must be recorded that express
engines having four cylinders constructed upon various
designs have been introduced upon British railways,
and no less important is the employment of express
engines having ten wheels. The use of piston-valves,
the introduction of the Belpaire fire-box, and the
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heating of trains by means of steam or hot water from
the boiler of the locomotive, are also points of con-
siderable interest.

Mr. James Manson in 1897 designed and constructed
a four-cylinder express engine, No. 11, at the Glasgow
and South-Western Company’s works, having a leading
bogie and four coupled wheels of 6 feet 9} inches
diameter. The two inside cylinders are 14} X 26,
and the two outside have a diameter of 12} x 24
stroke; high pressure steam being supplied to all four
cylinders, the connecting-rods working upon one axle.
The boiler pressure is 165 lbs., but the total heating
surface being only 1,205 square feet, prevented the
cylinder power being used to the full extent.

In 1897 Mr. F. W. Webb, of Crewe, decided not to
construct any more of his three-cylinder compound
engines, and to turn his attention to the four-cylinder
type, and during that year he completed two express
engines, each having two inside and two outside cylin-
ders, all four working directly upon one pair of driving
wheels, but coupled to a trailing pair.

One of these experimental engines was named  Iron
Duke,” and was a “simple” engine, having high-
pressure steam in all four cylinders; and the other was
named “ Black Prince,” being a “ compound,” having
the high-pressure cylinders outside and the low-pressure
cylinders inside.

At the conclusion of the experiments with the two
engines, Mr. Webb determined to convert the simple
engine to a compound, and to construct fifty-eight other
engines of the same pattern. The whole of the order
is complete, and the engines are numbered from 1901 to
1960. One of these, “ La France,” No. 1926, was sent to
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the Paris Exhibition of 1900, and No. 1942—¢ King
Edward VII.”—is illustrated in Fig. 120.

The chief dimensions were: cylinders, two high-
pressure, 16 inches X 24 inches; two low-pressure,
20} inches X 24 inches; total heating surface, 1,557°5
square feet ; steam pressure, 200 Ibs. per square inch;
height of boiler-centre from rails, 8 feet 1} inches;
weight of engine in working order, 57 tons 12 cwt. ;
weight of engine and tender in working order, 84
tons 4 cwt. The tender, in consequence of the water-
trough system, is light compared with the engine.

Mr. D. Drummond, upon the London and South-
Wes'ern Railway in 1901, constructed a further
number of his four-cylinder engines of the 369 class
similar to his previous experimental engine, No. 720,
built 1897. These engines (Fig.121),have aleadingbogie
and two pairs of perfectly independent driving-wheels.
The first pair of wheels is driven by two inside cylin-
ders, and the trailing pair of drivers is actuated by a
pair of outside cylinders. The fire-boxes are provided
with water-tubes, and the tenders run upon two four-
wheeled bogies.

Two types of ten-wheeled express engines have been
introduced upon the Great Northern Railway by Mr.
Ivatt. In the first place, he constructed No. 990,
having a leading bogie, four coupled wheels, and a
small pair of trailing wheels, and a pair of outside
cylinders, 19 X 24 ; the connecting-rods working upon
the second pair of 6-feet 6-inch coupled wheels.
However, the second type, No. 271 (Fig. 122), is a
ten-wheeled engine, having four cylinders, 15 inches
diameter and 20 inches stroke, two placed inside and
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two outside, and working upon the first axle, high-
pressure steam being used in all the cylinders.

The inside cylinder type of ten-wheeled express
engine was introduced by Mr. Aspinall upon the Lan-
cashire and Yorkshire Railway, being a large edition of
that company’s leading bogie and four-coupled wheel
class, but having a Belpaire fire-box and a small pair
of wheels under the footplate, the two cylinders inside
being 19 X 26, and the four coupled wheels 7 ft. 3 in.
diameter. For illustration (No. 1,400), see Fig. 123.)

Mr. Worsdell has designed and constructed for the
North-Eastern Railway two types of ten-wheeled (six
wheels coupled) express engines. The first of these,
built in 1899, have coupled wheels 6 feet 1} inches
diameter, and cylinders 20 inches X 26 inches; height
of centre line of boiler above rails, 8 feet 2 inches;
total heating surface, 1,769 square feet; steam pres-
sure, 200 lbs. per square inch ; weight of engine in
working order, 62 tons 5 cwts. ; weight of engine and
tender in working order, 98 tons 1¥ cwts.; and com-
mencing at No. 2,001,

The 2,111 class (Fig. 124), however, has coupled
wheels of 6 feet 8} inches diameter, the cylinders
being 20 inches X 26 inches; height of centre line of
boiler above rails, 8 feet 6} inches; total heating sur-
face, 1,769 square feet; steam pressure, 200 lbs. per
square inch; weight of engine in working order, 67
tons 2 cwts. ; weight of engine and tender in working
order, 107 tons 2 cwts. These engines are giving very
satisfactory results in working upon the heaviest East
Coast Scotch express trains.

At the Derby works, in 1901, Mr. S. 'W. Johnson
constructed the first five of a larger class of his coupled



gine, No. 1400 (1899).
[ 7o face p. 238.
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engines, following the general design of Fig, 75, p.
134, but having a Belpaire fire-box, the dimensions
being cylinders, 19} inches X 26 inches ; driving and
coupled wheels, 6 feet 9 inches ; height of boiler centre
above rails, 8 feet 3 inches; steam pressure, 180 1bs,
per square inch ; total heating surface, 1,519-0 sq. ft. ;
grate area, 250 sq. ft.; weight of engine in work-
ing order, 51 tons 12 cwts. The tender runs upon two
bogies and carries 4,000 gallons of water. Weight
of engine and tender in working order, 102 tons
19 cwts.

These engines, which are numbered 2,606 to 2,610,
were put to work the heaviest Scotch trains between
St. Pancras and Leeds, and others of a similar type
have been constructed having tenders to carry 4,500
gallons of water.

During the year 1898 the North-Eastern Railway
Company rebuilt at its Gateshead works one of its
two-cylinder compound engines, No. 1,619, as a three-
cylinder compound. As thus altered this engine has a
four-wheeled leading bogie and four coupled wheels,
the three cylinders having their connecting rods work-
ing upon the driving pair of wheels : the engine has one
high-pressure cylinder (inside) 19 inches X 26 inches;
two low-pressure cylinders (outside) 20 inches X 24
inches; coupled wheels, 7 feet 1} inches diameter;
steam pressure, 200 lbs. per square inch ; total heating
surface, 1,324'0 square feet ; weight of engine in
working order, 53 tons; weight of engine and tender
in working order, 94 tons. A most important feature
about the engine is that it can be worked either as
a compound, a semi-compound, or as a ‘ simple”
engine. After trials it was decided not to construct
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any more engines of the type, and to build the new
ones as high-pressure engines.

The Midland Railway Company during the year
1902 stationed two new engines at Leeds to work the
Scotch express trains from thence to Carlisle, Nos. 2631,
2632; these are three-cylinder engines, and are illus-
trated in the frontispiece of this volume.

These engines were built at Derby upon a design
never before tried upon the Midland, but follow very
closely the pattern of the North-Eastern Company’s
engine No. 1,619, after the alterations of 1898—that
is to say, they are compound or semi-compound.

The one inside high-pressure cylinder is 19 x 26,
and the two low-pressure or semi-low-pressure cylinders
are each 21 X 26, the coupled wheels being 7 feet
diameter, and the boiler pressure 195 lbs.

The one inside cylinder receives high-pressure steam
direct from the boiler, and the exhaust steam from this
cylinder is turned into the steam chest dividing its
steam between the two outside cylinders. The official
details state that ¢ when working compound, the pressure
in the low-pressure chests, according to the position of
the reversing gear, varies from 40 lbs. to 60 lbs. ; but
for starting or working a heavy train up a steep incline,
increased power can be obtained by admitting steam from
the boiler through the regulating valve to the low-pres-
sure steam chests. The amount of high-pressure steam
admitted to the low-pressure cylinders is governed by
a controlling valve placed inside the cab. By manipu-
lating this valve, the driver can vary the low-pressure
steam-chest pressure to suit the work in hand.” It
will be remembered (see page 93) that as long ago as
1846 Messrs. Stephenson and Howe obtained satisfactory
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results with three-cylinder high-pressure engines, and
when by means of the regulating valve a liberal supply
of high-pressure steam is turned into the two outside
cylinders the Midland engines are found to perform
some heavy work upon the severe gradients between
Leeds and Carlisle,

A great feature in these engines is that a large boiler
has been provided, the length of barrel being 11 feet
7 inches, 4 feet 9% inches in outside diameter, and has
its centre pitched 8 feet 6 inches above rail level. One
of the engines is fitted with Serve tubes, which alone
give 1,569-8 square feet of heating surface; the other
engine, which has plain tubes, has 1,448-0 square feet
of heating surface in the boiler. The Serve tubes are
2% inches and the plain ones 1% inches in external
diameter. The inside fire-box measures 7 feet 9%
inches in length, and has a grate area of 26 square
feet, the heating surface of the box being 150 square
feet. This, added to the respective tube surfaces, gives
a total of 1,719'8 square feet in the one case, and
1,598:0 square feet in the other.

The weight of engine in working order is 593 tons,
38% tons being available for adhesion. The tender is
of Mr. Johnson’s double-bogie pattern, holding 4,500
gallons of water, and weighing in running order 52 tons
13 cwts. Engine and tender complete thus weigh 112
tons, the total length over buffers being 60 ft. 10 in.

Turning now from passenger engines to goods and
mineral, it is satisfactory to find that several railways
have introduced the eight-wheel coupled goods engine
in order to convey heavier loads.

The London and North-Western Company obtains
good results with four-cylinder compound eight-

R
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wheeled coupled engines, and the North-Eastern
employs eight coupled wheels and outside cylinders.
The Caledonian (see Fig.J125), the Lancashire and
Yorkshire, and the Great Northern companies obtain
equal success with the inside-cylinder type.

Although improvements have been made in the
goods engines, it is to the goods wagons that more
attention should be given, in order to increase the
paying load. An American bogie coal wagon, weighing
10 tons empty, carries 30 tonsof coal ; but in England,
to convey 30 tons of coal, three wagons have to be
employed, each weighing fully 6 tons 12 cwts. empty ;
the result being that the English goods engine has to
haul about the country twice the amount of useless
dead weight that the American engine has to take. To
alter the English coal sidings and docks so as to enable
the larger wagons to be used will be costly, but it will
have to be done if goods traffic in this country is to be
made to pay ; and most certainly the time has arrived
when goods should be carried in large wagons with
proper tops and doors, not in the antiquated open
wagon covered over with a sheet, which often allows
rain to damage the goods.

The Paris correspondent of T'he T'imes, in the issue
of that journal of December 13, 1902, has given
particulars of what he styles the ‘ new automobile rail-
way system,” about to be introduced into France, and
he describes his information thus given as ¢ the first
mention of a piece of news which is bound to fill with
joy all English travellers.”

““On June 18 next,” he goes on to say, « at 8. 50am,
there will start from the Lyons station in Paris a train
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composed of three ¢autonomobile’ carriages—that is
to say, carriages that are both autonomous and motor-
cars—which will enter the Dijon station at noon.
There the 120 travellers carried by the three autono-
mobile wagons will be entertained at luncheon. The
315 kilométres between Paris and Dijon will thus have
been covered in three hours and ten minutes, or at a
normal speed of 100 kilométres per hour ; and the
same speed may be maintained between Dijon-and
Lyons, Lyons and Marseilles, Marseilles and Nice, and
Calais and Paris uninterruptedly, so that the distance
between Calais and Nice can be coyered in 14 hours.
I am speaking of the first projected application of
motor power, and not of the extraordinary transforma-
tion which motor-power will produce in the conveyance
of travellers in general.

“ Now that I have briefly described an invention
which is now neither a project nor an experiment, but
which exists and works, and the application of which
is merely postponed for some months for the construc-
tion of the actual rolling-stock, Imay give some details
to explain the very exceptional influence which this
new mode of travelling must exercise and the way in
which passengers will travel in the autonomobile cars.

“To form an accurate idea of the attention which this
new mode of traction and locomotion calls for, it will be
sufficient to say that the eminent firm of Gardner and
Serpollet undertakes the construction and organisation
of the autonomobile carriages which on June 18 next
will make their first trip between Paris and Dijon.
That firm is the one which in two successive competitions
for the Rothschild Cup at Nice, 1901 and 1902, beat
the record of automobiles by covering the first time
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101 and the second time 121 kilométres an hour, while
the third time—for to win the Cup there three records
of speed must be made—it proposes to cover 140 or
150 kilométres an hour. Messrs. Gardner and Serpollet
are now constructing the autonomobile carriages
whose public appearance will entirely transform,
probably in all parts of the world, the mode of
conveying passengers. At present, indeed, it will
be applied only to the conveyance of passengers, as
it requires a special type of carriage, the construction
of which demands both time and capital.

“Let me now briefly explain the transformation
which with progressive developments in proportion to
the construction of the carriages and the resources of
the companies the conveyance of passengers will
undergo. First of all, as its name indicates, the auto-
nomobile supersedes the locomotive—that is, it dispenses
in every train, short or long, slow or fast, with a weight
of 110 tons. It saves the considerable cost of loco-
motives. It abolishes smoke, steam, noise, vibration,
the jolt incidental to stopping and starting, and the
necessity of stopping to take up water.

“It also abolishes all the men in charge of a loco-
motive except the engine-driver. The new carriage is
17 métres long—that is to say, the length of the present
corridor carriage. Of these 17 métres a space of 26
métres in front is occupied by the traction apparatus,
while the remaining 14'4 métres will comfortably
accommodate 40 passengers, and the 1,200 kilogrammes
of luggage allowed them, besides a lavatory ‘and a
handy little bar, where passengers during the journey
may always find refreshment. The cost of the auto-
nomobile is the same as that of the first-class corridor
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carriage, while the weight, including the traction
apparatus, is also the same. Thus the abolition of the
locomotive is an accomplished fact, and the rails which
now have to bear the weight of the locomotive and
tender, as well as of ‘the carriages, are relieved
therefrom.”

One need hardly say that time only can show whether
these sanguine expectations of the “abolition of the
locomotive,” as we now know it, are to be realised so
speedily as The Times’ correspondent anticipates—if,
indeed, room may not be found in the arrangements of
the future for the modern ‘ locomotive ”” and the new
‘ gutonomobile,” each in a sphere of its own.

As to the sources of the tractive power to be utilised
in the ¢ autonomobile,” the same correspondent says :—
“ The system is one which, in an embryo form and
dating back several years, has been applied to short and
fast tramway lines, but never to practically unlimited
distances, While not, perhaps, using the technical
expressions which would be employed by a specialist, I
believe I am not mistaken in stating that by means of
the slightest possible quantity of petroleum the smallest
possible quantity of water can be converted into the
greatest propelling power of steam which can be pro-
duced. The extremely powerful vapour thus obtained
acts directly on the wheels of the autonomobile.”

It may further be noted that in ZThe Times of
December 18, 1902, another correspondent calls atten-
tion to a system of * Automobilism on Railways,”
which is about to be tried in England by the North-
Eastern Railway Company.

“That company” (this correspondent states) “is
at the present moment building at its York works two
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autocars to run on its railway, each of which will carry
a complete apparatus for generating its own motive
power. At one end of the car there will be a Napier
petrol engine of 85 brake horse-power, with four
cylinders. This engine will drive a dynamo, genera-
ting electricity for two motors, which will apply the
power to the wheels of the ‘bogie’ underneath the
engine compartment.

“Two of these four-wheeled ¢ bogies,” of practically
the normal railway carriage type, will carry the frame-
work of the car, but the body will be much lighter
than that of an ordinary carriage, approaching closely
to the tram type. In fact, the vehicle will be a tram
saloon, with an engine compartment at one end and a
conductor’s compartment at the other. Seating accom-
modation will be provided in each car for 52 passengers;
and, as storage is provided for 30 gallons of petrol, it
is anticipated that the automobile will be able to work
five hours at a stretch without replenishing.

“It is calculated that by this system a speed of 30
miles an hour can be got up in as many seconds, which
is a very much quicker acceleration than is possible
with an ordinary train. It is not proposed to use these
autocars at first for the longer distance traffic of the
North-Eastern Railway, but to employ them rather for
accelerating the service on those sections of the system
where an ordinary train can only make a slow rate of
speed owing to the number of stopping places. The
two cars now under construction are destined to run
between Hartlepool and West Hartlepool stations, where
there is keen competition with a tramway service.
If the experiment be successful, other sections of the
company’s system are to be similarly equipped.”



CHAPTER XI.

MAIN QUESTIONS OF DESIGN — THEORY OF LOCO.
MOTIVE MOTION —RULES AS TO GRADIENTS—
CENTRE OF GRAVITY OF LOCOMOTIVE—SUNDRY
APPLIANCES.

IN technical detail as well as in outward appearance,
locomotives, as these pages show, vary considerably ;
and these variations are naturally of very considerable
interest to locomotive engineers and also to the general
public. However, it yet remains true that the general
* principles of all are more or less closely allied to each
other ; and, although their construction and dimen-
sions may differ, all their variations or special
arrangements are mere devices for the better and
more efficient utilisation of their power. The four
great points in a locomotive are, of course :—

1. The boiler—in which the steam is generated.

2. The cylinders—in which it is utilised to force the
piston alternately from end to end, the length of the
stroke being regulaled by the throw of the crank
according to the length of the cylinder.

3. The throw of the crank of the axle of the driving
wheel ; and
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4. The size of the driving wheel.

Hence the four most important questions regarding
all locomotives are : first, the diameter of the cylinders ;
second, the length of the stroke ; third, the diameter
of the driving wheels; and fourth, the pressure of
steam in the boiler. It is upon these points that the
whole of the changes in locomotive construction are
rung; they are the keynotes which dominate the
whole ; and these particulars being given, all the rest,
to a practical engineer, becomes more or less a matter
of detail.

Of course there are other questions which arise on
different railways—such, for example, as to whether
locomotives should have their cylinders inside the
frame, or outside, as in American and other types.
Further, the class of coal or fuel which can be secured
in different localities has also to be carefully taken into
consideration; and modifications may be considered
necessary in the construction of fire-boxes and boiler-
tubes to meet the particular circumstances. Then there
are other locomotives, such as those running on the
London underground railways, which are not allowed
to discharge any steam in the tunnels, and which are
therefore provided with special condensing apparatus
by means of which the steam, instead of being dis-
charged up the chimney into the atmosphere, is turned
into the cold-water tank and condensed.

But notwithstanding all these variations, the ten-
dency of all railway companies has for a long time
been to adopt certain standard patterns, which give
the advantage—a very great one—of all parts being
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interchangeable. Each locomotive superintendent, it
is true, has his own views and his own designs, and
this has led to the construction of engines of great
variety, which the superintendents believe to be the
most advantageous for their own particular railways.
This has brought new ideas to the front, and has pro-
moted the efficiency of locomotive power generally,
_ because each system and every new principle has been
brought to the test of practical experience.

The subject of motion or traction—in other words,
« How the locomotive engine moves itself,” has always
been a matter of much interest, and has formed the
basis of lengthy discussion in many parts of the world,
and, in too many cases, has not been made clear.

Locomotive men usually consider the engine as a
complete self-contained machine, rolling forward upon
the rails on account of the adhesion between the driv-
ing wheels and the surface of such rails. On the other
hand, permanent-way men, and some purely scientific
men, prefer to consider the earth and the rails as the
basis, and regard the engine as simply working its
way forward by means of a series of levers, that is, by
the spokes of the driving wheels.

In practice it matters very little from which stand-
point we view the subject; but it is most important
that the two methods should be kept separate and dis-
tinct, or endless complication and confusion must cer-
tainly follow, as it has done in years past.

The locomotive men will tell us that the piston moves
backwards and forwards in the cylinder; the per-
manent-way men and the scientific men will say that
when the engine is running the piston never goes back-
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wards, but that the cylinder comes forward upon the
piston. Both these statements are perfectly true and
oorrect when properly examined from the two different
points of view. Let a locomotive engine be placed with
one crank vertically below the axle, in forward gear,
and let steam be admitted. The steam rushes into the
front end of the cylinder, and the pressure comes upon
the piston in the backward direction, and against the
cylinder cover in the forward direction. The backward
force against the piston is communicated to the piston-
rod, connecting-rod, crank, driving axle, wheel, and
rail. The forward force against the cylinder-cover is
communicated to the frame, axle-boxes, and driving
axle. Now, on account of the leverage, the force in
the forward direction against the front cover of the
cylinder has far greater effect, and consequently the
steam pressure acting on the cover and assisted by
leverage forces the cylinder, and, of course, the frame,
driving axle, and train of carriages forward.

Let the position of the engine be now changed, so
thut one crank shall be vertical above the axle. The
steam is admitted to the back end of the cylinder, and
presses upon the piston in the forward direction, and
against the back cover of the cylinder in the backward
direction; the piston in this case has the advantage
of leverage, and is able to force the crank forward.

The portion of the wheel which at any moment is
upon the rail is, for that moment, at rest, and practi-
cally the one vertical spoke in the wheel, the axle, and
the crank becomealever. Now we have the crank-pin
as the power, and the axle as the fulecrum ; that is look-
ing at the question from the locomotive man’s point of
view; but the permanent-way man will maintain that
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the rail or the earth must always be the fulerum.
Practically, when the crank is above the driving axle
the steam forces the piston forward, and with it the axle
and the whole train. It must be remembered that when
an engine is running forward, it is only during the
forward stroke—that is, when the crank is above the
axle—that the pressure on the crank-pin actually moves
the engine forward. During the backward stroke the
piston is pushing the axle in a backward direction, and
the pressure against the front cylinder-cover is pulling
it forward ; and, as the latter force, on account of the
advantage of leverage, exceeds the former, the difference
between the two is the force against the front cover of
the cylinder, which difference moves the train forward.

To make the matter still more clear, we have only
to remember the test which every engineering pupil
has seen made occasionally at nearly every locomotive
fitting shop, namely, having found a pair of locomotive
driving-wheels and axle, taken out of an engine, place
one of the cranks vertically above the axle, place one’s
gelf in the four-foot way, with one hand upon the crank-
pin, the hand and arm then represent the big-end and
connecting rod, and the body the force in the cylinder.
Let the person pull towards himself, and the result is
that the part of the tyre upon the rail remains practi-
cally stationary, the axle moves slowly forward, and the
top of the wheel moves considerably forward. If the
crank be now placed below the axle take hold of
the axle-journal and pull it towards the body, the hand
then represents the axle-box, the arms the engine-frame,
and the body the cylinder and cover. It then becomes
clear that the crank-pin, with reference to its position
upon the surface of the earth, must always move for-
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wards, although with reference to its position upon the
engine as a complete self-contained machine, it must
move backwards.

Let us now take the case of an engine having driving
wheels six feet diameter, length of stroke two feet, an
the pressure at the piston and piston-rod 30,000 Ib
These dimensions are taken as an illustration because
they are even figures, and simple to calculate. The
engine is now to be placed in forward gear, with one
crank in the vertical position above the axle. Upon
steam being turned on, we have a force of 30,000 lbs.
acting in a backward direction against the back cylinder
cover, and a force of 30,000 lbs. acting in a forward
direction against the piston. But the 30,000 lbs. of
force on the piston acts at the crank-pin upon the exd
of a lever four feet long, the fulerum of which is a foot
away, or at the axle. Wethen have 30,000 multiplied
by one foot, that is by the short end, and divided by
the long end, three feet, or a total of 10,000 lbs. avail-
able to move the engine forward.

Now we will have the engine moved half of the revo-
lution of the wheel, so that the crank shall be vertically
below the axle, and we have then a force of 30,000 Ibs.
acting upon the piston in a backward direction, and
30,000 lbs. against the cylinder cover in the forward
direction ; but the 30,000 lbs. in the forward direction
acts through a lever, one foot in length to the axle or
fulecrum, so that 30,000 multiplied by one foot, divided
by three feet, being the distance from the axle to the
rail, gives the available forward force as 10,000 lbs.

Sometimes one hears it stated that the locomotive
subject is a ‘“puzzle,” but this is not the case if the
actual forces be practically considered.
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USEFUL RULES RELATING TO GRADIENTS,

The e¢is viva of a train moving at any given speed
is equivalent to the raising of the train to the height,
by falling through which it would attain that velocity,
and this is true whether the train is raised vertically
(if it were possible), or by running it up an incline
assuming friction as nil.

Therefore when a train runs up an incline, the engine
has ‘not only to overcome the resistance on the level,
but also to raise the train to a certain height.

An incline of 1 in 200, for instance, is a rise of %%%®
== 264 feet per mile. To find the work done (in foot
tons) in lifting a train of 200 tons through the vertical
height of 264 feet, it is necessary to multiply the
height by the weight, thus, 200 X 26-4=4,280 foot tons.

The rates of inclinations of gradients are also con-
veniently expressed as percentages, which represent
the force of gravity acting on different inclines—1 in
200 being expressed as a gradient of 0'5 per cent, ;
1 in 100 as 1 per cent.; and 1 in 50 as 2 per cent.

In this country, it is still the practice to express
gradients in their proportion or ratio to 1-00 but in
America, as in many other parts of the world, gra-
dients are always given in proportion to their rise
per mile. To find the rise in feet per mile for any
given incline, it is only necessary to divide the feet
in a mile (5,280) by the gradient to one; thusin a
case of 1in 264 we have

6,280 .
v 20 feet per mile.

When, therefore, the English engineer speaks of 1 in

264, the American engineer refers to it as ‘“a 20-feet

grade.”
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The following table gives the same inclinatione
expressed by the two methods:—

Gradient  Equsl rise in Gradient aull rise in

to 100. feet per mile. to 100. t per mile,

1in 2,000 2-64 1in 165 32:0

, 1,000 5-28 . 182 400

,» 600 1066 , 120 440

b 400 132 . 100 65280

» 800 178 , 88 60-0

. 264 200 »w 10 7542

w 220 240 . 50 105-6

»w 200 264 w 37 1427

CENTRE OF GRAVITY OF LOCOMOTIVE.

The horizontal centre of gravity of either a bogie or
six-wheeled engine should be a few inches in front of
the centre of the driving axle. To find this point,
multiply the weight resting upon the leading wheels
(or leading bogie, if one be used) by the distance in
feet from the centre of the driving axle. Multiply
the weight upon the trailing wheels by distance in
feet from the driving axle. Find the difference,
which divide by the total weight of the engine in
tons; the quotient is the horizontal distance in feet of
the centre of gravity from the driving axle in the
direction of the axle carrying the greater weight. As
an example, if an engine weighs 41 tons 13 cwt. 2 qrs. ;
on leading wheels, 14 tons 6 cwt. ; on trailing wheels,
12 tons 16 cwt.

148 tons x 10 ft. ifor leading end of engine) .. 143- ft.-tons
12-8 tons x 8 ft. 6 in. (for trailing end of engine) .. 108:8 ft.-tons

The difference (34'2), divided by the total weight of
the engine (41:68), = ‘82 of a foot. Therefore the
centre of gravity of the engine is ‘82 ft., or 9% in. in
front of the driving-axle.

When a locomotive is running, that portion of the
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tread of the tire which is in contact with the .l at
any instant of time is at rest, while the corresponding
point on the flange on the same radius is moving
in the opposite direction to that at which the train is
running. The speed being 60 miles an hour, or 88 ft.
per second, and the diameter of the wheel over the
tread 6 ft., and over the flange 6 ft. 2 ins., the point in
the flange will move backwards at the rate of 1-59
miles per hour.

THE STEAM SAND-BLAST.

Every engine-driver is well aware that for fast run-
ning, easy riding, and economy both in coal and
repairs, nothing can equal an engine having a “single ”’
pair of driving wheels. On the other hand practical
experience has taught them that for heavy trains run.
ning upon steep gradients, it is absolutely necessary
to employ engines having four coupled wheels, in
order to obtain the required amount of adhesion, or, as
the drivers say, “ to tie their legs together.”

The useful work which an engine is capable of per-
forming is, of course, limited by the co-efficient or pro-
portion of adhesion which exists, or can be created,
between the driving wheels and the rails; in other
words, as soon as the effect of the steam in the cylinders
produces a tractive force greater than the adhesion,
“glipping ” is the result. In ordinary practice the
co-efficient of adhesion is found to be equal to one-
sixth of the weight resting upon the driving wheels
expressed as an adhesion of 16:66 per cent., or as an
adhesion of 3733 1bs. per ton.

If the rails be perfectly clean and dry, the adhesion
is increased ; if perfectly wet, it is but little reduced.
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A slight shower of rain, misty weather, and greasy
rails will often reduce it to about 280 lbs. per ton ; and
in frosty or snowy weather the writer proved by a
series of practical experiments that the adhesion became
as low as 160 1bs. per ton. It is, therefore, not a matter
of surprise that such a serious loss of adhesion should
cause a considerable amount of “slipping.” To over-
come the difficulty the ordinary method of sanding the
rails is by means of sand-boxes and pipes which
allow sand to run down on to the rails, and in practice
it is found that a considerable quantity of sand is used,
but a large proportion of it does not fall on the rails,
and a further quantity is blown off by the wind : con-
sequently the ordinary sanding arrangement is very in-
efficient and unsatisfactory.

Oneof the mostimportant improvements in locomotive

Fig. 126.—General Arrangement of the Sand-blast.

engineering is the introduction by Messrs, Holtand Gres-
ham of their steam sand-blast (Figs. 126 and 127).
The general arrangement is shown (Fig. 126) as fitted
to some of the Midland Company’s engines of the
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1,480 and 1,500 classes. By means of a handle,
A, steam can be admitted to the sand-ejector, C, thus
drawing a small supply of sand from the sand-box,
«B,” and projecting it in a powerful and constant
sand-blast to the point of contact between the wheel

Fig. 127 —Details of the Sand-blast.

and the rail. Fig. 127 shows the apparatus in detail,
and it will be observed that the sand falls into the
sand trap, and is then carried down in a fine jet by
the inrush of air caused by the steam ejector.

THE INJECTOR.

In the early days of railways the boilers of the loco-
motives were supplied with water by means of force-
pumps worked by hand-levers ; afterwards the pumps

S
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were worked by either eccentrics or rods attached to
the cross-heads, and on the London and South-Western
Railway an independent donkey pump was employed to
feed the boiler, and at the present time some of the
Brighton Company’s engines are fed with water by
means of a water pump, working in connection with
the Westinghouse air brake pump.

Many of my “ locomotive ” readers will remember
the time very well when engines had two pumps, and
in order to supply water to the boiler it was necessary
to run several times backwards and forwards for about
8 quarter of a mile to fill up the boiler.

They will also, no doubt, well remember seeing
* single ”” wheeled engines standing in the sheds, with
their tender brakes hard on, slipping upon oiled rails,
in order to pump water into the boiler.

In July, 1858, Mr. H. J. Giffard, a French engineer,
took out a patent for the ““ Injector ”; he had disco-
vered that the motion imparted by a jet of steam to a
surrounding column of water was sufficient to force it
into the boiler from which the steam was taken, and
even into another boiler having a higher pressure.

‘When Mr. Giffard tried to introduce his new injector,
locomotive engineers laughed at him ; he was told to
read about the first rules of motion, and that he must
be mad to suppose that steam from one part of a boiler
could force its way back into another part of the same
boiler ; he could not even obtain authority to try an
injector on alocomotive till 1859, and then he was only -
granted permission as a favour and with a view to “let
him prove his idea would not work,” and thus put a
stop to his constant letters and applications.

However, the injector worked successfully, -and ?,Q\e
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water entered the boiler, but even then people would
not believe it.

Mr. Giffard explained that the action of his injector
was similar to that of the blast-pipe in a locomotive:
the rush of steam in that case formed a partial vacuum
into which air was forced by the atmospheric pressure
of about 15 lbs. per square inch.

To explain his theory Giffard took a pressure of 100
Ibs. per square inch, and showed that a column of water
2 3-10 feet high presses upon its base with a force oi
1 1b. per square inch, therefore 100 lbs. pressure is equal
to a pipe of water 230 feet high.

Water from the bottom of a pipe 230 feet high would
rush out at a speed of 121} feet per second, that is equal
to no less a pace than 83 miles an hour.

Let it be clearly understood that a boiler having a
pressure of 100 lbs. per square inch is just balanced by
ajet of water rushing at 83 miles an hour: it then be-
comes certain that to overcome the steam in the boiler
it is only necessary to increase the speed of the water to
above 83 miles an hour, and the water will force itself
into the boiler.

It is a well-known fact that the steam pressure in
the valve-chest of a locomotive is actually greater than
it is in the boiler, this being due to the momentum with
which the steam rushes past the regulator and down the
steam pipe. .

In the same manuer the velocity of the steam rush-
ing through the injector is so great that it not only has
. force enough itself to rush back into the boiler, but also
carries the water with it.

Giftard’s patent has long since expired, and injectors-
are now made by various firms, principally by Messrs.
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Gresham and Craven, who have upwards of 100,000 of

their construction of injector in use,
Fig. 128 illustrates a section of the appliance, the

STEAM =

B8IEAM VALVE

OVERFLOW
Fig. 128.—Details of Injector.

steam valve, back pressure valve, stop valve, and regu-
lator being plainly shown.

The following are the instructions for working the
Gresham combined injector :—

(1) Open the water cock and turn on steam :
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(2) If there is any overflow, close the water regula-
tor until it ceases. The injector is then at work. The
water cock should be kept closed when the injector is
not at work.

The water pipe can be drained to prevent freezing
by closing the tender valve and opening drain cock
fixed on water pipe.

Should steam be blown into the tender through the
injector, the water pipe must be drained to clear it of
hot water.

The back pressure valve must be kept ground tight
upon its seat. This can be done, or the whole of the
cones can be removed if required, whilst the boiler is
under steam by first closing the stop valve.

It is well known to engine-drivers that injectors will
not work with very hot water, and in practice it is
not advisable for the water in the tender to be heated
to above 120 deg.

Having thus considered the theory of the injector,
we now turn to its practical results; the annexed
table shows the sizes 7 to 10 which are in general use
on locomotives, and the number of gallons of water
which each will supply per hour at pressures of from
100 to 180 lbs., and of course if the quantity per
minute is required it is only necessary to divide the
gallons by 60.

TABLE GIVING THE SizB AND DELIVERY oF COMBINATION
INsECTORS.
BOILER PRESSURB IN LBS. PER BQUARE INCH.

Bise of
Injector 100 110 120 130 140 150 160 170 176 180
in Milli-

metres. DELIVERY IN GALLONS PER HOUR AT ABOVE PRESSURES.
T e 970 1,020 1,060 1,110 1,150 1,190 1,225 1,265 1,266 1,276
8 .. 1,2701,330 1,390 1,450 1,500 1,650 1,600 1,640 1,655 1,670
9 .. 1,6101,680 1,760 1,830 1,900 1,970 2,030 2,080 2,100 2,120

10 .. 1,9802,080 2,170 2,290 2,350 2,430 2,600 2,560 2,585 2,610
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VALVE GEAR.

Reference has been made to several forms of valve
gear, for instance, those described at pages 45, 62, and
Howe’s celebrated link motion (page 87). Whatever
form of gear is employed, when the driver ¢ reverses ”
the engine he moves one of the valves so as to open
either the front or back port at pleasure. Now let us
trace the action of the steam. Upon the regulator
being opened, steam rushes from the dome or steam
pipe down to the valve chest, where in consequence of
the “lead”’ the valve is about one-eighth of an inch open
when the crank is upon the dead centre (the two
cranks are always made at right angles, so that one is
in a position to pull the other past its dead point).
The steam having entered past the valve, rushes into
the cylinder, and the period of admission’” com-
mences; the steam having forced the piston forward
for a distance of let us say eight inches, the valve
closes and no more steam is admitted ; this is known
us ““ cut off”’ or point of * suppression ”’; and for the
next part of the stroke the piston is mnot forced by
fresh steam from the boiler, but by the * expansion ”
of the steam which i8 imprisoned in the cylinder.

We will now suppose that  expansion’’ has done
its work, and that the piston has been forced, say to 20
inches: the period of ‘“release ”’ then arrives, when the
inside of the valve opens the port and permits the steam
which has done its work to rush from the cylinder,
through the inside of the valve to the exhaust port,
and then up the blast-pipe and out of the-chimney.
The ¢“lead ” of the valve causes it to open before the
piston arrives quite at the end of its stroke; this
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serves two good purposes: first, to form a cushion to
reduce the force of the advancing piston, and, secondly,
to enable steam to be entering the cylinder early, ready
for the next stroke.

An express engine having wheels of 7 feet dia-
meter, or 22 feet in circumference, passes over 88
feet, or four revolutions, per second, when running at
gixty miles an hour; thus in one second of time, there
must be ‘“admission,” “cut off,” “expansion,” * ex-
haustion,” and “ compression,” no less than four times
from each end of the cylinder, or a total of sixteen
“beats ” or exhausts of steam up the chimney per
second.

It is not necessary to tell engine-drivers that which
they know perfectly well—namely, that to save steam,
and consequently coal, they, by carefully regulating
the valve-gear and ¢ cutting-off’”’ the admission.of
steam to the cylinder as early as possible, can get
the greatest amount of work and expansion out of
the imprisoned steam in the cylinder.

JOY'S VALVE GEAR.

The fundamental principle of this gear is that eccen-
trics are entirely dispensed with, valve motion being
obtained from a point in the connecting-rod, produced
by a combination of two motions at right angles to each
other, and by the various proportions in which these are
combined, and by the positions in which the moving
parts are set with regard to each other, it gives both
the reversal of motion and the various degrees of
expansion required. By utilising independently the
backward and forward action of the rod, due to the
reciprocation of the piston, and combining this with
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the vibrating action of the rod, a movement results
which is suitable to work the valves of engines allowing
the use of any proportions of lap and lead desired.

The main valve-lever is pinned to a link, one end of
which is fastened to the connecting-rod, and the other
end maintained in about the vertical position by a
radius rod, which is fixed to the frame near to the lead-
ing axle. The centre or fulcrum of the valve-lever
partaking of the vibrating movement of the connecting-
rod, is carried in a curved slide.

From the upper end of the valve-lever motion is
communicated direct to the valve by the valve-rod.
It will thus be evident that by one revolution of the
crank the lower end of the valve-lever will have
imparted to it two different movements, one travelling
in length in consequence of the stroke, the other up
and down in consequence of the revolution of the
crank, these movements differing as to time, and cor-
responding to the part of the movement of the valve
required for lap and lead, and that part constituting
the port opening for admission of steam.

The former of these is constant and nnalternble, the
latter is controllable by the angle at which the curved
slide may be set by the driver. Very many forms of
valve-gear have been tried, but the “ Link ” motion is
the most satisfactory and gives the best results in

practice.
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RAILWAY SPEED.

At the time of the Northern railway racing, a number
of readers expressed a wish that this volume should con-
tain a Table of Speeds ascertained from mile distances,
and the table® annexed is accordingly given : —

Rartway Sexxp, Frox Tiae ne Szoowps Rumxine ONE MrLE.

Time Bpeedin Time  Bpeed Time B Bpesdin'
milesan  in 'mnu: in iﬂ’.:-d: “t? miles an
seconds. hour. | seconds.  hour. seconds. seconds. hour.
36- =100 4864 = T4 750 = 48 166-52 — 23
36:36 = 99 4931 = 73 76:60 = 47 16364 — 22
36:73 — 98 500 =172 7826 — 46 17143 = 21
87°11 = 97 50:70 = 71 800 = 45 3min.) __ 20
37:50 = 96 51:42 = 70 81-82 — 44 180- j—
3789 = 95 5217 = 69 8372 = 43 18947 = 19
3830 = 94 52:94 — 68 8571 = 42 2000 =18
38:71 = 93 53:73 = 67 87°80 = 41 211477 = 17
39°13 = 92 54:54 = 66 900 = 40 226+ =16
39°566 = 91 55638 = 65 9230 — 39 4min. ) __ 15 '
40° = 90 56'25 — 64 94:74 — 38 240 l’_
4045 = 89 5714 = 63 97-30 — 37 257°14 = 14
4090 = 88 58:06 — 62 1000 = 36 27692 = 13
41:38 = 87 5901 = 61 102:85 = 35 Smin. — 12
41'86 = 86 60 =— 60 105-88 — 34 32727 = 11
42:35 = 85 61-01 = 59 109°09 = 33 6min. = 10
4285 = 84 62:07 = 58 112:50 = 32 4000 = 9
43-37 = 83 6316 = 57 11613 = 31 4500 = 8
43'90 = 82 64-28 = 56 2min. 30 51428 = 7
4444 = 81 | 6544 =55 | 120 }"‘" 10min. = 6
45 = 80 66-66 — 54 124°14 — 29 12,, = 6
45667 = 79 67°92 = 53 128:57 — 28 16, = 4
4615 = 78 69-23 — 52 133:33 = 27 20, = 38
46°756 = 17 70:59 = 51 138°46 — 26 30, = 2
47-36 —= 76 72 =50 144 =25 60,, =1
48 =175 73:47 = 49 1500 = 24

* The table is, of course, obtained by the usual formula, namely, the
seoo::iﬂs in 323 l:ﬁm\—that is 3,(‘5;)0—dglide;i by the time 1;5;11:31]1l w
one mile ; ere can be no doubt that for timing very hi
more exaot results can be obtained from mile distances 'gum from

quarter-miles.
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Carmichael & Co., 656

Chicago Exhibition, 188, 189

Coal burning, 108

Collision at Thornton, 51

Compound engines, 128, 140;
compound (semi), 240

¢ Cornwall,”’ The, 101

- Crampton’s patent, 92, 99, 214,

215
Crewe Works opened, 90

DEAN, Mr. William, engines
by, 167, 178, 226

Design, main questions of, 247

Dome, an advantage, 168, 180,
231

Drummond, Mr., 182, 236

Diibs & Co., engines by, 116

Dunalastair, 227

Dundee and Newtyle, 55

Duke- of Sutherland’s engine,
¢ Dunrobin,” 222

EIGHT coupled wheels, 242
Eighty miles an hour, 140
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Eighty-one, 194
Empire State express, 190

Express engines, ¢‘6-coupled,”
194

FATHER of the locomotive, §
Four-cylinder engines, 22,
24, 192, 236
Four eccentrics, 62
Forrester & Co., 63

G_IFFARD injector, 258
Glasgow and South.-Western

engines, 122, 180

Gooch, Sir Daniel, 73, 94, 206

Gooch, Mr. John V., 91

Gradients, rates as to, 253

Grand Junction Railway, 74,
89

Grasshopper springs, 46

Gravity, centre of, of locomotive,
254

Gray, engines by, 97

Great Eastern, 141, 174

Great Southern and Western en-
gines, 170, 230

Great Western engines, 72, 76,
167, 201, 206, 226

HACKWORTH, Mr. T., 22
Haigh Foundry gear, 80

Harrison, Mr. T. E., 76, 204

Hawthorn & Co., 47, 64; valve
gear, 65

« Hector,” 79

¢« Hercules,” 56

Hetton Colliery engines, 18

High boilers, 106

Highland engines, 183

Holden, Mr., design, 140 ; liquid
fuel, 143

Holmes, Mr., 225

INDEX.

Howe's link-motion, 87
¢ Harricane,” 76

INJEGI‘OB, 110, 258
Inside cylinders an advan-
tage, 140
¢ Invicta,” preserved at Ashford,
35
Ivatt, Mr., 231, 237

JENNY LIND type, 212
Johnson, Mr. 8. W., en-
gines by, 126, 131, 161, 183
¢¢John Bull,”” 189
Jones, Mr. D., 222
Joy’s valve gear, 263

KIILINGWORTH engines,
12, 14
Kirtley, Mr. M., engines designed
by, 116, 116, 117, 119
Kirtley, Mr. W., engines by, 15¢
Kitson & Co., engines by, 126

LAN CASHIRE and Yorkshire
Railway, 160
Lambie, Mr., 182
Leioester and Swannington Rail-
way opened, 43; engines, 44,
46, 50, 56, 59, 79

- Link-motion, 87, 200, 263

Littlejohn, Mr., 227

Liquid fuel, 143

“ Liverpool,”’ 1834, 61

¢ Liverpool,” 1848, 102

Liverpool and Manchester Rail-
way, Rainhill trial, 30 ; opened,
36; engines, 31, 33, 37, 49,
57, 200

- Locke, Mr., 74

¢¢ Locomotion,’’ 20
London, Tilbury, and Southend
Railway, 166




INDEX.

London and North-Western en-

. gines, 90, 98, 100, 165, 181

London and North-Western Ju-
bilee, 234, 242

London and Birmingham Rail-

way, 47
London and South-Western Rail-
way, 91, 150
Long boilers, 84
ANCHESTER, Sheffield,
and Lincolnshire Railway

145 ; engines, 183, 223

Manson, Mr., 234

Marshall and Wood’s report on
Crewe and Wolverton engines,
106

McConnell, Mr., 83, 104, 216,

- 219

McIntosh, Mr., 227

Mersey engines, 160, 253

Middleton Railway, 7

Midland engines, 114, 201; goods,
116, 131 ; mineral, 126 ; tank,
117; <‘single,” 161, 183;
coupled, 134, 169 ; gradients,
163

Midland and Great Northern,

181
Motion, theory of, 249

NEILSON & Co., engines
built by, 113, 118, 121
Newecastle and Carlisle engines,

64
New York Central, 190
Nicholsqn, Mr. John, 45
¢¢Nine-ninety-nine,” 190
North-Eastern engines, 147, 148,
180, 229
North British engines, 160, 225
North London engines, 156, 182
North Midland engines, 84
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PARK, Mr., designs for North
London engines, 156

Pearson, Mr., designs, 107, 217

Pennsylvania engines, 194

Philadelphia and Reading en-
gines, 194, 196

Pollitt, Mr., designs for Man-
chester, Sheffield, and Lincoln-
shire engines, 183, 223

Pryce, Mr., designs for North
London Engines, 182

RAILWAY race, 137, 139
Railway speed, table of,.
266
Ramsbottom, Mr. John, 109
Reversing by steam, 123 ; by air,.
129 o

AND blast, 265
Sharp, Roberts & Co., 54,

70, 203

Sharp Brothers, 213

Sharp, Stewart & Co., 169, 181

South-Eastern engines, 154

South Kensington Museum, en--
gines preserved at: ¢ Rocket,’’
31; ¢ Sanspareil,” 34; ¢ Age-
noria,” 29; ¢ Puffing Billy,””
10

Speed table, 266.

Speed, high, 99, 101, 193

Steam springs, 14

¢ Stevens,” The, 189

Stephenson, Mr. George, first en-
gine, 13; Hetton engines, 18;
engineer, Stockton and Dar-
lington line, 19 ; drove ¢ North-
umbrian,” 35; the ¢ Comet,”
44 ; the ¢‘ Stephenson,’’ 42

Stephenson & Co., engines by,
19, 23, 27, 30, 38, 69;
¢¢Standard,” 67
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8tirling, Mr. P., engines for
Great Northern Railway, 138,
182

Stirling, Mr. James, 122, 154

Stirling & Co., 78

Stockton and Darlington Railway
opened, 19; engines, 21

Starrock, 107, 216, 221

Stroudley engines by, 124,
129

TABLE of speeds, 266; of

Great Western Railway
“irst locomotives, facing 73

Tank engine, 68 tons, 160.

Tayleur & Co., 65. 202

Ten-feet wheels, 76, 206

Ten-wheeled engines, 236

Tenders. bogie, 241

Theory of motion, 197

Three-cylinder engines, 93, 240

‘Thunderer, 206

Trevithink, Mr. R., §

Trevithick, Mr. F., 99

Tulk and Ley, Messrs., 92, 98

UNION Foundry, Bolton, 107

VAI‘,VE-GEAR, ancient, 45
Forrester's, 63 ; Hawthorn’s,

65 ; Roberts’s, 54 ; ‘Haigh
Foundry, 80; Howe’s, 87;
Joy’s, 263

Vauclain Compound, 193, 195

% Velocipede,” 100

Vortex blast pipe, 152

‘‘ Vulean ’ (Leicester and Swan-
nington), 66

“Vulean” (Great Western), 201

Vulcan Foundry, 65, 202

WEATHERBURN, Mr., 44
‘Webb, Mr., designs, 165,

186, 234; an impartial trial
necessary, 128

‘Westinghouse brake on Brighton
engines, 129, 138; on Cale-
donian engines, 229

‘Westinghouse ¢ quick-acting *
brake, 229

‘Whistle, the first steam, 52

‘Winby’s design, a failure, 181

‘Wilson, E. B. & Co., engines by,
98, 212

‘Wolverton, engines built at, 105,

- 111, 219

‘Worsdell, Mr. W., designs for
North-Eastern Engines, 148,
180, 229, 238

‘Worsdell, Mr. T. W., 147
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THE MECHANICAL ENGINEER’'S POCKET-BOOK.

Comprising Tables, Formule, Rules, and Data: A Handy Book of Reference
for Daily Use in Engineering Practice. By D. KiNNEAR me, M. Inst. C.E.
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, roundetl

SUMMARY OF CONT!.NTS'—MATHBIATICAL Tums.—llnuuuumrr OF SUI.-
FACBS AND SOLIDS,—ENGLISH AND FOREIGN WEIGHTS AND MEBASURES.—MONEYS.—
SPECIFIC GRAVITY, WEIGHT, AND VOLUME.—MANUFACTURED METALS.—STEEL PIPBS.
—BOLTS AND NUTS.—SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER,
BRASS, LEAD, TIN, ZINC.—STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—
STRENGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF

TERIALS.—

RIVETED jonns IN BOILER PLATES.—BOILER SHBLLS.—WIRE ROPES AND HEMP
ROPES.—CHAINS AND CHAIN CABLES.—FRAMING.—HARDNESS OF METALS, ALLOYS, AND
STONES.—LABOUR OF ANIMALS.—MECHANICAL PRINCIPLES.—GRAVITY AND FALL OF
BODIES.—ACCELERATING AND RETARDING FORCES.—MILL GEARING, SHAFTING, &c.—
TRANSMISSION OF MOTIVE POWER.—HEAT.—COMBUSTION: FUBLS.—WAR IG, VENTI-
LATION, COOKING STOVES.—STEAM.—STEAM ENGINES AND BOILERS.—RAILWAYS.—
TRAMWAYS.—STEAM SH[PS.—PUI(PING STEAM ENGINES AND PUMPS.—COAL GAS, GAS
ENGINBS, &c.—AIR IN MOTION.—COMPRESSED AIR.—HOT AIR ENGINBS.—WATHR
POWER.—SPEED OF CUTTING TOOLS.—COLOURS.—ELECTRICAL ENGINEERING,

“Mr, Chrkmlfemvhnhmlnmupetcepﬂonofvmhﬁkelywboud\llh pockat-
book, and he is real) nnrlvnnedln'mmofcondenuﬁon. It is very difficult to hit upon any
mechanical engin &' concmingwhichthhworkmpplhl -information, and the
excellent index at the end adds to its dea In one word, it is an exc y handy and efficient

of which the engineer be saved many a wearisome calculation, or yet more
wearisome hunt through various text-books and treatises, and, as such, we can recommend
&t to our readers.”— Engineer.

“It would be found difficult to compress more matter within a similar compass, or produce a
book of 650 pa_gu which should be more compact br convenient for pocket reference. . . . Will
be of all classes.”—Pyaatical Engincer.

L. A
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MR. HUTTON'S PRACTICAL HANDBOOKS.

THE WORKS’ MANAGER’'S HANDBOOK.

Comprising Modern Rules, Tables, and D-u. Fot Engi Mill

0 B ke T el Moy, and oWty
rass Foun c. urToN, Ci gineer,
The 2 dbook.”  Sixth Edmon, emﬁ.ny'

Author of *The Practical En, 's Hand
E:n":led' with Additions. In 8:'” d Volume,

[Just Pustished. 15

The Auﬂwy having compiled Rules and Data for his own uss in a great
vicyP. .‘mhcul“uugjouudh{smumd {ul

0
Lpubl ht g that a
ﬂu DAILY REQ TS OF mnmu,mld‘ /ammbly nodnd
“Of “t- - made upon the first and third.
Since the ° T the
total num! o8, tables, and
wol
m ted workshop
notes for 1 raspect. The
volume co al experience,
is selc
w moranda, and
d cal World.
*TI be work forms
a desirabl onnected with
" Be s have met a
v peactical mas
ng a copy.™

THE PRACTICAL ENGINEER’S HANDBOOK.

Com ng & Trmue on Modern Engmu and Boilers, Marine, Locom
%rw And g ; -rge oollecuon of Rules and
Dln relatin, to Recent Practice in and C g all hndsol
Engmel, Boilers, and other Engineering work. The whole oonmtu!mx a com-
ensive Key to the Board o“‘ Trade and other Examinations for Certificates
of Colnpetenc in Modern Mechanical En, dgmeenn& By WaLTzr S. HuTToN,
f E and M u:d Engineer, Author of * The Works’ Manager's Handbook
OI'

meui:' ith upwards of 430 lllu.sttmons. Sixth Edition,
nlarged Medium 8vo, 560 pp., strongly bound.
}m Published. 18/0

B~ This Work is designed as a companion to the Awthor's * Works'
MANAGER'S HANDBOOK." It possssses many new and original { 7es, and com-
taims, like sts predecessor, a quas of mttcruot ongwauy [{ d for publication
but collscted by the Awuthor Jor his own uss in the construction of a gnat varisty of
MODERN Eucmllnmc Work.

Ths information is givem in a condensed and concise form, and §s sllustrated by
wpwards of 43> Illustrations; and comprises a quantity of tabulated matter of grea
valus to all engaged in designing, constructing, or estimating for ENGINES, BoiLkrs,
and OTHER ENGINEERING WORK.

"Wohnvekeputuhnnd{ormonlwuh.wdnz to it as occasion arose, and we have not
on a single occasion consulted kquswlmmtﬁndlnxmchfom-donol-hlchnmhqm"

A thenaum.
A thorou; good practical handbook, which no engt can go g learning
something that m of urvku to him."—AMarine Engineer.

n for and a text-book for students of

“%’ nluahle mmul mbod#thmnbndupukweofmhdhgwmu

* The author has d together rish ity of rules and practical data, and has
shown muchjuchmemlnthoulecdmhn hl-nndu. + . . Thereis no doubx that this book is
one of the most useful of its kind published, and will be a very

* A mass ol’inl'ormntlonmdownlndmplehnzuze, lnalnmchulormmthm';
referred to at any time. The mttuuunll’ormlygoodmdw chosen, and is ly
by the illustrations. The book ﬁndlﬁnyonmmonmglmnﬁdmmhwmnnkn
O Ol of weeful nfartion, and should e foimd on‘ihe ofice shelf of all practical sagineers.

* Full of u: an on the
wBnolich Mechanic
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MR. HUTTON'S PRACTICAL HANDBOOKS—continued.

STEAM BOILER CONSTRUCTION.
A Practical Handbook for Engineers, Boiler-Makers, and Steam Users.
i a large Collection of Rules and Data relating to Recent Practice
in the Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, and Marine Steam-Boilers. By WALTER S. Hu‘r'roN, Civil and
Mechanical Engmeer, Author of “ The Works' M: er's Handbook,” *‘ The
Practical Engineer's Handbook,” &c. Wlth upwards of soo Illustrations.
Third Edition, Revised and mucL Enlarged, medium 8vo, cloth . . 18/0
D Tuis Wonx §s sssusd in continuation of the Scrus of Handbooks written
the Author, vis. :—* THE WoRKS' MANAGER'S HANDBOOK " and ‘ THE PRACTICAL
NGINEER'S HANDBOOK " mhwh are so highly appm:umd by enginesrs for the

practical nature of their J[ ; and is ly written in the sams styls
as those works.
The Awuthor bslisves that the ation ient form for sasy

reference, of such a layrge amount of thoroughly pmmcal _information om Steam-
Boilers, be of considerable service to those for whom it is intended, and he trusts
the book may bs desmed worthy of as favour a reception as has been accorded to
s predecessors.
. T :» books on boilers that has ever been published. The infor-
“and accessible form. So far IS genanuon is concemed, this
o masogement. 1s cloaity 14a before the reader.
ent, is cle:
ﬁ:m reduced to the condzlon of one of the most enct
nost value to the fin de sidcle and Works

a modem handbook on steam boilers ; there is not that room
Itisa thoroughly gmcdcal book for those who are occupied
or use of boilers.™
1d comprehensive a chl.ru:tar that it must find its way into the
iler using or boiler manufacture if they wish to be thoroughly
he book for the intrinsic value of its contents.”—AMacksnery

PRACTICAL MECHANICS' WORKSHOP COMPANION.
Comprising a great variety of the most useful Rules and Formulz in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for
Flcnllutlng Medm.mul Operauons. By Wlu.mu Tnunn‘roﬂ, Author of

““ The " &e. Eighteenth Edition, Revised,
Modernised, and consldenbly Enlarged by WAL'rn . HorToN, C.E' Author
of “The Works' Manager's Handbook,” * The Practical Engineer’ s Hand-
book,” &c.  Fcap. 8vo, nwly 500 PP.y 'Ilh [ Pltues and upwards of 250 Illus.
trative Diagrams, strongly bound for workshop or pocket wear and tear. 6/0

** In its modernised form Hutton's ¢ Temmon should have a wide sale, for it contains much

fon which dofnss.nndnmafewnb!uandnotuvhkh
he lookforhvaininotherworb. dnn'ﬂlhelppmchudbylllvho
have to value the original of'T lish
“ It has met with great success in the as we can testify ; and there are
a many men who, in a great measure, owe th du fe to this little book."—auildw
jews.
* This familiar text-book—well known to all hani i ial service
to the every-da uirements of engineers, milk nndthendnusmdmconmudwlth
mdlnf. ‘The new modernised I.l ltswdz‘hthzold. '—Building
Nm. ‘SecondNodce. N
well-known and largely-used book ins i up to date, oftha
sort so useful to the foreman and mun. So much fresh been i d as
consdtuult practically a new . It will be largely used in the office and workshop,"~
m{u{ World,

*The publishers wisely entrusted the task of revision of this popular, valual and useful
book wMt.glummmwhnmlmncompuutmnmcycouldm l' N7 "

ENGINEER’S AND MILLWRIGHT’S ASSISTANT.
A Collection of Useful Tables, Rules, and Data. By WiLLiAM TEMPLETON.
Eighth Edition, with Additions. 8mo,cloth . . . . . 2/8
**Occupies a foremost place among books of this kind. A more suitable rsen: to an

tice to any of the mechanical trades could not possibly be mde,‘—Bnﬂde
PPUSA desarvedly popular work, It should be i the of every mechanic, —Bwg Hsk

Mechanic,
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THE MECHANICAL ENGINEER'S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts. Part 1. GenxraL
ENGINEERING DATA. Part I1. BoiLer ConsTRUCTION. With g1 Plates and
numerous Illustrations. By Nxison Forzy, M.I.N.A. Second Edition,
Revised throughout and much Enlarged. Folio, half-bound, net . 8s.
PART 1.—MBASURES.—CIRCUMFERENCES AND ARBAS, &c., SQUARBS, CUBES,
FOURTH POWHRS.—SQUARE AND CUBR ROOTS.—SURFACE OF TUBES.—RECIPROCALS.—
LOGARITHMS. — MENSURATION. — SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
POWER. — HEAT. — COMBUSTION.— EXPANSION AND CONTRACTION. —EXPANSION OF
GASES.—STEAM.— STATIC FORCHS.—GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRER OF OSCILLATION.—ELECTRICITY.~—
STRENGTH OF MATERIALS.—ELASTICITY.—TRST SHEETS OF METALS.—FRICTION.~
TRANSMISSION OF POWBR.~FLOW OF LIQUIDS.—FLOW OF GASES.—AIR PUMPS, SURFACR
CONDENSHRS, &¢.—SPEED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES.
—COPPER SHRETS AND TUBRS.—SCRE NUTS, BOLT HBADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS Mn’rnn..—wrrn IAGRAMS FOR VALVE-GERAR, BELTING AND
ROPBS, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES.
PART IL—TREBATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES. — FLAT
PLATHS.—STAYS. — GIRDERS.—SCREWS, — HYDRAULIC  TESTS. — RIVETING, — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—EXAMPLES OF BOILERS AND SPEEDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIBTIBS OF BOILERS.
* Mr. Foley is well fitted to com| such a work. . . ‘The diagrams are feature
of the work. i Regarding mupv?l:okwork.hnuybevuyfddymmdthlt r. Foley has
uced a volume which will undoubtodly fulfil the desire of the author and become indispensable
all mechanical enginoers.”—AMarine Engineer.
“We hnve carefully examined this work, an 1k e ‘book
for the use of marine mz{noeu. " Forrnal (Amﬂmn Sodco val Engineers,

COAL AND SPEED TABLES.
A Pocket Book for Engineers and Steam Users. By NELsoN FoLEv, Author
of ** The Mechanical Engineer’s Refe Book.” Pocket-size, cloth . 8/8

TBXT-BOOK ON THE STEAM ENGINE.
With a Suppl on Gas E and PArT II. on HEAT ENGINES.
T. M. Gooprve, M.A., Barrister-at-Law, Professor of Mechanics at the Rq
College of Science, London Author of *“ The Principles of Mechanics,” *
Elements of Mechanism,"” &c. Fourteenth Edition. Crown 8vo,cloth . 8/0
* Professor Goodeve has given us a treatise on the steam engine which will beucompuhon
with anything written by Huxley or Maxwell, and we can awatd it no higher praise.”"—Engincer.

ON GAS ENGINES.
With Appendix describing a Recent Engine with Tube lg'mter. ByT M.
Goons:vn, M.A. Crown 8vo, cloth . 2/6

“Lil alerGmdnnwﬂﬁmthe&]menthnouupﬁonhpdntolmeuluceﬂmo
Itisa vllulblc little volume."—AMechanical

THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engineer. By E. W.
RoserTs, M.E. With Forty Full-page Enguvmgs. Small Fcay E‘dsvo, Ieather.
[Just Publis

A TREATISE ON STEAM BOILERS.
Their Strength, Construction, and Economiul Working. ByR. Wnsoﬂ. C.E.
Fifth Edition. 1amo, cloth . . 8/0

“ The best treatise that has ever been published on stum bodas"—Eng{nm
*“The author shows himself fect master of his subject, and we h recommend all
employing steam power to possess ves of the work."—Ryland's Iyon T Cireslay.

THE MECHANICAL ENGINEER’S COMPANION
of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres,
squares, cubes, roots, &c.; Weights, Measures, and other Data. Also Prac.
tical Rules for Modern Engine Proportions. hy R. EDWAlms M.Inst.C.E.

Fcap. 8vo, cloth. Just Published. 3/6
“A vary;_ useful Imle volume. It contains many tables, dmlﬁed data and memoranda
Aty useful to

* What i f handoﬁc ! fi of
gl to b 13 bandy offce compualon gong b 4 s o, ety
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A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of

Engine Makers, Mechanical Draughtsmen, Engineering Students, and users

of Steam Power. By HErmMAN HAEeDER, C.E. Trans ated from the German

with considerable additions and,alterations, lw H. P. Powres, A.M.I.C.E.,

M.ILM.E. Second Edltion, Revised. ith nearly 1,100 Illustrations.

Crown 8vo, cloth . . . . . . . . 9/0

“A perfect mc&:‘lopzdh of the steam engine a.nd its dcta.ils. and one which must take a pe-
mlnmt e in and —A Fe

his is an excellent | booﬁ( md should be in lhe hands of all who are interested in the con-

Imnlon and design of stationary A careful study of its contents and

arrangement of the sections leads to the conclusion that there is probably no other book like it

in this country. The volume aims at showing the results of

may claim a complete achievement of this idea.”—Nasure,

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Stabili x h on Lightning Conductors.
By RoBerT WiLsoON, A.l. C E., \uhor of & A Treatise on Steam Boilers,” &c.
Crown 8vo, cloth . . . . .

* A valuab to the of bulldlng "—T)u Builder.

BOILER MAKER’S READY RECKONER & ASSISTANT.

With Fxamples of Practical Geometry and Templating, for the Use of Platers,
Smiths, and Riveters, By JouN CourTNnEY, Edited by D. K. CLARK
M.ILCE. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . 7Id

* No workman or apprentice should be without this book."—/Jyon Trade Circular.

REFRIGERATION, COLD STORAGE, & ICE-MAKING:

A Practical Treatise on the Art and Smence of Refrigeration. By A. J.
WaLLIS-TAYLER, A.M.Inst.C.E., Author of ‘‘ Refrigerating and Ice-Making
Machinery.” 600 pp., with 360 Tllustrations. Medium 8vo, cloth,
[Just Pubh.r/mt'. Net 15/0
“The author has to be d onthe letion and production of such an impor-
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in
any way be of value to those interested in the subject.”—Steamship,
*"No one whose duty it is to handle the reserving lati of these latter days
can afford to be without this valuable book.' '—Gl:z:gm erald.

THE POCKET BOOK OF REFRIGERATION AND ICE-
MAKING FOR 1902,

Edited by A, J. WALLIS-TAYLER, A.M.Inst.C.E. Author of *‘ Refrigerating
and Ice-making Machinery,” &c. With Diary and Almanac. Small Crown
8vo, cloth. [Just Published. Net 2/8

REFRIGERATING & ICE-MAKING MACHINERY.

A Descnﬁtwe Treatise for the Use of Persons Employing Refrigerating

and Ice-Making Installations, and others. By J. ALLIS-TAVLER,
A.-M. Inst. C.E. Third Edition, Revised and Enlarged. With Illustrations.
Crown 8vo, cloth. [Just Published. 7/8
“P explicit, d.”

“We recommend (he book, vhk:h ives the cost of vaﬂous systems and ll.lustradons showing
detalls of parts of and cmen.l'i of

facts, * May be a&ecommen led as'n useful d of th f and of th
subjecg‘“—?ngim ysics of It Is one of the but compilations on the
TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva-

tion of the Tea Plant and t.he Preparation of ea for the Market. By A. J.
WALLIS-TAVLIR, A.-M. Inst. C.E. Medium 8vo, 468 ): With 218
Illustrations. [Just Published. Net 25/0
* When tea ting was first introduced into the British possessions little, if any, machine:
was employed, butpll;?wi?g use is almost universal, This volume contains a ve: 'ful] ncycoum of u.'{
machinery necessary for the proper outfit of a factory, and also a description of the processes
carried out by this machinery.”—Fournal Society of Arts,
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ENGINEERING ESTIMATES, COS‘I'S. AND ACCOUNTS.
Guide to Commercial Engineering.
and Costs of Millwright Worl: Mucelhneo\u Producti Steam Engmu lnd
Steam Boilers; and a on the Pr o‘:'néosu
A GENERAL MANAGER. Second Edmon 8vo, cloth. [Jwst Publsshcd. 1 2[6

This is an excellent and n—lulbook. sub -numhcomnt
mmy"m “'! cmm m&

-bnwmmtw cv:r
" accord the work qullﬂ pnhl. mhb'mlﬂmhmh plain, straightforward

u.wl:db-nmmgho:tn cth 'u:quhu:eo

every phase of {al . “ Aanical World.

AERIAL OR WIRE-ROPE TRAMWAYS.

Their Constructionand Management. BgA.j.Wu.uyTAﬂ.n, A.M.Inst.C.E.
With 81 Illustrations. Crown 8vo, (/ust Published. T8
*“This is in its way an excellent vohmo. thon"mg luwdnmlnuﬂ:olthnub{:ﬂ.k
mhysba[onltsmdonlvmgoodu?nﬂbnofthev systems of rope transmission
and gives as well not a little valuable information about their work{ng repair, and management.
We can safely recommend it as a useful goneral treatise on the subject.”—The Engincer.

MOTOR CARS OR POWER-CARRIAGES FOR COMMON

By A. WALus-TAmn, Assoc. Memb. Inst. C.E., Author of ‘‘ Modern
Cycles, &c. ana Pp., with 76 lllunmlons Ctown 8vo, coth . . 4/68
* Mr, Wallis-Tayler's book is a wel ddition to the 1 olthem?den.uitkm
pmducdonofun&ﬂl:er.mdhu beenvrmenwimavkwwudstin of
companies. book is clearly expressed throughout, and is just the sort of work that
an engineer, thinking of tumlnz hh ;_nun to motor-carriage work, would do well to read asa

y to ngineering,

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Joszen G. Homl,
AM.I.M.E. 380 pp. with 338 lllunmlons. Crown 8vo, cloth . 7/8
Thchmpmdmﬂonffouthlpuofthh s rh ‘byﬂut O ollou
with which render the book ex: accoptable to the
practical hand. . A practical hnndbookonn subject which hu erto received much
tbnfnmthmequlﬂhdtodulvhhk ical Wovld,

PA’I’TERN MAKING.

i b the Main T of En Construction,
nnd mcludm ennng both l'rand and M: ncm mnde,%n gmeiVotk Shuvea

and Pulleys, Columns, Screws, Machine Pms, Pumps and Cocks,

the Moulding of Paueml in Loam and &c. with the
methods of estimating the weight of Cunngs with an Appendix of Tnbles for
Workshop Reference. By JosxrH G. Homn, A.M.I.M.E. Third Edition,
Enlarged. With 486 Illustrations. Crown 8vo, cloth . . . Net 718

“ A well-written kechnkll guide, evidently written by 2 man who understands and has prac-
ﬁsedvhnhohumhunn ,'..Wectmnnllyncommmd uocMmdmu.

} 7 An excellent udc mecum for the apprentice who desires to bocomo master of his tnde.
—Bnglish Mechansic,

MECHANICAL ENGINEERING TERMS

g,ockwood s Dictionary of). Embracing those current in the Drawing Office,
attern Shop, Foumlry, Fitting, Turning, Smiths', and Boiler Shops, &c. Com-

rising upwards of 6,000 Definitions. ited by J G. Hontn, AM.ILM.E.
hu'd ition, Revised. Crown 8vo, cloth . . . Net 78
** Just the sort ol hmd! dictionary required by the various trades in mechanical en-
The will find the book of great valu studies, and
2 gt hanic sh hgee a copy.. "'—Guilddgw News. © over

TOOTHED GEARINO.
A Practical Handbook for Offices and Workshops. By Josnn Homn.
AM.ILM.E. With 184 Illustrations. Crown 8vo, cloth QIO
** We must give the book our unqualified praise for its thorou,

ghness of trulmqu
beartily recommend it to all interested as the most practical book on the subject yet wrlnu. -
Mechanical Weorld,

FIRES, FIRE-ENGINES, AND FIRE BRIGADES.
With a History of Fire-Engines, their Construction, Use, and Manage-
ment; Foreign Fire Systems; Hints on Fire- Bng:des. &c By CHARLES
F. T. Young, C.E. 8vo, cloth . 81 4.
“Tomhol ouru:f_hn ua'nhwged in the wb‘.et o(ﬁ- lnd ﬁlllppltltnl we can

rrrmt oo atile o s ao B o
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AERIAL NAVIGATION.
A Practical Handbcok on the Construction of Dirigible Balloons, Aéiostats,
Aérop'anes, and Aéremotors. By FREDERICK WALKER, C.E., Associate
Member of the Aéronautic Institute. With 104 Illustrations. Large Crown
8vo, cloth, [Just Published. Net. T7/6

STONE-WORKING MACHINERY.

A Manual dealing with the Rapid and Economical Conversion of Stone. With
Hints on the Arrang, and M of Stone Works. By M. Powis
BaLe, M.I.LM.E. Second Edition, enlarged. Crown 8vo, cloth 9/0

** Should be in the hands of every mason or student of k."—Colliery ( die
“A handbook for all who stone for or
Machinery Market, .

PUMPS AND PUMPING.

A Handbook for Pnn‘? Users. Being Notes on Selection, Construction, and
anfemenL By M. Powis BaLe, M.I.LM.E. Fourth Edition. Crown
8vo, cloth. [ Just Published. 3|8

“ The matter is set forth as isely as In fact, d rather than diffuse-
noss has been the author’s aim throughout ; yet he does not seem to have omitted anything likely to
be of use.”"— Fournal of Gas Lighting.

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shaping Metals by Rotary Cutters. Including
Information on Making and Grin. in%ghe Cutters. By Paur N. Hasruck,
Author of ‘ Lathe-Work.” 353 pp. ith upwards of 300 ings. 11;73

crown 8vo, cloth . . . . .
We can recommend this work to all in-

batldi "

“A new in engineering 1 e
terested in milling machines ; it is what it professes to be—a practical treatise.”—ZSngvneer.

** A ca and reliable book which will no doubt be of considerable service both to those
who are already acquainted with the process as well as to those who its adoption.”—

LATHE-WORK.
A Practical Treatise on the Tools, Appliances, and Processes employed in
the Art of Turning. By P.N. HasLuck. Seventh Edition. Crown 8vo. /0O

"Wdtmbynmnwhoknomnmunlylwwwtkoﬁhkwbodom,butwhoalsoknovshnw
h:dolt.andhowwconwyhhkmvlodgemom To all turners this book would be valuable,"—

“Wec.anul‘dymcommendthcworktoyo engineers. To the amateur it will simply be
javaluable. To the student it will convey a great of useful information. " —EBngéneer. Pl

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and comple.e
Directions for using Screw-Cutting Lathes. By Paur N. Hasruck, Authcr
of * Lathe-Work,” &c. Fifth Edition. Waistcoat-pocket size (-
* Full of useful ion, hints and jcal criticl Ta and screwing tools
generally are illustrated and their actions described.”—Mechanical Wo'f:'df““'
“ It is a complete comnendlum of all the details of the screw-cutting lathe ; In fact a wssitss. -
én-parvo on all the subjects it treats upon."—Carpenter and Builder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Francis SmiTH. Sixth Edition, Revised, including
ELECTRICAL TABLES, FORMULE, and MEMORANDA. Waistcoat-pocket size,

limp leather. [Just Published. 1/6

* It would, perhaps, be as difficult to make a small pocket-book selection of notes and formula

to sult ALL engineers as it would be to make a universal medicine; but Mr. Smith’s waistcoat-
pocket collection may be looked upon as a 1 "—Eng A
* The best example we have ever seen of of useful matter packed into the dimen.

slons of a card-case.”—Bwilding News. “nzo ms pocket treasury of knowledge.”—Jrom,

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,
Engineering, Manufacturing, and Nautical Professions. By JonN James
FLETcHER. Third Edition, 200 pp. Waistcoat-pocket size, leather . 1/@
" d d to ha
o targe S BTy Erest advastage fot reades snd comespondeats bn France and England o base
volume. _The little book will be useful both to students and travellers."—A rchitect.
** The glossary of terms is very complete, u#mnyolnn‘hblummmd well arranged,
We cordiall d the book."—Mechanical Wovld
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THE ENGINEER’'S YEAR BOOK FOR 1902.

Fon:mln, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine Engineering. By H. R. Kxure, A.M. Inst. C.E.,
HIE.E. Principal Techni lcdg‘ﬁcer n neet-m-Chlef'sO ce, General Post
Office, Londou, Authol' of “A Hand of Electrical Testing,” *‘ The
Electrical ocket-Book,” &c. With 1,000 lllmuanom s 6
l’.n;uvedfor 'uk. Crown 8vo, goo pp., leather. [ Just 8/
Year Book really tequires no commendation. Its sphere of usd'nlncs Is widely
ho'n. nd is used by engineers the world over."—7TA¢« Bngineer.

“The volume is distinctly in advance of most similas biicati in this Y-
“WMMﬂMMMMWMthdMM
“ Tosms with up-to-date information in every beanch of engineering and on. "=

-m.&a«mmmmwu in a more admirable,
complete and convenient form. T that it more than sustains all comparisons is praise of the
m:;t.-:unyjuﬁyho of it."—Mining Fewrnal.

certainly room for the newcomer, which suj explanations and
'olubt:h-dhhhu ltmnmmdtgﬂ- successful of the

annsals. ‘A
* Brings together with great skill all the technical information which has to
day by day. It is in every way admirably equipped, and is sure to prove o -Sam—:.-
“The u, of Mr. K 's tion Is that will not be lost on the

i, m&mb s, -po mplh a Quality on busy

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam Engmel guenlly By WiLLiam Dvson
WanssrouGH. Crown 8vo, cloth 3/8
* This is a work of value whi

uuvbolmam. mu?ﬁ?«&%—%fh"mww“md"m

commdthhmkwbu and owners of steam-engines, and to those who
wdom rmrna;yow
*8uch a mﬂhovhdp ol‘thcm-ughouur melmhfnmkbutothcmdu

Mldbolcquhdbynlllnnm‘-n and others who use the steam-engine.”—53:
“Mmmbookdthhunml form of engine. The * Hints to Purchasers’ cmuhl
good deal of and "—Buglish Mechanic.

STATIONARY STEAM ENGINES.

Their Care and Management. By CuarrLes HussT, Autaor of *‘ Valves and
Valve Geariag " Crowa 8vo. (In the press.

IRON AND STEEL.

A Watk for the Fo:ge Foundry, Factory, and Office. Containing ready,
useful, and trustworthy Information for Ironmasters and their Stock-takers
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal
Foun en, Iron ghlp and Bridge Builders; Mechanical Mlmng, and Con-
sulting Engineers ; Architects, Contractors, Buil Lders, &c. ﬁy CHARLES HOARE,
Authct of Thg Slide Rule," &c. Ninth Edition. 3amo, leather . 8/0
* For comprehensiveness the book has not its equal."—Jrom.
*One of the best of the pocket books."—Emglisk Mechanic.

CONDENSED MECHANICS.
A Selection of Fonnul% Ruhﬁ, Tables, and Data for the Use of En, neain
Students, &c. By W. UGHES, 'A.M.L.C.E. Crown Bvo, cl 2/&

“The book is well fitted for those who are eithe
thelr work, or are pnﬂngoreumlnldonmdwbhmnﬁuhmd:knowledze golnghuvuzh
thelz form: uhng?—'nmb'w el

THE SAFE USE OF STEAM.

Conuiningsilulu for Unprolusioml Steam Users. By an Ex«:mnln. Seventh

"lfmmumwonldbutlnmmsutﬂcbook heut.bolluuplodonswwldb.eme
by thelr rarity."—Bmnplish Mechanic, i
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THE LOCOMOTIVE ENGINE.

The Autobtﬁn]g)hy of an Old Locomotive Engine. By ROBERT WEATHER.
BURN, M With Illustrations and Portraits of GERORGE and ROBERT
STEPHENSON. Crown 8vo, cloth, [Just Published. Net 2/6
SUMMARY OF CONTENTS: — PROLOGUE.—CYLINDERS.—MOTIONS.—CONNECTING
RODS.—FRAMES.—~WHEELS.—PUMPS, CLACKS, &c.—INJECTORS.—BOILERS,~SMOKE BOX.
—CHIMNEY.—WBATHER BOARD AND AWNING.—INTERNAL DISSENSIONS,—ENGINE
DRIVERS, &c.
“ It would be d.lﬁcult to lm e an worked
out, and more agin m ot m to ﬁnd tﬁe volumo most eqloylble. '—
Glasgow Herald.

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in leway Engines
between 1803 and 18¢g6. By CLEMENT E. STrRETTON, C.E. Fifth Edition,
Enlarged. \271:11 120 [llustrations. Crown 8vo, cloth. [Just Published. 8/6

* Students olnnway history and all who are in_the lution of the di
Ixcomotive will find much to attract and entertain in this volume.”"—7Ae Times.

LOCOMOTIVE ENGINE DRIVING.

A Practical M | for Engineers in Charge of Locomotive Engines. By
MicHAEL R“Nows. Member of the Society of Engineers, formerly Loco-
motive Inspector, L. B. & S. C. R. Eleventh Edition. lnclndmg a Kev 10
THE LocoMoTIvE ENGINE. Crown 8vo,cloth . . 4/6

“ Mr, Re lds has mpgl:d a want, and has supplied it well. We can con.ﬁdnnﬂy
mend the boo! noconlyto dﬂmbutwevuyomwhnnkumintemhth

of locomotiv eenzines."
“ Mr. Reynolds opemdlnewchlptetln the literature of the day. His treatise is

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a_Historical Notice of the Pioneer

Locomotive Exigmes and their Inventors. By MicHAEL REVNOLDS. Second

Kdition, with Revised Appendix. Crown 8vo, cloth. [Just Pubiished. 4/8

* From the technical kno of the author, it will appeal to the railway man of to-day

more forcibly than anything written Dr. Smiles. « .« The volume contains rmation of a
technical kind, and facts that every dr{m should be ﬁmllnl with."—English Mechawsc.

"Wuahouldbeghdtomthisbookhm of Yy in the who has

CONTINUOUS RAILWAY BRAKES.
A Practical Treatise on the several Systems in Use in the United Kingdom :

their Construction and Performance. ith copious Illustrations and numerous
Tables. By MicHAEL REVYNoLDs. 8vo,cloth . . . . . 90
“ A popular ex on of the different brakes. It will be of great assistance ins
ﬂbﬂc opinion, and be studied with benefit by those who take an interest in the bnka.”—Ewau‘
lechansc,

STATIONARY ENGINE DRIVING.

A Practical Manual or Engineers in Charge ot Sutlonnry Engmes. B
MicHAEL R:vuoms Sixth Edition. Crown 8vo, cloth . 3

“ The author is ghly inted wlth his subj and his advice on the v-rlous pdnls
is clear and al, as produced a manual which is an excoedingly useful
one for the class for whom it is spechlly intendod." neering.
“Our author leaves no stone unturned. He is determined that his readers shall not only
know about the engine, but all about it."—Emngincer,

ENGINE-DRIVING LIFE.
Stirring Adventure and Incidents in the Lives ot Locomotive Engine-
Drivers. By MicHAEL REyNoLDs. Third Edition. Crown Bvo,cloth 1/8

* Perfectly fascinating, Wilkie Collins's most thrilling com:epdou are wn_into the
shade by true ncidents, cidless in their variety, related in every page. —North arauh Mail,

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for Engi ncmen, Boiler Attend and Mech

By MicuaEL REyNoLps., With 45 I and Diagrams.
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear, 8/6
‘l‘hkldmlrableworkhwallnll;edw accomplish its object, being the honest workmanship

ofa
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CIVIL ENGINEERING, SURVEYING, &c.

LIGHT RAILWAYS FOR THE UNITED KINGDOM,
INDIA, AND THE COLONIES.

A Practical Handbook forth the ;Ies on which Light Railways
should be Constructed, Worked, and Fi mddeulllngtbeCostd
Construction, Equipment, Rovumonnd orking Expenses of Local Railways
already mbli:hedmthcnbonmuonedconnm and in Belgium, F;
Switserland, &c. By J. C. Mackay, F.G.S., A.M.Inst. CE. Iflustrat
mthPluulnleqnms. Medium 8 vo,doth. UNMW 18
“Mr. Ihchyivohno d‘ulylnd written, admirabl; d, and freely
‘The book is exactly what has besn wanted. We d it to all
in the subject. It is sure to have a wide sale."—R. News.
TUNNELLING.

A Practical Treatise. By Cuaxizs Pzzuni, C.E. With additions by
CuarLes S. Hirr, C.E. Including 150 Diagrams and Illustrations. Ro

8vo, cloth. [Just Published. Net 18/0
PRACTICAL TUNNELLING.

Explai detail Setting-out the W Shaft and Heading-driving,

Lo "I"S: Lmu md mllmg n:dker..'gound Sub-Excavating, 'Funbenn(

Brickwork of nel's. vmh the amount of Labour

reqmnd for, and du Cost of, the various portions of the work. By FrEpERICK

Snm:‘mu Inst.C.E. Founh Edition, Revised and Further Extended,

most recent (13?5) Exmples of Sub-aqueous and other Tunnels,
by D. KINNEAR CI.ARK. lmpmd 8vo, with 34 Folding Plates

and other Illustrations. Just P hed. 52 Q.
"Tlnmml(llgﬂodduhubon Mtuphdltc.udh mdeudlvorktn
which civil engincers should have y access, and to h engineers who have coa-
struction work can hardly afford to be without, but which to the members of the profession
from its they loarn state to which 5: science of tunnelling has

"mmnuhwuch M. Simms’s book has been heid for many years cannot be more
truly expressed than in the words of the late Prof. Rankine: ‘ The best source of information on
unnbjoctolmnuhhur F. W. Simms's work on Practical Tunnelling.’ "—dA rokitect.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.
By W. K. BurToN, A.M. Inst. C.E., Professor of Sanitary Engineering in the
Imperial University, T Japan, and Consulting Engineer to the Tokyo
Water-works. Second Edition, Revised and Extended. With n

Plates and Illustrations. Super-royll 8vo, buckram. [/ws¢ Puélubd 25[0

1. INTRODUCTORY. — II. DIFFBRENT QUALITIBS OF WATER. — III. QUANTITY OF
WATER TO BE PROVIDED,~IV, ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY IS SUFFICIENT.~V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BR PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VIl. IMPOUNDING RESER-
VOIRS,~V{Il. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATBR.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XI1II, PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIMB, NATURAL
FILTRATION.—XIV. SERVICE OR CLEAN WATER RESERVOIRS—WATBR TOWERS—STAND
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS.—XVI. PUMPING MACHINERY.—XVIl. FLOW OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS,—XVIIL. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR _THR EXTINCTION OF FIRE.—XX.PIPES FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATBR.—XXII. VARIOUS APPLICATIONS USED IN CONNECTION
WITH WATER-WORKS.

APPENDIX 1. By PROF. JOHN MILNE, R.S.—CONSIDERATIONS CONCERNING THE
PROBABLE EFFECTS OF EARTHQUAKES ON wu‘n woxxs, AND THE SPECIAL PRB-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COU!

APPENDIX II. By JOHN DE RIJKE, C.E —ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

“‘I‘Iwchlpuru ﬂmﬁonofwm'hmycompleu.mdmdetﬂsofcommcﬂonwd
ustra e work should be in work in
Japan, but the interest Il by no means confined to that locllity —Ew

“We congramhte the uutnor upon the practical commonsense shown in the preparation of

work. and have been d with and

s y prep great care,

:mmﬁﬂtnbaofgrn& to the "emBuslder.
Tuwhmmﬁmmucmmmhduhvlthhlnhuuld comprehensive fashion

hthhhnndmmlume. « « o« Mr Burton's treatise shows in all its sections the fruit

of t stu d individual ﬁ based his
independent d'“whlch axpemnce. ‘l:rhnly upon own practice in the
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THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiam HuMBER, A. M. Inst. C.E., and M. Inst M.E., Author of * Cast

and Wrought Iron Bridge Construction,” &c., &c. Illustrated with so Double

Plates, 1 Single Plate, éoloured Frontispiece, and upwards of 250 \il

and containing 400 pp. of Text. Imp. 4to, elegantly and ially

balf-bound in morocco . . . . . Net £6 Bs.
List or CONTENTS.

1. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE BEEN ADOPTED FOR
THR SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND THE FORRIGN MATTER
USUALLY ASSOCIATED WITH IT.—IIl. RAINFALL AND EVAPORATION.—IV. SPRINGS AND
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.—V. MEASUREMENT AND
ESTIMATION OF 1HE FLOW OF WATHER.—VI. ON THE SELECTION OF THE SOURCE OF
SUPPLY.—VII. WELLS.—VIII. RESBRVOIRS.—IX. THE PURIFICATION OF WATER.—
PUMPS.—XI. PUMPING MACHINERY.—XII. CONDUITS.—XIII. DISTRIBUTION OF WATER.
=-XIV. METERS, SERVICE PIPBS, AND HOUSE FITTINGS.—XV. THE LAW OF ECONOMY OF
WATER-WORKS.—~XV1, CONSTANT AND INTERMITTENT SUPPLY.—XVII. DESCRIPTION OF
PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY, VELOCITIBS, &c., &c.,
TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH
WILL BE FOUND : ABERDEEN, BIDEFORD, CANTERBURY, DUNDER, HALIFAX, LAMBETH,
ROTHERHAM, DUBLIN, AND OTHERS.

** The most systematic and valuable work upon water su; hitherto produced in E:glhlsh. or
in any other languag‘. It is clmracterlsed alm‘:;n throughout ppl{’ p
dmincﬁve of French and German than of English

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for small Country Districts. By ALLaN GreEEnweLr, A.M.I.C.E.,

and W. T. Curry, AAM.1.C.E., F.G.S. With Illustrations. Second Edition,

Revised. Crown 8vo, cloth. [Just Published. B/0O

* We consclentio recommend it as a very useful book for those concerned in obtaining
mcrforsmalldlstncts. ving a great deal of pi 1 infc in a small

he volume cont n all d with water supply

.0 Full of details on points which are condmnlly before water-works engineers.”—

HYDRAULIC POWER ENGINEERINO.

A Practical M. 1 on the C ion and Transmission of Power b
Hydraulic Machinery. By G. CRoYDON Marks, A.M. Inst. C.E. Wi
nearly 200 Illustrations. 8vo, cloth. [Jwst Published. Net ©/0

SUMMARY OF CONTENTS :—PRINCIPLES OF HYDRAULICS.—~THE OBSERVED FLOW
OF WATER.—HYDRAULIC PRESSURES, MATERIAL.—TEST LOAD PACKINGS FOR SLIDING
SURFACES,—PIPE JOINTS.—CONTROLLING VALVES.—PLATFORM LIFTS.—WORKSHOP,
FACTORY, AND DOCK CRANES.—HYDRAULIC ACCUMULATORS,—PRESSES,—SHEET MBTAL
WORKING AND FORGING MACHINERY,—HYDRAULIC RIVETTERS.—HAND, POWER, AND
STEAM PUMPS.—TURBINES.—IMPULSE AND RE-ACTION TURBINES.—DESIGN OF TUR-
BINES,.~WATER WHEELS,—HYDRAULIC ENGINES,—~RECENT ACHIEVEMENTS,—TABLES.

“We have nothing but praise for this thoroughly valuable work. The author has succeeded
in mdenng his subject interesting as well as instructive.”—Practical Engs

“Can be unhesitatingly recommended as a useful and up-to-date mamul on hydraulic trans.
mission and utilisation of power.”"—Mechanical Worid,

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAZE.
For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formula, Tables, and General Information on Rain-fall,
Catchment-Basms, Drainage, Sewerage, Water Supply for Towns and Mill
Power. !K Joun Neviiig, Civil lfngmeu-, JR I.A. Third ition,
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 14/0

* It is, of all English books on the subiect, the one nearest to completeness,”—A rchitect,

HYDRAULIC MANUAL.
Consisting of Working Tables and Expl y Text. I ded as a Guide in
Hydraulic Calculations and Field Operations. B Lowis D'A. JAcxsoN,
Author of ‘‘Aid to Survey Practice,” ‘Modern eu'ology," &c.
Edition, Enlarged. Large crown 8vo, cloth . . . 10/0

“ The author has constructed a mamul which may be u:oepted as a trustworthy guide
to this branch of the engi: 12 ng.

WATER ENOINEERINO.
A Practical Treatise on the M and Utilisa.

Storage, Con
tion of Water for the Supply of Towns, for Mlll Powet and for other Purposes.
By C. SLAGG, A. M. Inst. 5 /

Second Edition. Crown 8vo, cloth . 7/8
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THE RECLAMATION OF LAND FROM TIDAL WATBRS.
A Handbook for Engineers, Landed Proprictors, and others interested in
Works of Reclamation. By ALExANDER Brazzixv, M.Inst. C.E. With
Illustrations. 8vo, cloth. Unwst Publisked. Net 1016

** The book shows in a concise way wmhulohodoneinmdnlmlnghndfmmtbelu.lnd
the best way of doing it. ‘l‘hcvmrkconulnum of peactical nnd information which
cannot fail to be of service to vmn.h f salt hes, and to land-
ovmlnk mlalmhﬂfnmun-a. BEngineer.

“The au has carried out hhutkcﬁchtlynndwdl.uvdhkbookcmhunhm
amount hknnulm great sorvice to and others in works of reclamation.”
—Nature.

MA&ONRY DAMS FrROM INCEPTION TOo COMPLETION.
Du’nm of Forea, &lrc. F;l dl:e use g‘f SCI ﬁa‘:;wﬁn::;d Lmd‘lmu, pocks:
Coustngv, M. Inst. C.E. 8vo, cloth. ‘ 9[6

*“ The volume contains a deal of valuable data, an fnmhbuthemlnmvithpncﬁal

advice. Many useful will be found in the remarks on sit
of dam, and coastruction, "—Bwilding News.

RIVER BARS.
The Cnm of tbeir Formation, and t.helr ‘l‘reatment by “Induced Tidal
Scour”; with a the by this Method of
the Bar at Dubhn. By! J Mnm. Assist. Eng to the Dublin Port and Docks
Board. Royal 8vo, cl . 718
“Wemd all hmmd in huibout vofh—lnd. Indud" thou concenudh the
of r 40 read Mr. Mann's

P

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.
bracing a Comprehensive Hi. exhausti
Al:;lym of the Various Mov:el olf" %’,lc:‘on';hlenc?m: h;‘:eh l:gver,_ Steu:
Cable Traction, Electric Traction, &c.; Dual tion of the Varieties of
Rolling Stock; and ample Details of éon orking Expenses. New

KEdition, Thotong y Revised, lnd lncludmk reoend made in
Tramway Construction, &c., &c. INNEBAR me, nst. C.E.
With 400 Illustrations. 8vo, 780 pp., buclntm. Published. 28/0

“ The new volume is one which will rank, mmtmnymghmmdmmhtmh
tramway working, with the Author's world-famed on railway machinery.". Engincer.

SURVEY]NSROI? PRACTISED BY CIVIL ENGINEERS
ND 8

Including the Semng-out of Works for Construction and Surveys Abroad, with

many Examples taken from Actual Practice. A Handbook for use in the Field

the Office, intended also as a Text-book for Students. By JoHN WHITE-

[)\m A.M. Inst. C. E., Author of ‘ Points and Crossings.” With about

260 il trations, Demy 8vo, cloth. [Just Publis. Net 10/6

PRACTICAL SURVEYING.
A Text-Book for Students pre “Pmng for Examinations or for Survey-work in
the Colonies. By GEORGE UsiLr, A.M.I.C.E. With 4 Plates and up-
wards of 330 Illustrations. Seventh Edmon Including Tables of Natural Sines,
Tangents, Secants, &c. Crown 8vo, cloth 1/6 H or, on THIN PAﬂm, leather,
gilt edges, for pocket use. . . 12/8
*“The best forms of instruments mducdbed as tol.hdtconﬂ.rucﬂon, ul-nd modes

of em t, and there are innumerable hints on work and equipment such as the authos, in
his ex; ¢ as surveyor, and bas found Yy, and which the student
in his perience will find most serviceable.”"—Engsneer.

* The latest treatise in the English langu on surve ., and we have no hesitation in say-
ing that the student will find it a better gu ethlnanyolu predecessors. Duumtobe
Anc utheﬁmbook'hlchlhnuldhspu!hmehndsoflpuwofdvnw

AID TO SURVYEY PRACTICE.

For Reference in Surveying, Levellin, 5v and Semnf-out and in Route Sur.
veys of Travellers by Land and Sea. ith Tables, llustrations, and Records.
By Lowis DA. Jacxson, A.M.L.C.E. 8vo, cloth . . . . 12/68

an

We this
ldmlnbk supplemem to thc teuhing of the u:com ed surveyor.”— A thenaum.,
to his work a fortunate union of theory and experience which,
nldodbynduund nyho(wﬂﬂnz.mdmmbook-m one,”"—Bwuilder,
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SURVEYING WITH THE TACHEOMETER.
A practical Manual for the u.sc of Civil and Military Engmeers and Snrveym‘s.
Including two series of Tables specially for the R of
Readlngs in Sexagesimal and in Centesimal Degreu. By Nen. Kenneby,
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Nez 10/6

“ The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument.”—Nafxure.

ENGINEER’S & MINING SURVEYOR’S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and
use of Theodolite for Traverse Surveying and plotung the work with minute

by means of Straight Edge and Set Square onl 'th Levelling with the
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork

Tables, &c. B Davis Haskorr, C.E. With numerous Woodcuts.
Fourth Edition, nlarged Crown 8vo, cloth . . . 12/0
Thebooklsveryhandy, the sepmteublesofslnumdungmutoenqmlnuu'ﬂlmlke
it useful for many other tables
LAND AND MARINE SURVEYING.
In Refe to the Pr ion of Plans for Roads and Railways ; Canals,

Rivers, Towns' Water §upphes Docks and Harbours. With escnptlon
and Use of Surveyin, Instruments. By W. Davis HASKOI.L, C.E. Second

Edition, Revised, with Additions. Large crown 8vo, cloth . 9/0

* This book muist prove of great value to the student. We have no h-sllaﬁon in recom-
mmdlnﬁlt. feeling assured that it more than repay a careful study.” —Hullan{ml World.

useful book for the We written

dit as
and valuable text-book. It enjoys a well-deserved repute among surveyors. —Bn(ldtr

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Pu:goss of Railway and le Engineering in
the Const.mcuonpof Roads ; Mr. TeLFORD's Rules for the same. By
Freperick W. Simms, F.G.S., lnst. CE Elghth Edmon with the
addition of Law's Practical E: for

TrAUTWINE’S Field Practice of Laymg-out Cu'curu Cnrvu. nh 7 l5

and numerous Woodcuts, 8vo, clof . . . 8
*,* TRAUTWINE on CURVES may be had seplnte . . . . Bl
“'l‘h text-book on levelling in monol’ourengineednx schooblndcolhgns 5
" Tl\: publ Ihhmmhau rendered a tial service to the pmfsﬂon. to the
young by bri nhaprreuntedidonofur Simms's useful work."”. BM

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.
For the Formation of Geogra hical and Topographical Maps and Plans, Mili-
ulx Reconnaissance, LE/ LING, &c., with Useful Probl Form:
Tables. By Lleut.-Geneml FIOMB, R.E. Fourth Edition, Revised nn
wﬂy Re-written by Major-General Sir CHARLES WARREN, G. b.M
th 19 Plates and 115 Woodcuts, royal 8vo,cloth . . . . 10/0

“Nomdsofpnlseﬁomuscanmgthenthe ition so well and so maintained
by this work. Sir Charles Warren has revised the en work, and made such ad as were
necessary cobrinz every portion of the contents up to the present date."—Broad Arvow,

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURVES
From s to 200 Radius. By A. Bwnuw M. Inst. C.E. _6th Edition,
evueg With an A nd;x on the use of the Tables for Measuring up
Curves; Printed on so p&d., and sold in a cloth box, waistcoat-pocket size
Iut Published. 8/6

"Euhublolsprlmedonnurd. which, placed on the theodolite, leaves the hands free

to the as ds the rapidity of work,"—5;
“Veryhmdy amnmyknowthnnllhhdn 's work must fall on two of these which
be puts into his own card-case, and leaves the rest " e A tRENE I,

HANDY GENERAL EARTH-WORK TABLES.
Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 8o feet in Delgth or Height, for use with either
66 feet Chain or 100 feet Chain. By J WartsoN Buck, M. Inst. C.E.
Ona Sheet mounted in cloth case. [Just Published. 3/6
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EARTHWORK TABLES.
Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of
Heights or up to an average of 8o feet. By]ontmnlm,C.E.,
and Francis Caurin, C.E. Crown 8vo, cloth 80
“Thvzhvhlch mmyhmbyadmphmdmm section into thres

A MANUAL ON EARTHWORK.
By Avxx. J. S. Gumm, C.E. W'Lh Diag S d Edition.
18mo, cloth .. . . 208

THE CONSTRUCTION OF LAROE TUNNEL SHAFTS.
A Practical and Theoretical Essay. "[HWAmuBocx,Mlnn.C.E.
Resident Engineer, L. and N. W. R. th Folding Plates, 8vo, cloth 12/0
s .20 2200 g7 .5 g prctl it sohs s b e
be found of ‘ouf:ook to the engineering proﬁdon.

mmhew hydvllqiualudm utmost value, and caiculated to save much
CAST & WROUGHT IRON BRIDGE CONSTRUCTION
sl'h Complete nnd Pmcncnl Trmue on]z, including Iron Foundations. In

ree Parts.—Th cal, Pr ive. By WiLLiam Humaze,

A. M. Inst. C.E., and M. lnu.ME. Thud Edition, revised and much im-

proved, with 115 'Double Plates (so of which now first appear in this edition),
and numerous Addltionl to the Text. In s wvols, unp. 4( balf-bound in
morocco . .. %o Bs. Bo.
o ey s onsbuion o the endrd Maare of ) sogasndcg., 1o Sddhion
are wi
fmstructive worth of those illustrations."—Civil Engineer and A M:w 3
*“Mr. Humbor’s stnely volumes, lately -ln whkh the most important

erected du: under the direction d’the Mr, Brunel, Sir W. Cul
Ms. chhhw. Mr Page, Hom Mr. Hemans, and others amosg our most eminent
engineers, are drawn and specified in great detail."—Bnginesr.

ESSAY ON OBLIQUE BRIDGES
gncdcal and ’l‘heomual). With 1 Eda large Plates. By the late Gromcx
'ATsoN Buck, M.1.C.E uou,mmed by his Son J. H. WA'rson
Bucx, M.L.C.E. ; and vnd: frighy e of Description
huhuﬁng Coustruction of Obhqne Bndgs, byW H. Buu)w, C.E.

oy;lavo,clod) .. . “12/0
The standard text booklornlth‘n Mllchuhll luck‘tu-d-.
mdhwould hnpodbhmeonmnlm R -{ N
m-:;)‘e'ctdmn oltholn “. balonﬁtoh. Allguldumtheenzhnund
hlmt.onacm‘mdly difficult subjecf. Mr. Buck Is unsurpassed.” —Bwilding News.

THE CONSTRUCTION OF OBLIQUE ARCHES

‘A Practical Treatise on). By Joun HAn- Third Edmon, with Plates.
mperial 8vo, cloth . . .. . . . 810

GRAPHIC AND ANALYTIC STATICS.
In their Practical Application to the Treatment of Stresses in Roofs, Solid
Girders, Lattice, Bowstring, and Si sion Bridges, Braced Iron Arches and
Piers, and other Frameworks. I‘v . Hupson m\HAu, C.E. Containing
Diagrams and Plates to Scale. ith numemus Examples, m&uken from
existing Stnu:tures. E(recul{tmmged for Class-work in lleges and
ition,

Universities. evised and Enlarged. 8vo,cloth . 168/0
“ Mr. Gnhnm:bookwmﬁndlphce g and lytic statics are used or
studied."—Bngineer,

* The work is excellent from a f view, and has
with much care. mmmdouuworﬂngu:mp?c.mdmﬂhmmmw
well-selocted examples. It is an excellent text-book for the

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.
A Graphic Table for Facilitating the Computation of the Weights of Wrought
Iron and Steel Gird &c., for Pnrlumennry nnd other Estimates,
J. H. WaTson Buck, M. Inst. C.E. On a Sheet . . 2 ‘
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PRACTICAL GEOMETRY.

For the Archi E and Mechanic. Giving Rules or the Delineation
and Application of various Geometrical Lines, Lgures, and Curves. B
E. W. Tarn, M.A,, Architect. 8vo, cloth . 6
* No book with the same objects in view has ever been publlshed In vihlch the cleamass of
the rules laid down and the ill have been so

THE GEOMETRY OF COMPASSES.

Problems Resolved by the mere Description of Circles and the Use of
Coloured Diagrams and ymbols. By Ouvmt anmr. Coloured Plates.
Crown 8vo, cloth . . 3/6

HANDY BOOK FOR THE CALCULATION oF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formulae
and Correspondin; &'Dxagr with numerous details for Practical Applica.

tion, &c. By WiLLiAM Uunlm, A. M. Inst. C.E., &c. Fifth Edition.
Crown 8vo, wnth nearly 100 Woodculs md 3 Plates, cloth
“The and th good.”— Atk
“We heanily commentl this mlly handy boo'i to our engineer and archi ders.”—
Buglish Mechanic,

TRUSSES OF WOOD AND IRON.

Practncal plications of Science in Determining the Stresses, Breaking

Weights, Sar Loads, Scantlings, and Details of Construction. With C Complete

Working Drawings. By WiLLIAM GRIFFITHS, Surveyor. 8vo, cloth 4/68

‘* This handy little book enters so minutely into every detail connected with the con-
struction of roof trusses that no need be of these

THE STRAINS ON STRUCTURES OF IRONWORK.
With Practical Remarks on Iron Constructlon By F. W. SHEILDS, M.L%I%)

8vo,cloth . . . .
A TREATISE ON THE STRENGTH OF MATERIALS.
With Rules for Application in Architecture, the Construction of Suspension

Bridges, Railwa &c. By PETER BARLOW, F.R.S. A new Edluon, revised
by Iuseions P. W BarrLow, F.R.S., and W. H. BarLow, F.R.S. ; to which
are added Expemnenu by Hon(;xmsou, FAIRBAIRN and KIRkALDY; and
Formulz for , &c.  Ar md Edited by Wa. Hmun,
A. M.Inst. C.E. 8vo, cloth . . 18/0
* Valuable alike to the student tymdud“e t.heexpulqu: pnc_ﬂﬁomltwlllllwaysruh

in future as it has hitherto done, as the stan treatise on subject.
dca a scientific workoftheﬁmclas.ltdmneslfomphuonmboohhehu of
every

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention; with a De.
scription of Modern Appliances and Systems. By CLEMENT E. STRETTON,
]f Vice-President and Consulting Engneer, Amalgamated Society of
leway Servants. With Ill d Plates. Third Edmon,
Enlarged. Crown 8vo, cloth . and o u 8/6
- gi llloﬂ. wllo 'lsh fa
A book for the tlw a8

onnﬂwnymm'ﬂlﬁndlpeﬁect yclop in ¢ y Wor [,

%b' nll to all railway nmuzen. especially where
e comm:nd the remub l]dcnl“l;l’hm’ ym’

EXPANSION OF STRUCTURES BY HEAT.

By J&HN Klu.v, C.E., late of the Indian Public Works Depnrtmt. Crg;ven

8vo, .

* The aim the author has set bef vl:.toshowtheelecuofmuponmmc and

* othes mc:n-u. ken“l‘nug:hle one, bvmn branch of phﬁu upon which the engineer or
find but little reliable and comprehensive data in '—Builder.
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THE PROGRESS OF MODERN ENGINEERING.
Complete in P‘Eo‘cnr Volumes, .o;mperul 4to, hllf-motoooo, price £12 12s.

FirsT Snus, Comprising Civil, ﬁeclumcal Mmm H ulic, Railwa;
Brid, Je othup'il;gsnmng Works, &c. By’lelfll:‘Au Hunn:z:
nst. C.E., &c. ln 4to, with 36 Double Plnetkdnwn toa hrge scale,
Photognphlc Portrait of n Hnwhhaw, C.E F.R.S. &c., copious
descriptive Letterpress, Specific , &c. . £8 8s.
LiST or THE PLATES AND DlAGuus.

VICTORIA STATION AND RooOF, L. B. & S. C. R. (8 PLATES); SOUTHPORT PIER
(8 PLATES) ; VICTORIA STATION AND ROOF, L. C. & AND G. W. R. (6 PLATBS); ROOF
OF CRBHOINB MUSIC HALL; BRIDGE OVER G. N RAILWAY. ROOF OF S"I‘A'I'ION,
DUTCH RHENISH RAIL. (s PLATBS), BRIDGE OVER THR 'I'HAH“é WEST LONDON
BXT!NSION RAILWAY (s PLATES); ARMOUR PLATES; SUSPENSION

RIDGR, THAMES
4 PLA TBS); THE ALLEN ENGINE; SUSPENSION BIJDGI. AVON (3 PLATES); UNDER-
GROUND RAIL\VAV (s PLATRS).

HUMBER’'S MODERN ENGINEERING.

Seconp Serixs. Imp. 4to, with 3 Double Plates, Photographic Portrait of

Robert Stephenson, C.E.,, ﬂ 3R S., &c., and oopnou.l descnpuve Letter-

press, Specific: , &c. £3 8s.
LisT or THE PLATES AND Dmcm\us.

BIRKENHEAD DOCKS, LOW WATHR BASIN (15 PLATBS); CHARING CROSS STATION
ROOF, C. C. RAILWAY (3 PLATES); DIGSWELL VIADUCT, GREAT NORTHERN RAILWAY;
ROBBERY WOOD VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY;
CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVBNNY RAILWAY ; EBBW
VIADUCT, MERTHYR, TREDRGAR, AND ABRRGAVENNY RAILWAY; COLLBGI ‘WOoOoD
VIADUCT, CORNWALL RAILWAY; DUBLIN WINTER PALACE ROOF (3 PLATES); BRIDGE
OVER THR THAMES, L. C. & D. RAILWAY (6 PLATES); ALBERT HARBOUR, GREENOCK

PLA’

HUMBER’'S MODERN ENGINEERING.

THIRD SERIES. Imp. 4t0, vmh Double Plates, Photographic Portrait of
g R. M Clun& llte . 8&, nnd eopious descriptive Letterpress,
c. « e e e '

LIST OF THE Pu\'r:s AND DIAGMHS‘

MAIN DRAINAGEB, MBTROPOLIS.—NortA Side.~MAP SHOWING INTERCEPTION OF
SEWERS; MIDDLE LEVEL SEWER (2 PLATES); OUTFALL SEBWER, BRIDGE OVER RIVER
LBA (3 PLATES); OUTFALL SEWER, BRIDGE OVER MARSH LANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION ; OUTFALL SEWER, BRIDGE OVER
BOW AND BARKING RAILWAY (3 PLATES) ; OUTFALL SEWER, BRIDGE OVER EAST LONDON
WATER-WORKS' FEEDER (2 PLATES) ; OUTFALL SEWER RESERVOIR (2 PLA ; OUTFALL
SEWHR, TUMBLING BAY AND OUTLET; OUTFALL SEWER, PENSTOCKS. South Side.—~
OUTFALL SEWER, BERMONDSEY BRANCH (2 PLATES) ; OUTFALL SEWER, RESERVOIR AND
gg'run; (4 PLATES); OUTFALL SRWER, FILTH HOIST ; SECTIONS OF SEWERS NORTH AND

UTH SIDB!

THAMES EMBANKMENT.—SHCTION OF RIVER WALL; STEAMBOAT PIER, WEST-
MINSTER (2 PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO
BRIDGES ; YORK GATE (2 PLATBS] “; OVERFLOW AND OUTLET AT SAVOY STREBT SBWER
Prums). STEAMBOAT PIER, WATERLOO BRIDGE (3 PLATES); JUNCTION OF SEWERS,
LA ls A.:ll‘): SI:gT(ONS GULLIBS, PLANS AND SECTIONS; Rou_n«; STOCK ; GRANITE

RON FOR

HUMBER’'S MODERN ENGINEERING.

FourTH SERIES. Imp. 4to, with 36 Double Plates, Phot Portrait of
lohq Fowéer. lnl({e 5ns. Inst. C.E., and copious descriptive Letterpress, Speci-
, &c. e e e e e e e 8.

LisT oF THE PLATES AND DIAGRAMS.

ABBBY MILLS PUMPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES);
BARROW DOCKS (5 'LATES) ; "ANQUIS VIADUCI‘ SANTIAGO AND VALPARAISO RAILWAY,
3 PLATBS) ADAM’S LOCOMOTIVE, ST. BRLEN'S CANAL RAILWAY PLATES); CANNON
TRERT STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); OA.D BIIDGB OVER
THE RIVER MOKA (2 PLATES) ; TELEGRAPHIC APPARATUS FOR MESOPOTAMIA ; VIADUCT
OVER THE RIVER WYE, MIDLAND RAILWAY (3 PLATES); ST. GERMANS VIADUCI',
CORNWALL RAILWAY (2 PLATBS); WROUGHT-IRON CYLINDER FOR DIVING BELL
MILLWALL DOCKS (6 PLATES); ILROY S PATENT EXCAVATOR ; METROPOLITAN Dis-
TRICT RAILWAY (6 PLATES) ; URS, PORTS, AND BRRAKWATERS (3 PLATES),
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, &c.

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET-BOOK of Formule, Rules, and Tables, and Marine Engineer’s and
Surveyor’s Handy Book of Reference. By CLEMENT Mackrow, M.LN.A.
Eighth Edition, zarefully Revised and Enlarged. Fcap., leather.

[ Just Published. Net 12|68
SUMMARY OF CONTENTS :—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGONO-

METRY.—PRACTICAL GEOMETRY.—MENSURATION.—CENTRES AND MOMENTS OF FIGURES.

—~MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS FOR

SIMPSON'S RULES.—MBCHANICAL PRINCIPLES.—CENTRE OF GRAVITY.—LAWS OF MOTION,

—DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S HULL.—

STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.—ROLLING

OF SHIPS.—PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING

CENTRE OF EFFORT.— DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND

RUDDERS OF VESSELS.—~LAUNCHING CALCULATIONS AND VEBLOCITIES.—WEIGHT OF

MATERIAL AND GBAR.—GUN PARTICULARS AND WEIGHT.— STANDARD GAUGES.—

RIVETBED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING

AND SHEARING STRESSHS, &c.— STRENGTH OF SHAFTING, PILLARS, WHEELS, &c.

—HYDRAULIC DATA, &c.— CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL

POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD

OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BOILERS.—LLOYD'S WRIGHT

OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—

SHIPS' FITTINGS AND TESTS.—SEASONING PRESERVING TIMBER.—MEASUREMENT OF

TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS.

PORT REGULATIONS. —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.—PER-

CENTAGES FOR BUTT STRAPS, &C.—PARTICULARS OF YACHTS.—MASTING AND RIGGING

VEBSSELS.~— DISTANCBS OF _FOREIGN PORTS,—TONNAGE TABLES.—VOCABULARY OF

FRENCH AND ENGLISH TERMS.— ENGLISH WEIGHTS AND MEASURES. — FOREIGN

WEIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONRY.—DISCOUNT

AND WAGBES TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF

CIRCULAR MBASURES.—TABLES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—

TABLES OF AREAS OF SBGMENTS OF CIRCLES.—TAELES OF SQUARES AND CUBES AND

ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPER-

BOLIC LOGARITHMS.—TABLES OF NATURAL SINES, TANGENTS, &c.—TABLES OF

LOGARITHMIC SINES, TANGENTS, &c.

“In these days of advanced knowledge a work like this is of the greatest value. It contains

a vast amount of i i ‘We unhesitati zig say that it is the most valuable compilation for its

specific w that has ever been printed. No naval architect, engineer, surveyor, or seaman,

wood or shipbuilder, can afford to be without this work."—/Nautical Magasine.
**Should be used by all who are engaged in the construction or design of vessels, . . . Will

be found to contain the most useful tables and \} quired by shipbuil 1y coll d

from horitles, and put her in a popular and simple form. The book is one of

rytit ",

"4 The pmfeuonlr shipbuilder has now, in a convenlent and accessible form, refiable data for
solving many of the bl that iresem h lves in the course of his work."—/ron.

* There is no doubt that a pocket-book of this description must be a ity in the ship-
building trade. . . The volume contains a mass of useful i jon clearly d and
presented in a handy form.”—Marine Sngincer.

WANNAN’S MARINE ENGINEER'S GUIDE

To Board of Trade Examinations for Certificates of Competency. Containing
all Latest Questions to Date, with Simple, Clear, and Correct Solutions;
302 Elementary Questions with Illustrated Answers, and Verbal Questions
and Answers; lete Set of Drawings with S pleted. By
A. C. WANNAN, C.E., Consulting Engineer,and E. W. I. Wannan, M.I.M.EZ,
Certificated First Class Marine %ngineer. Illustrated with numerous Engrav-
ings. Third Edition, Revised and Enlarged. 500 pages. Large crown 8vo,
cloth. (Just Published. Net 10/6
** The book is clearly and plainly written and avoids y explanations and \t
and we ider it a valuable book for stud of marine i "

WANNAN’S MARINE ENGINEER’S POCKET-BOOK

Containing the Latest Board of Trade Rules and Data for Marine Engineers.

By A. C. WannNaN, Third Edition, Revised, Enlarged, and BrouE‘ht Up to

Date. Square 18mo, with thumb Index, leather. (Just Published. 8/0

“Thereis a t deal of useful information in this little pocket-book. It is of the rule-of-

tslmmb order, and on that account, well adapted to the uses of the sea-going engineer,”=—
ngineey,

Py Py}
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SEA TERMS, PHRASES, AND WORDS

(Tedmiul Dictionary of) used in the English and French
gl‘. lish-French, FrenchEnghﬂl For the Use of Seamen,

Shlpovnan, and Ship-brokers. Compnledbyw I.neol
t.hcAfneln teumhlp pany. Fcap. 8vo, cloth limp .
* This volume bym ngine pllots, ndsup-
Ah‘m:mdkﬁoury been wanted by French and Engfish engineers,
ﬂsum-smw :H

ELECTRIC SHIP-LIGHTINO.

A Handbook on the Practi mer and Rnnnng Ships' Electrical Plant,
for the Use of Shipowners nnd Builders, Marine Electricians and Sea-going
Elgmeen in Charge. B'y& . URQUHART, Author of * Electric Light,”

ynamo Construction,” &c. " Second Edition, Revised and Extended.
326 pp., with 88 Illustrations. Crown 8vo, cloth. (Just Published. T/6

MARINE ENGINEER’S POCKET-BOOK.
Consisting of useful Tables and Formule. By Franx Plocron, A.LN.A.

Third Edition. Royal 3amo, leather, gilt edges, with strap . 4/0
:.xm%mmmumwlummpﬂ‘ Im:&”‘“v:m "-Na—lSdawt

ELEMENTARY ENGINEERING.

A Manual for Young Marine Engineers and A, ntices. In the Form ot

Questions and Answers on Metals, Alloys, Strength of Materials, Construction

and M ement of Marine En ines and Boxlers, Geometry, &c., &c. With

an Appendix of Useful Tables. By J. S. Brewer. Crown 8vo, cioth 1/6

* Contains much valuable information for the chu for whom it is intended, especially in the
chapters on the management of boilers and

MARINE ENGINES AND STEAM VESSELS.

A Treatise on. By Roszrt Murrav, C.E. Eighth Edmon, thoroughly
Revised, with considerable Additions by the Author and by GEorGE
Caruisig, C.E., Senior Surveyor to the Board of Trade. 12mo, cloth. 4/6

PRACTICAL NAVIGATION.

Consisting of THe SA1LOR’s SEA-Book, by James GREgNwooD and W. H.
RosSER ; together with the exquisite Mathematical and Nautical Tables for
the Working of the Problems, by Henry Law, C.E., md Professor J. R.
Young. Illustrated. 12mo, strongly half-bound . . T/0

THE ART AND SCIENCE OF SAILMAKING.

J SamuxL B. SADLER, Practical Sallmnker, late in the employment of
essrs. Ratsey and Lapthorne, of Cowes and Gospon. With Plates and
otber Illustrations. Small 4to, cloth . . 12/6

** This extremely practical work gives a complete oducadon in all the bruu:has of the manu.
acture, cuttlnz o\n&mﬁn‘ seaming, and Igorlng It is coplously illustrated, and will form a first-
rate text-bool = Porismouth

CHAIN CABLES AND CHAINS.

Compmmg Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
Chain Cable and Chain Making Fonnmg 'and 'Weldin Links, Stren, of
Cables and Chains, Certificates for Cabl es, Markin les, Pnces of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Sunutory Tests,
Cbarges for Testing, List of Manufacturers of Cables

THomas W. TraiLL, F.E.R.N., M.Inst.C.E., Engineer- éurveyor -in-Chi
Board of Trade, Inspector of Chain Cable and Anchor Proving Esmbluhmmts,
and General Supenntendent Lloyd's Commmee on Provmlg Establishments.
With numerous Tables, 1lI ions, and L; nwmgs. Folio,
cloth, bevelled boards. . . £2 2.

* 1t contains a  vast amount ol’ nlnnbk hlomuﬂon. othlng soems to be wannng to make it
a and d work of on the sublect "e Naxtical Mooaaine




MINING, METALLURGY, & COLLIERY WORKING. 19

MINING, METALLURGY, AND
COLLIERY WORKING.

THE DEEP LEVEL MINES OF THE RAND,
And t.heu- Future Devel idered from the C: ial Point of View.
My A. DeEnnv, M. N.E. Inst. M.E., Consulting En yineer to the General
mng and Finance Corporation, Ltd., 'of London, Berlin, Paris, and Johan-
nesburg. Fully Illustrated with Dlagram and Folding Plates. Royal 8vo,
buckram. (/ust Published. Net 28/0
**Mr, Denn{ by confining himself to the consideration of the future of the deep-level mines
of the Rand breaks new ground, and by dealing with the subject rather from a commercial stand-
point than from a scientific one, ‘appeals to a widecircle of readers. The book cannot fail to prove
of very %reat value to investors in South African mines. "—Mining Fournal,
he volume will interest all who are concerned in any way with the Witwatersrand
Goldfields."—Tke Times.

PROSPECTING FOR GOLD.
A Handbook of Information and Hints for Prospectors based on Personal
Experience. By DANIBLJ RankiN, F.R.S.G.S., M.R.A.S. Author of *‘ The
Zambesi Basin,” &c. ; formerly Manager of the Central African Company, and
Leader of African Gold Prospecting E;gedmons. With Illustrations s cna.ll
Drawn and Engraved for the Work. cap. 8vo, leather. é

** This well-compiled book contains a collection ofthe richest gems of usetul knowledge for
the pmspector s benefit. A special table is given to accelerate the spotting at a glance of minerals
with gold."—Mining Fournal.

THE METALLURGY OF GOLD.
A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores.
lncludmg the Assaying, Melting, and Refining of Gold. By M. EissLER,
M.E., M. Inst. {i ii Fifth Edition, Enlarged. With 300 Illustrations
a.nd Foldmg Plates. Medium 8vo, cloth. (Just Published. Net 21/0

“ This buok thoroughly deserves its title of a * Practical Treatise.’ The whole process of gold
, from th ebreakl.ngo! eqmtothewyofthemmon.lsducnbed in clear and
ve and with much, but not too much, fulness of detail.”"—Sasurday
* The work is a storehouse of information and valuable data, and we mnziy recommend it
to all professional men engaged in the gold-mining industry.”—AMinsng Fournal,

THE CYANIDE PROCESS OF GOLD EXTRACTION.
Includin; m Prncuml Application on the Witwatersrand Gold Fields and else-

where. EissLEr, M.E. With Diagrams and Working Drnwmgs.
Third Edmon, Revised and Enlarged. 8vo, cloth . . . Net7/8
*This book is just what was needed to acquaint mining men with the actual wotki.ngofu

ess which is not the most popular, but is, asa eral rule, the most successful for the
rx‘citudmolgoldﬁom "—-\M:Po Fournal. e

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro-

s ting and Explomng Mineral- Beanng Properties, including Particulars of

Costs of tus and Working. y, G. A. DEnNY, M.N.E. Inst. M.E.,

Medmm 8vo, 168 pp., with Illustrative Diagrams. 12/6

L By s gt i o e e sy
recommend @ 0TS to Ci e o al VOIIMO eminen

practical data, h should be in the p A of those Loy in mining.". _‘)’owrn:y.

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Pnﬁpectm and Miners. By W. H. MERRITT,
M.N.E. Inst. M.E., A.R.S.M., &c. Fcap. 8vo, leather. Net 8/0
““As an instructor of prospectors’ classes Mr. Merritt has the advantage of knowing
exactly the Infonnauon likely to be most valuable to the miner in the field. The work will be a
useful addition to a prospector’s kit.”"—Mining Fournal.
“It gives the gist of the author's experience as a teacher of pros, prospectors, znd is a book which
no prospector could use habitually without finding it pan out well.

THE PROSPECTOR’S HANDBOOK.
A Guide for the Prospector and Traveller in search of Metal-Bearing or other
Valuable Minerals. By J. W. ANDERsSON, M.A. (Camb.), F.R.G.S. Ninth
Edition. Crown 8vo, cloth, 8/@ ; or, leather, pocket-book form. . 4/68

su a much-felt want, es; am¢ Colonists, in whose wa m.ooﬁcn thrown
many mmenlogl‘;z specimens the value of whz:h ltux:gdiﬁcult to determine.”. yEm
‘How to find commercial minerals, and how to identify them when
ed. Ths r.nhor has mmnozed to pach

leading points to which attention
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THE MBTALLURGY OF SILVER.

A Practical Treatise Anﬂ;mnm, and Lixiviation of Silver
Ores. Including el and Reﬂlan( of Silver Bulhon By
M. Elssu uthor Thc M nrgy Gold,” &ec. Thlrd Edition.
Crown 8vo, . . 10/

(]
wmtwmdmnﬁdnmnm?{kmhdv‘:m'm'ﬂ om‘wm‘

*mn:omcmmhwm&mmm'-auu,m
* For chemists, tical miners, and investors alike we do a0t know of any work
om the subject so and yet 0 com| “—Glasgow Hevald.

THE HYDRO-METALLURGY OF COPPER.

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat.
mem of Cupriferous Ores, Includmg the Manufacture of (hpp;’%lu-iol, with
Eitcrs on the Sources of Supply of Copper and the Roasting of r Ores.
EissLer, M. I.M.M. Medium 8vo, cloth. Um‘t}’uélwhd ct 12/8

THE METALLURQGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Sllvu' Lead Ores and the Refining of
Lead Bullion. Induding Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in E and America.
By M. EissLer, M.E., Author of *‘ The MenllurgyolGold " &c. Crown8vo,
400 pp., with 183 lllunnuou, cloth . 12/68
*“The which are lully nnd mdvdy ot. embrace
lltheaq-upeﬂuncedlnMpun‘noltbeludlmmthenmmnlmioluhmem
the refinery as an article of coinmerce.” —Practical Exm
" 'l‘hoh‘mnt vol;:u fully ?;Ir.x:l:; ::he Ing“ c of the suthor. 'l‘bou wbo wish to obtain
a W Pm ll’" do better than 'Bhllllﬂ.
all mining uﬂgo-n fail to snd many useful and suggestioas in h."—-lnduuiu.

METALLIFEROUS MINERALS AND MINING.

By D. C. Davizs, F.G.S. Sixth Edition thom‘l:'ghly Revised and much
Enhrged by his Son, E. HEnry Dmnn,

6oo pp., with 17:
Illustrations. Large crown 8vo, cloth just Publisked.  Net 12/
** Neither the al miner nor the general reader, interested in mines, can have a better
book for his com n aod

A% & nistory of th mm mor“wzmhmﬁnwoﬂdthhbo&m roal value,
.“ a2 of 1] a
mdhmppliuu% Mcmn.

MACHINERY FOR METALLIFEROUS MINES.

A Practical 'l‘rutue for Mining Enﬁmeera Metallurgists, and Managers of

Mines. By E. Hengrv Davizs, M. S. Medlum 8vo, cloth, 6oo pp.

With Folding Plntes and other Illlutntlons (Just Publisked. Net 285/0

“ Mr, Dlvhs.lnthklumnavohm s done she advanced student and the manager ef

mines good service. Ahnouevuyklndo machinery in actual use is carefully described, and the
woodcuts and plates are good."—.1 skenanm,

do y F&“.'?‘rﬁl'i’n:".é&.'&&i’& Z’u‘é’i‘:ﬁ?&?‘ﬂ o poruses. the fus page.. The wesk may satcly

e rocom &:'m-auy will bo enriched

md the reputation of&l suthor enhnncod."—maq m

EARTHY AND OTHER MINERALS AND MINING.
By D. C. Dmnls, F.G.S., Author of ** Metalhfe:ous Minerals,” &c. Third
Edmon, Revised and nluged by bis Son, E. HENxY Davies, M.E., F.G.S.
With about 100 Illustrations. Crown 8vo, cloth . . 12/6

"Wodonmmbuwhnmﬂthmyﬂuﬁﬁm!umﬂn;mucm
the same amount of information

** We should be inclined to rank aman‘ beuof:hhandymhnluludmds
manuals which have recently appeand. - Qﬁa

BRITISH MINING.

A Treatise on the History, Discovery, Practical De and Futite
Prospects of Metallif uonsmnsmtheUmtedegom. ByRonlx'r
HunT, F.R.S., late Keeper of Mining Records. 3!50

230 Tllustrations. Seeond Edition, Revucd Snper-mynl 8vo, clof Epé 2s.

* The book is a of mln% and we know of
nootherworkembodyinzngm!ama-ol‘mmrof:hhﬂnd. uut.hlstheonlymedtof
Mr. Humlvolumeuvou!dbo to render it § bl the Hb: olevetyone

in the of the mining and ot s n&'

Athenaum.,
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POCKET-BOOK FOR MINERS AND METALLURGISTS.
Com ing Rules, Formule, Tables, and Notes for Use in Fisld and Office

By F. DANveRs POwER, F.G.S., M.E. Second Edition, Corrected.

Fup. 8vo, leather. [Just Published. ©/0
Tglsd?xfmcbwrkkmmwdlhund.lndoummﬁndlmuh

THE MINER’S HANDBOOK.
A Handy Book of Ref on the subj of Mineral Deposits, Minin|
Operations, Ore Dressing, &c. For the Use of Students and others intereste:
in Mining Matters. By Joun MiLNE, F.R.S., Professor of Mmmg in the
Imperial University of Japan. Third Edition. Fup. 8vo, leather 8
** Professor Milne's handbook is sure to be received with favour by all connected with
mining, and will be pop among

THE IRON ORES of GREAT BRITAIN and IRELAND.
Their Mode of Occurrence, Age and Origin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain. B:
J. D. Kenpatt, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/6

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
ing Machinery. l{z STEPHEN MICHELL. Second Edition, Re-written
Enh.rged, 390 PP. ith 250 Illustrations. Royal 8vo, cloth. Net 25/Q

SUMMARY OF CONTENTS :—HORIZONTAL PUMPING ENGINES,—ROTARY AND NON
ROTARY HORIZONTAL ENGINES.—SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL
PUMPING ENGINES.—ROTARY AND NON-ROTARY VERTICAL ENGINES.—SIMPLE AND

MPOUND STEAM PUMPS.—TRIPLB-EXPANSION STEAM PUMPS.—PULSATING STEAM
'UMPS,—PUMP VALVES.—SINKING PUMPS, &c., &c.

‘* This volume contains an immense amount of important and interesting new matter.

‘The book should undoubtedly prove of great use to all who msh for information on the sub-

Ject, inasmnch as the dlﬂ‘annt patterns of steam pumps age not alone lucidly described and
clearly but in tables are supplled. in whlch thelr sizes caj ty,
prica. &c are set forth, hence facilitating the pump to suit

’ mose that the mder may desire, or, on the other hand, supj Dﬁl‘ hlm with useful
informa about any of the pumps that come within the scope of the volume."— The Engineer.

ELECTRICITY AS APPLIED TO MINING.

A Practical Treatise for Mining Engineers. By ArNoLD LupToN, M.Inst.C.E.,
M.LE.E.,G.D. AsPINALL PARR, M.1.E.E., and HErBERT PERKIN, M.I. M. E.
With a large number of Illustrations. Medium 8vo, cloth.

(Just Published. Net T/68

THE COLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Working of Collieries,
Dulgnednsn Book of Rcference« for Colliery ers, nnd for Use of Coal
Mining S| ing for First-class Certificates. CALEB PAMELY,
Mining Engineer anJ Surveyor ; Member of the North of land Institute of
Mining and Mechanical Engmurs ; and Member of the South Wales Institute
of Mining Engineers. ~With 700 Plans, Diagrams, and other Illustrnlons.
Fourth ition, Revised and Enlarged, medium 8vo, over
Strongly bound . . . .. . r
SUMMARY OF CONTENTS —Gxowcv—suncn FOR cou..—Mmmul. LBASBS
AND OTHER HOLDINGS.—SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACE
ARRANGEMENTS,—STEAM BOILERS AND THRIR FITTINGS.—TIMBERING AND WALLING.—
NARROW WORK AND METHODS OF WORKING. — UNDERGROUND CONVEYANCE. —
DRAINAGB,—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF
AIR IN MINBS,—~THE PRIESTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS.—

SURVEYING AND PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCEL-
LANBOUS QURSTIONS Al —Appendis : SUMMARY OF REPORT OF H.M.

AND ANSWERS,
COMMISSIONERS ON ACCIDENTS IN MINBS.

‘* Mr. Pamely has not only ven us a comprehensive reference book ot :nzo

suitable to the of d colliery managers, but has ptovided
students with a class-book thn 1S as fnteresﬂnx asitis lmtnu:ﬁve " —mColls Manager.

“ Mr. Pamely's work is emhently suited to the purpose for which it is intended, being clear,

Interesting, exhaustive, rich in detail, and up to date, gwlng descriptions of the latest machines in

every A mining could wrong who followed this work."—Colliery

'Thkhth.monc?phh'all- d work coal-mining puhlished the Engtish
I;I;M P go llb?ry cod»mlnln?u books s c‘:nplm without I:."—Calld‘cry Bugineey
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COLLIERY WORKING AND MANAGEMENT.

Comprising the Duties of a Colliery , the Oversight and Arrange-
mtoflAbourlndWlmnndthe mtSynemlofWa-lnngCo.l
Seams. By H. F. BuLuaN and R. A. S. ReD ;iopp.,vmh
28 Plates lnd other Illustrations, mcludmg Unduzround
Medium 8vo, cloth. [Jwst Published. 18/0
* This is, indeed, an admirable Handbook for Managers, in fact it is
adjumml%olﬂuy .:lugus.dncnion.n well as a most Mﬂndgm
onm-lbjectlorall-lmlnmy"yluntodnwithcodmhlng The underground
mminncﬂnfumnofﬂwvuk.behgmﬂhﬂhm rily true rep ioas of the
e ~-"§1'.’ Bulmnn_gtd rRodnuyno.whom experienced Colllery Managers of great
i tulated boritative work with  ide
R b o g TS R B T o o
eir text by 119 plne:.monoﬂhelntu admirable ucdons
of taken d with the aid of the magnesium flash-light. These tions
210 excellent. " Nature.

COAL AND COAL MINING. !

By the late Sir WaRrINGTON W. SmyTi, F.R.S., Chief Inspector of the
hImu of the Crown. Eighth Edition, Revised and "Extended by T. Fons'rn
Brown, Mlmn’ Engineer, Chief Inspector of the Mines of the

of the Dnch Comwnll Cmvn 8vo, cloth. [Just Publuhd. ?/6
"Mn:h dim m ﬁe‘dlnt.hkudothcrhmmn
5« pdyounul.

NOTES AND FORMULZE FOR MINING STUDENTS.

By Joun Herman MEmivaLg, M.A., Late Professor of Mining in the Durham
College of Sclence Newcast e-upon-Tyne Fourth Edition, Revised and
_Enlarged H. F. BuLuax, A-M.Inst.C.E. Small crown Bvo, cloth. 2 'g
*“The ulthor hu dona his work in a

be of service to students and those who are d Inmlnlng

INFLAMMABLE GAS AND VAPOUR IN THE AIR

g’h D and M of). By Franx Crowss, D.Sc., Lond.,
lC Prof. of Chemistry in the University College, Nomngham. With a
u on THE DETECTION AND MEASUREMENT OF PETROLEUM Varour

:}' v:rron Repwoop, F.R.S.E., Consulting Adviser to the ion
London under the Petroleum Acts. Crown 8vo, cloth. et 8/0
Those Frofossor Clowes has givea us 4 volume on & sublect of much {ndustrial tm

d in these y be d conudythhbook.whichhu:yofmpn-
hnulon and contains many good thhcx " The Enginecy.

Aboo that no mining y no coal mis afford to ignore or to leave
Fournal,

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams of
Coal, with Returns of their Produce and its Distribution, and Anal of
Specul Varieties. Also, an Account of the Occurrence of Iron Ores in

Seams ; Analyses of each Variety ; and -HnmryoftheRueandProgrwsol
Pig Iron Manufactuu. By RICHARD MEADE. 8vo, cloth . . &1 8s.
*“Of this book we y unreservedly say thathkunbenofltlchnwhlchwehneem

met. Abookofnfemu:evhlchnoonemgwed the iron or coal trades should omit from
his Iibnry. "elvon and Coal Trades Review,

ASBESTO0S AND ASBESTIC.

Their Propemﬁ Occurre em:eA and Use. By Roeert H. Jonms, F.S.A.,
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, ada.  With
Ten Collotype Plates and other Tllustrations. Demy 8vo, cloth.

ust Published.
** An interesting and invaluable work."—Colliery Guardian. v 160

GRANITES AND OUR GRANITE INDUSTRIES.

By GeorGe F. Harris, F.G.S., Membre de la Société Belge de Géol
Lecturer on Economic deology at the Blrkbeck Institution, &c. With ll ns-

trations. Crown 8vo, cloth . . 2/6
s “Acleanymdwdlvmtummullmx u-' ‘Inthagnnlmlndusuy

TRAVERSE TABLES.

For use in Mine Surveying. By W. Lm'rmm, Mining Engineer., Crown
8vo, cloth. (/ust Published. Net 8/0
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ELECTRICITY, ELECTRICAL
ENGINEERING, &c.

SUBMARINE TELEGRAPHS.
Their Hlstory Construction, and Working. Founded in part on WtinscHrxn-
poRFF's ‘* Traité de Télégraphie Sous-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CuarLEs Brigut, F.R.S.E. Royal 8vo,
780 pp., fully Illustrated, including Maps and Folding Plates. Ne¢ 8..

* There are few, if any, persons more fitted to write a treatise on submarine t elcgngh
Mr. Charles Bright. The author has done his work admirably, and has written in a way which will
appeal as much to the layman as to the engineer. mmL evolum must. for many years to
come, hold the posidon of the English classic on submuine telegra, Engineer.

“ Mr. Bright's mmaﬂ:?iy written and admirably illustrat book will meet with a weicome

reception from cable men,”— Electyician.

** The author deals with his subject from all points of vi and as well as
sclentific. The work will be of lntenst. not only to men of science, but to the general publk:. We
can

DYNAMO ELECTRIC MACHINERY: its CONSTRUC.
TION, DESIGN, and OPERATION.

By SAMUEL SHELDON, A.M., Ph.D., Professor of Physics and Electrical
Engineering at the Poiytechmc Institute of Brooklyn, assisted by HoBArRT

Mason, B.
I'n two volumes, sold se; aratzly, as follotws :—
Vol. .—DIRECT CURRENT MAC ES. Third Edition, Revised. Large
crown 8vo. 280 pages, with zoo lllustrnnons.
t Publisked. Net 1 2[0

Vol. IL—ALTERNATING CURRENT MACHI&ES Large crown 8vo, 260

pages, with 184 Illastrations. ﬂt Published. Net 12/0
Designed as Text-books for use in Technical Educati if and by E:
whosa work includu the handling of Direct and Al il Current Machil P ly, and

THE ELECTRICAL ENGINEER’'S POCKET-BOOK.
Consisting of Modern Rules, Formulae, Tables, and Data. By H. R. Klur:*
M.Inst.E.E., A.M.Inst.C. Techmca.l Officer Postal Telegnphs, Author
“A Handbook of Electrical Testing,” &c. Second Edition, Revised, with
Additions. With numerous Illustrations. Royal 32mo, oblong, leather’ 810

“ It is the best book of its kind."—Electvical Enginees.
“The trical Engineetlrhocketﬂookhagoodm—ﬁbmhm

*—Blsctrical Review,
ELECTRIC LIGHT FITTING.

A Handbook for Working Elecmcal Engineers, embodying Practical Notes on
Installation Management. By J. W. URQUHART. With numerous Illustrations.

Third Edition, Revised. Crown 8vo, cloth . e« « . . 8BIO

“This volume deals wmx what may be termed the mechanics of electric lighting, and is

addressed to men who are alrea wodhthewvrk.ormuﬂnlnzfoth. ’l‘heworkmvuul

Lg::t'gulofmund.ndmy as a sequel to the same author’s useful work on * Electric
ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of

Dynnmo-Flectru: Machines, Batteries, Accumulators, and Electric Lamps.

J. W. UrqQuHArT, C.E. Sixth Edmon, Reviged, with Addmom and 14
ll ustrations. Crown 8vo, cloth. [Just é
McmT'l.x:whohgmndk:‘fmﬂdecukmugm is more or lesscovandlndexplllnedln:vuydur
& -mwumm«mmmmmumm&;-

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of En, -Constructors and Electricians-
in-Charge. ‘Embracing Framework B Field M and Armature
Winding and Gronpug Componndmg, &c. hy J W. anmArr. Second
Edition, Enlarged. Crown 8vo, clot! . . 78

* Mr. Urquhansbooklsthe first onewhk:h dealswlth thm nums In such a way that the
gt d them. e book kv?mdable. and the author leads bis
readers up to difficult mb)ecu by reasonably dmple tests.” ngineering Review,
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ELECTRICAL AND MAGNETIC CALCULATIONS.
For the Use of Electrical Enginears and A: Teachers, Students, and all
others interested in the Theory and Application of Electricity and Magnetism.

By A. A. ATKINSON, Professor of Electricity in Ohio Universi'y. Crown 8vo,
cloth. (/ust Published. Net 9/0

THE ELEMENTS OF ELECTRICAL ENGINEERING.

A First Year's Cou—e for Students and Workmen By Tvson SEweit,
A LLE.E., Assistant Lecturer and Demonstrator in Electrical Engmeenng at
the Polytechmc Regent Street, London. With upward:

Demy 8vo, cloth. Uwmst P-blwhd Net 7/6
THE MANAGEMENT OF DYNAMOS.
A Handy Book of and Practice for the Use of Mechanics, Engineers,
Students, and others in of Dynamos. By G. W. LuMais-PATERSON.
Second Kdition, thoroughly Revised and Enhrged Crown 8vo, cloth. 4/6
h-n:nﬂ“'.h: u:hllf-.tlemgw n‘::b:ho b ﬁ“t: b‘-mmd'lzh clan: mm
be able to Y “tis & usef book who tend, or employ electric

THE STANDARD ELECTRICAL DICTIONARY.
A Popular Encyclopeedia of Words and Terms Used in the Practice of Electrical
Er:gmeu'mg By T. O'Cowor AM., Pb.D. Third Kdition.

wn.vo.ﬂnpp.,;ooll-mmam.doth . Net 768
** The work has many attractive fastures in it, and is, doub'.l put together and
mWNiudon. Thonnoumdgmndcovmdmybo the fact that in the index
5,600 references will be found.” —E/acwics! Rewiew.

ELECTRIC SHIP-LIGHTING.
A Handbook on the Practical Fitting and Running of Ships’ Electncal Plant.
For the Use of Shipowners and Builders, Marine Electriians, “;s
#nmm-Chm By J. W. UrqQutiarT, C.E. Second Edmon, Re
Extended. 326 pp., wi th 88 INustrations, Crown 8vc, cloth .

* The subject of ship electric and Mr. Urq is be
lwympm %ﬁ&mm:mmdw'm _‘°77u

ELECTRIC LIGHT FOR COUNTRY HOUSES.

A Practical Handbook on the Erection and Running of Small Instdlmon:,
with Particulars of the Cost of Plant and Workmg By} KNIGHT.
Third Edition, Revised. Crown 8vo, wrapper. wblished. 1/0

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).

By ALaAN A. CAMPBELL SwINTON, M.Inst.C.E., M.Inst.E.E. Fourth Edition,
Revised. With 16 Illustrations. Crown 8vo, cloth. (/ust Publisked. 1/8

DYNAMIC ELECTRICITY AND MAGNETISM.
r PuiLir  Atkinson, A.M., Ph.D., Author of ‘“Elements or Static
' Electricity,” &c. Crown 8vo, 4:7 Pp., with 120 IMustrations, cloth . 10/6

POWER TRANSMITTED BY ELECTRICITY
. And lpxlied by the Elect.nc Motor, including Electric Railway Construction.

'y TKINSON, Ph.D. Third ition, Fully Revised, and New
Matter added. V'lnhgthustnuons. Crown 8vo, cloth . . Net 90
HOW TO MAKE A DYNAMO.

A Practical Treatise for A C m i and

Detailed Instructions for Const.mctmg a Sm;ll Dynamo to Produce the
Electric Light. By ALrrep Crorrs. Sixth Edition, Revised an
Crown 8vo, cloth. [Just Publulud /o

THE STUDENT’S TEXT-BOOK OF ELECTRICITY.
: By H. M. Noap, F. R S. Cheapu- Ednuon 650 pp ., with 470 lllu.stnum
Crown 8vo, cloth e /0
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ARCHITECTURE, BUILDING, &c.

PRACTICAL BUILDING CONSTRUCTION.
A Handbook for Students Preparing for Examinations, and a Book of
Reference for Persons Engaged in Building. By &otm PARNELL ALLEN,
Surveyor, Lecturer on Building Construction at urham College of
Science, Newcastle-on-Tyne. ~ Third Edition, Revised
Medium 8vo, 430 pp., mth x,ooo Illustrations, cloth.  [Just Psbltshcd al;/6
* The most Hon we have seen. It contains all that is
to d I‘or '.ho nrlous examinations in building construction.”—Bwéiding

cws.
"Thmmmd{nmhmhhmnmhkm

ml;mddan:n':ufmugo WAWW volnmlmube%
*“The work is to formidable rival to great and small competitors alike, and

bldsﬁl.rtou:el mane pm“' 4 riul‘lout-book. Th-hrgenumhero{lllu—

trations deserve particular mention for the t merit they for purposes of reference in
exactly corresponding to convenient scales.”. "_';'c.vmmlq/w ; Institute of British Avchitects,

PRACTICAL MASONRY.
A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, "Penden:
tives, Vaults, Tracery Windows, 'or the Use of Students, Masons,
and other Workmen. WiLLiAM R. PURCHASI, Buildin, i Inspector to the
'B;:hongh oL Hove. Thml{, }!‘dltmn, with Glossary of A Terms. Royal Bvo, 42 pp.,
s2 Lithographic Plates, comprisi nearly 400 separate
cloth. e (Just Pu&lu&ed 7/6

** Mr. Purchase’s * Practical Masonry * wmudmm“hammmm.nwm
this imp subject, wheth or ost of the examples given are from
actual work carried out, the being carefully drawn. The book is a pi treatise on
the subject, the author himself ha as

MODERN PLUMBING, STEAM AND HOT WATBR

HEATING.
A New Practical Work for the Plumber, the Heatmg Engineer, the Archnect,
and the Builder. By J. J. LAWLER, Author of ‘ American Senitary Plumbing,”
&c. With 284 Illustrations and Foldmg Plales[/4to, cloth.

Published. Net 21/=
HEATING BY HOT WATER.
With Information and Suggestions on the best Methods of He‘ung Public,
Private and Horticultural ﬁgmldmgs By WALTER JoNEs. Second Edition.
With o6 lllnstntlons, ¢rown 8vo, cloth . . . Ne2i8
“We fid d all hhudngbybd'mtomlwpyof!hh
valuable little tl-nlse."—rht Piuwmber and Decorater.

CONCRETE: ITS NATURE AND USES.
A Book for Architects, Builders, Contractors, and Clerks of Works. By
GrorGE L. SurcLirre, A.R.I. B.A. 350 pp., with numerous lllustnnons
Crown 8vo, cloth . . . 7/6
*The author treats a dilﬁcult snbject In a Indd manner 'nm m:nnd ﬁll a lu'g {ap.
It is careful and useful as l studenu guide and an
uluuu:a. —ymml 'yw le Institute of Britis. rchstects.
m for this new book, which will mbahlybg!ormedmotheundudwuk
on tbe nb}u:t l‘or a builder’s purpose.”—Glasgow IIP

LOCKWO0O0D’S BUILDER’S PRICE BOOK for 1902.
A Comprehenswe Handbook of the Latest Prices and Data for Build
Architects, Engineers, and Contractors Re-constructed, Re-wntten,
Greatly Enlarged. By Francis T. W. MiLLER. 800 closel y-mnted
crown 8vo, cloth . 5
* This book is useful
'wnhebuil a v mﬂr;,fmdﬁoﬂxlﬂmlnmmoﬁumw
“An aﬂm of reference.”—.

"lnlummdndsedfomthh?dcebookkwhnu-u&dt&mww
bensive, reliable, weil arranged, legible, and well bound, "—Britishk A rchitect.
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THE DECORATIVE PART OF CIVIL ARCHI'I'ECTURB.
-B: Es'u:xluu-no- or c':&: m::. by }noum Gvn.r-‘r?‘?'s.x
Revised and Kdited by W. H. Laxpe. 66 Plates, 4to, cloth . 210

THE MECHANICS OF ARCHITECTURE.

AT T v g oy ey D
Edition, Enllrged Il‘med with 125 Diagrams. Crovnsvo,dodl 78
“ The book is a very useful and belpful manual of arch ']

A HANDY BOOK OF VILLA ARCHITECTURE.
Being a qumfamlRendmmvm&ylu.vnh
Outline S Estimates. C. W Architect. 6
o, halfmoeocco, gt odgen o DY S WL ATVEY 11, 6o,
“ The whole of mmmmaummma-mm
they will prove very valuable and suggestive. "—Bwiiding V¢
THE ARCHITECT'S GUIDE.
-book U fe
Contiattonn: Clacks of Works, e 8 &Wmunmwmm
Third Edition. Cro'nsvo, . 3/6

ARCHITECTURAL PERSPEC‘I‘IVE
E:lu'h:.l‘unu l::r‘; ive, llln:r:kh:d by 43 I"oldn.w:'l R.n‘u. By 8
tion,
* It is the most dt;cmuﬂlmmulhnﬂ'ﬂ"

B. INGRESS BBLL, ESQ,, inthe R./.B.4. Feurna!
PRACTICAL RULES ON DRAWING.

;:;2” ?m: I‘lt:i'lde and Yonng Sn.:deut. in Ardxieectlfn. .By (::no_;;;;
MEASURING AND VALUING ARTIFICER’S WORK

Smdmt s Guide to the Practice of). Containing Directions for.
imensi: the same, and bringing the Quantities into Bill, wit
Tables ol' Connum for alulnon of Labour, and for the Calculation of

and Solidities. ly edited by E. Donsou, Architect. With Additions
by E. W. TarN, M.A. Seventh KEdition, Revised. With 8 Plates and
63 Woodcuts. dmwn 8vo, cloth. [Iu:! Pa&lukd 7/8

* This edition will be found the most on the prt of and
valulng artificer’s work that has yet Inﬂ puhlhhad."-&ldldw News,
TECHNICAL GUIDE, MEASURER. AND ESTIMATOR.

il “ﬁﬁ‘ﬁfn"& o Caning Spec:ﬁaz g Mol oads
ork in the 1n; es, mp! ete ons ior
and and Method of bmldmg

oolllectwaly By ;n C. BraToN. ﬁimth Edition. eV} _”
t .

"ﬂobulldu u\:hh-ct.nrnyol olnhmlhonldbewlthouthk'm '—aﬂUWNne
SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surve: gor and Builder. With an Essay
on the Structure and Science of Modern uddmgs. Upon the Basis of the

Work by ALPRED BARTHOLOMEW, t.horoug and greatly
added to by F X Rocns’, sl Vor t;dmon, Revised. 8vo,
cloth 15/0

*“The work h too wanknawnwneedmymcommdadonbomu Ithmoﬂhbooh
with which every young must be

THE HOUSE-OWNER’S ESTIMATOR.

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un.

>fessional People as well as the Architectural Surve gor and Bmlder By
?fo SiMON. y F. T. W. MiLLer, A.R.I. ifth Edition.
Carefully Revnsed Cmvm 8vo, cloth. (Just Pu&l::ked Net 818
‘“‘In two years it will repay its cost a hundred times over,"—Field.
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SANITATION AND WATER SUPPLY.

THE BACTERIAL PURIFICATION OF SEWAGE:
Being a Practical Account of the Various Modern Biotogical Methods of
Purifying Sewage. By Sionev Barwisg, M.D. (Lond.), D.P.H. (Camb.),
etc. With 10 Page Plates and 2 Folding Diagrams. (ga.l 8vo, cloth.
[Just wblished. Net 8/0
THE PURIFICATION OF SEWAGE.
Being a Brief Account of the Scientific Principles of Sewage Purification, and
theu' Pracuca.l Application. By Sioney Barwisg, M.D. (Lond.), M.R.C.S.,
H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health
to the Derbyshu-e County Council. Crown 8vo, cloth. (Just Published. 8/0

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others
interested in Water Su gply By S. RipEAL, D.Sc. Lond., F.I.C. Second
Edition, Revised, with Additions, including numerous Illustratlons and Tables.
Large érown 8vo, cloth. (Just Published. Net 9©/0

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Watu
works for Small Countﬁ Districts. By ALLAN GreenweLL, A.M.I.C.E
and W. T. Curry, ALM.I.C.E. Revised Edition. Crown 8vo, cloth d

THE WATER SUPPLY OF CITIES AND TOWNS.
By WiLLiamM Humser, A.M. Inst. C. E md M. Inst M E. Imp to, half.
bound morocco. (See page 11.) . éﬂ 6s.
THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF, WATER-WORKS.
By Proressor W. K. BurToNn, A.M. Inst. C.E. Seoond detnon, Revised
and Extended. Royal 8vo, cloth. (See page 10.) 25/0
WATER ENGINEERING.

A Practical Treatise on the M torage, Co , and Utilisa.
tion of Water for the Supply of Towns. By C SLAGG, A.M. Inst. C.E. 7/6

SANITARY WORK IN SMALL TOWNS AND VILLAGES.

By CHARLES SLAGG, A. M. Inst. C.E. Crown 8vo, cloth . . . 8/0
SANITARY ARRANGEMENT OF DWELLING-HOUSES.
By A. J. WALLIS-TAYLER, A.M.Inst.C.E. Crown 8vo, cloth . . 2/6

MODERN PLUMBING, HOT WATER HEATING, &c.

A New Practical Work for the Plumber, the Heatmg Engineer, the Architect
and the Builder. By J. J. LAWLER, Author of *‘ American anitary Plumbing,”
&c. With 284 Illustrations and Folding Plates. 4to, cloth.

[Just Publisked (see page 25). Net 21/=

PLUMBING.
A Text-book to the Practice of the Art or Craft of the Plumber, By W. P,
BucHaN, R.P. Ninth Edition, Enlarged. Crown 8vo, cloth . . 8/68
VENTILATION.

A Text-book to the Practice of the Art of Ventllaung Bmld'mgs. By W. P.
BucHAN, R.P. Crown 8vo, cloth . . 3/8

THE HEALTH OFFICER’S POCKET-BOOK.
A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By EDWARD
F. WiLLouGHBY, M.D. (Lond.), &c. Second Edition, Revised and Enlarged.
Fcap. 8vo, leather. (Just Published. Net 10/8
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CARPENTRY, TIMBER, &c.

THE ELEMENTARY PRINCIPLES OF CARPENTRY.

ofTT' be'rwﬂ“ Com':cd. ! mmmormg idg "Roof U

im the Floors, ridges, s, Uniting

Iron and glone with Timber, &c. To which is added an Essa on the Nature
and Propemes of Timber, &c., with Descriptions of the of Wood used
in Building; also numerous Tables of the tlings of Timber for different

Speuﬁe Grlvmelof Hneﬂnh, &c. By TrHomas Trepcoun, C.E.

W&' Appendix of Specimens ol' lnou: Roofs of Iron and Stoue, Illus-
trated. Sevumh Edition, thoroughly id: nlarged by
E. Wynonam Tars, M.A., Author of e ey ﬁmumg," &c.
With 61 Plates, Pmt of the Anthot, and several Woodcuts. ln One hrs
Vol., 4to, cloth ... 28

“ to be in lm&.ct‘l-ld buﬂtht’l —8%

IR i ey ey e M B s oy

WOODWORKING MACHINERY.
Its Rise, Progress, and Construction. With Hints on the Management of Saw
Mills and the Economical Conversion of Timber. Illustrated with Exumplu
of Recent Designs by ludin‘ Enknh, French, and American Engineers.
M. Powis Barx, A.M.Inst.C. M.E.  Second Edmon, Re\nsedy
with large Addmons, large crown 8vo, “o pp., cloth . .
*“Myr. Bale is expert on the subject, and he has coll ’onmch
“M"mk:m:tn com, ltnmﬂ?a“g::mdd!um of woodw::runz machlm;‘ve t?l:'v: ! 'l'ln
o of b,.é':'-‘-amw X soe.

SAW MILLS.
Their Arrangement and Management, and the Economical Conversion of
Timber. By M. Powrs Bare, A.M.Inst.C.E. Second Edition, Revised.
Crown 8vo, cloth. [Just Publisked. 10/6

* The administration of llmuvln(m
from a financial stand, t. Hence the .mdmd‘ o(swmimwtdthem

are gone into in lndtbccoumoﬁhodm Iltnccdhomlum-pdon
eonmodnue. ‘We could not desire a more

THE CARPENTER'S GUIDE.
Or, Book of Lines for Carpenters; compnsm all the Elementary Principles
essential for acquiring a lmowledgN tr; Founded on the late Pn'gn
NicHoLsoN's standard work. A New Edition, Revised by ARTHUR ASHPITEL,
F.S.A. Together with Rules on Drawmg, by Gxomx
WuhuPlns,ao,dodl e e . 81 1s.

A PRACTICAL TREATISE ON HANDRAILING.
Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing

the Moulds, Bevelhng ointing-up, and Sq the Wreath. By GEORGE
COLLINGS. kgmon,gk to which is added
A TREATISE ON S'run-lun.nms Wlth Plntes an Dugnms . . 2/6

. Wﬂl bs found of practical udﬂtyln the execution of this dlﬁcult branch of joinery." —Bilder.
daﬁcnlt ph of this somewhat intricate branch of jelnm—y is elucidated by
the ald ofplnm und explanatory letterpress. " —Fumiture Gasette.

CIRCULAR WORK IN CARPENTRY AND JOINERY.
A Practical Treatise on Circular Work of Single and Double Curvature. B:
GeorgE CoLLiNgs. With Diagrams. Third ion, ramo, cloth . 2/;
"Anme:nallm’t a_x‘nnm‘gl:ofwhncl_:ook‘o‘t_’thk kind should be. Cheap in price, clear in

THE CABINET-MAKER’S GUIDE TO THE ENTIRE
CONSTRUCTION OF CABINET WORK.

By RicHARD BrrmmaADp. Illustrated with Plans, Sections and Workin;

Drawings. Crown 8vo, cloth. [ Just Published. 5
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HANDRAILING COMPLETE lN EIGHT LESSONS.
On the Sqnnre-Cnt m. By J. S. Gorprrore, Head of Building
Department, H. ‘echnical School.  With Elght Plates and over 150
Practical Exercm. 4to, cloth . . 36
“leely to be of considerable value to #lnets and otheﬂ who uke a pddc ln good work.
t of the book is excellent. heartily d it to

The arran,
Timber

TIMBER MERCHANT’S and BUILDER’S COMPANION.
ing New and Copi Tables of the Reduced Weight and Measure-
mnt of Deals and Bnttens, of all sizes, from One to a Thousand Pieces, and
the relative Price that each size bears l?er Lineal Foot to any given Price
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Tim
to any Elven Price per Load of so Feet, &c., &. By WiLLiAM DowsING.

Fourth Edition, Revtsed and Corrected. Crown 8vo, cloth . . . 8/0
_ " We are glad to see a founh edlﬂon of these admirable tables, which for correctness and
of leave 0 be desired.”—Timber Trades Fournal,

THE PRACTICAL TIMBER MERCHANT.

A Guide for the Use of Building Contractors, Surveyors, Builders, &c.,
ﬂ; %vusdul Tables for all purposes connected with the Timber i‘rade,
, Essay on the Strength of Timber, Remarks on the Growth of
Tunber &c. By W. RICHARDSON. nd Edition. Fcap 8vo,cloth . 8/6
*Contains much valuable information for timber b and all
others connected with the growth, sale, and manufacture of timber. "—younuz o Forestry.

PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six

inches square and upwards. By W. RICHARDSON, Tunber Broker. Third

Edition. Oblong 4to, cloth . . e . . . 8/8
“ Invaluable labour-saving tables, "—lmmm

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from x to 200 inches in length by 1 to 108 inches in breadth.

For the use of Architects, Surveyors, Engineers, Timber Merchants,

Builders, &c. By James Hawkings. Fifth ition. Fcap., cloth. 3/8

* A useful collection of tables to facilitate n;id calculation of surfaces. The exact area of

any surface of which the limits have been an be ‘The book will
be found of the greatest utility to all dinb fldin i LAY

PRACTICAL FORESTRY.
And its Bearing on the Improvement of Estates. By CHArRLES E. CURTIS,
F.S.I., Professor of Forestry, Field Engineering, and General Estate
Management, at the College of Agriculture, Downton. Second Edition,
Revised. Crown 8vo, cloth. [Just Published. 8/6
SUMMARY_OF CONTENTS: — PREFATORY REMARKS. — OBJECTS OF PLANTING.—
CHOICE OF A FORESTER.—CHOICE OF SOIL AND SITE.—LAYING OUT OF LAND FOR
PLANTATIONS.—PREPARATION OF THE GROUND FOR PLANTING,—DRAINAGE.—PLANT-
ING.—DISTANCES AND DISTRIBUTION OF TREES IN PLANTATIONS.—TREES AND GROUND
GAME.—ATTENTION AFTER PLANTING.—THINNING OF PLANTATIONS — PRUNING OF
FOREST TREES.—REALIZATION.—METHODS OF SALE.—MEASUREMENT OF TIMBER.—

;AEASURBMENT AND VALUATION OF LARCH PLANTATION.—FIRE LINES.—~COST OF
LANTING.

“Mr. Curtls has in the course of a series of short pithy cl florded much infc
%n of a usel'ul and actical on the and of trees,”~—
ai

THE ELEMENTS OF FORESTRY.
Desngned to afford Information concerning the Planting and Care of Forest
Trees for Ornament or Profit, with suggestions upon the Creation and Care of
Woodlands. By F. B. HougH. Large crown 8vo, cloth . . . 10/0

THE TIMBER IMPORTER’S, TlMBER MERCHANT'S,
AND BUILDER’'S STANDARD GuID
l{ Riciarp E. Granpy. Compris -—An Annl is of Deal Standards,
ome and Foreign, with Com atlve alues and Tabular Arrangements for
fixing Net Landed Cost on Baltic and North Amencan Deals, .including all
intermediate Expenm, Frenght, lmmance, &c .+ together with copious Informa-
tion for the R and B Third Editi 2mo, cloth . .
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DECORATIVE ARTS, &c.

SCHOOL OF PAINTING FOR THE IMITATION OF
WOODS AND MARBLES.

As Tu‘ht nnd Pncmed by A. R. Van pEr BurG and P. Van pEr Buxg,

Di d Pumm; lnmumon Royal foho, 18§ by 124 in,,

Illustrated vith :, full-si ; also 12 n Plates, oomprmng

184 Flg\lm. Third Edition, cloth. [/ut Published. £1 11s. Bo.

LISTOF PLATES :—1. VARIOUS TOOLS RE UIRED FOR WOOD PAINTING.—2, 3. WALNUT;
Puuumuv STAGRS OF GRAINING AND FINISHED SPECIMEN.—s. TOOLS USED FOR
MARBLE PAINTING AND METHOD OF MANIPULATION.—§ 6. ST. REMI MARBLE;

EARLIER OPERATIONS AND FINISHED SPHCIMEN. — 9. [BETHODS OF SKETCHING
DIFFERENT GRAINS, KNOTS, &c.—8, 9. ASH: PRELIMINARY STAGES AND FINISHED
SPECIMEN. —10. METHODS OF SKETCHING MARBLE GRAINS —11, 12. BRECHE MARBLE;
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.—13. MAPLE ; METHODS
OF PRODUCING THE DIFFERENT GRAINS.—14, 15 BIRD'S-EYR MAPLE; PRELIMINARY
STAGES AND FINISHED SPECIMEN.—16. METHODS OF SKETCHING THE DIFFERENT
SPECIES OF WHITE MARBLE.—17, 18 WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.—19. MAHOGANY ; SPECIMENS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION. — 1. uAHOGANY' EARLIER STAGES AND
FINISHED SPECIMEN.—es, 23, 24. SIENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN. #6, 37. JUNIPER WOOD; METHODS OF PRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SP!CII!.N.-—‘, ? 30. VERT
DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED
AND FINISHED SPECIMENS.—3z, 32, OAK ; VARIETIES OF GRAIN, TOOLS EMPLOYED
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.—

36. WAULSORT MARBLEB; VARIETIES OF GRAIN, UNFINISHED AND FINISHED

IMBNS.,
hmn:u.lﬂnq 'M © hzwo'hﬁglll‘ Cluhllhoukl:i vi‘l'lnﬁ“nd
en's ive young mea
thopponunhylo:udyh."—l
W'Acom "m'om..b‘:lm ndphmvm botholnstuhnhln
u execu! not to
mmwdmwhodmumkhgul mmy

novh-mlonum mnhhwbocmunpmof noble
woek."—The Archisect. %o ssble s

ELEMENTARY DBCORATION.
A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL
HOUSE DECORATION. By James W. Facev. With numerous Illus-
trations. In One Vol., strongly -bound . . . . . . 8/0

HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING.
A Practical Manual of. By ELLis A. Davipson. Eighth Edition. With
Coloured Plates and Wood Engravings. 1amo, cloth boards . . 80
‘h"‘.“?‘m—d‘ of use to the nndofnluomthopncdulmn.—ﬂnlurk
NEC.

THE DECORATOR’S ASSISTANT.
A Modern Guide for Decorative Artists and Amateurs, Painters, Writers,
Gilders, &c. Containing upwards of 600 Receipts, R\lles, and Instructions;
with a variety of Infor: for G ! Work d with every Class of
Interior and Exterior Decorations, &c. Seventh Edition. 152 pp., cr. 8vo. 1/0
** Full of ipts of value to gilders, &c. Thobookcontmm;isto(
mdnlonculourandtechnkllpmcm It would be difficult to meet with a work so full
of varied information on the painter's art.”—Bwuelding News.

MARBLE DECORATION
And the Temmology of British and Foreign Marbles. A Handbook for
Students. “;Glonc.l H. BLAGROVE, Author of *‘ Shoring and its Apphm
tion,” &c. ith 28 Illustrations. Crown 8vo, cloth . . .

** This most wmmmwmummm«mmm
bullder.”—Building We
A carofully and usefully written trcatise ; the werk is S
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DELAMOTTE'8S WORKS ON ALPHABETS AND
ILLUMINATION.

ORNAMENTAL ALPHABETS, ANCIENT & MEDIZEVAL.

From the Eighth Century, with Numerals; including Gothic, Clmrch-Text,
e and small, Arabesque, Initials for Illumination,
Monoqn.ms, Ct &ec., &c., for the use of Architectural and Engineering
m Pai Decorative Painters, Lithographers,

Engnvers, Carvers, &c., &c. Collected and Engraved by F. DELAMOTTE, an:
printed in Colggrs. New and Cheaper Edition. Roynl Bvo, oblm;%

ornamental
“ For those who insert enamelled sentem:es ronnd z‘llded clullces. who bluon shop legends
shap—doon.whohnuchumhwﬂhwl pithy from the this book will be
uuluL —Athenaum.

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including Gemum Old quhsb Saxon, lmhc, Pm?mve, Greek, Hebrew,
t Hand, Engrossing, ustic, and Am besque ;
with several Original Desngns, and an Ana.lysns of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Painters, Li ographena Engravers, Carvers,
&c. llected and Engraved by F. DnLAuorrs, ?nmed in Colours.
New and Cheaper Edition. Royal 8vo, 2/6

“ There is rised in it every ible shape into whlch thc letters of the nl‘phlbet and
lllllneli.l.; can be fomed. and lsthe nlem whlch lus been expended in the conception

MEDIZEVAL ALPHABETS AND INITIALS FOR
ILLUMINATORS.
By F. G. DELamorTE. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis Brooxs. Fourth
and Cheaper Edition. Small 4to, ornamental boards . 4/0

““A volume in which the letters of the llphabet come fonh glorlﬂod In glldlnglnd all the
colours of the prism interwoven and d and {

A PRIMER OF THE ART OF ILLUMINATION.

For the Use of Begmners H wnh a Rudimentary Treatise on the Art, Practical
for its d Examples taken from Tlluminated MSS.,
inted in Gold .and Colours. By F. DeLaMoTTE. New and Clleaper
ition. Small 4to, ornamental boards . 6/0
“The enmples of ancient MSS. wmmeuded to the stmhnt. whk:h with much good sensa.
the author fro: to all, are d with ji
well as taste.” —At)muﬂuu.

THE EMBROIDERER’S BOOK OF DESIGN.
Containing Initials, Emble; hers, Monograms, Ornamental Bord:
Ecclesuutl‘ml De\;sllcs, M:l‘slévarp d'Mode:gr Alphabets, and Natloel'::l
Emblems. Collected by F. DELAMOTTE, and pnnted n Colours. Oblon
royal 8vo, ornamental wrapper . g

** The book will be of great assistance whdlumdyonngchﬂdmwhnmmdowedwlth
the art of plying the needle in this most omamental and useful pretty work."—ZEast Angiian Times.

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS.
With Hints on Design. By A Lapv. With 10 Plates. New and Chuper
Edition. Crown 8vo, in emblematic wrapper . 2/0

* The handi of the d ,aowell:subookcmhnp!l‘tll.mlyhehlmﬁom A

Lady’s * publication.”. —AMMM.

PAINTING POPULARLY EXPLAINED.

By TnouAs JOHN GuiLick, Painter, and Joun Timss, F.S.A. lncludmg
Tesco, Mosaic, Water-Colour, Water-Glass, Tem; Een.
Miniature, lsamtmg on lvory, Vell um, Pouery, Enunel &c. Fl&h
Edition. Crown 8vo, cloth 5/0
"Adopudunl’dnBoohatsmthmgm
“Much ma‘y be leammed, even by those who fancy they do ot require to be taught, from the
careful perusal of t! Ayt Fom
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NATURAL SCIENCE, &c.

THE VISIBLE UNIVERSE.
Gore,
ographs

Chapters on theOn;m Coastruction of the Hea By J. E
F.R.A.S., Author of  Star Groups,”&c. lllnsu-nod by6 Stellar Phot

and 12 Piates. Demy 8vo, cloth . . . . 18/0

* A valuable and lucid y of recent b 'theol’y.mdaedmnhabhmd
by a series of steflar 1 3

a valuable atsre.
"llr.Gon’l‘;‘VldNaUnlvunl'hmof;.heﬁnmommnsxmlcﬂsdu'c:twhhvz
mmur peared in our language. In spirit and in meth scientific from cover to cover,
Imuye.lfsodulmd attractive thﬂlbﬂuncepﬂbhandumdabhtothmwbomﬂe
oot tific pretensions as to thoss who devote to matters
fercwry.

STAR GROUPS.
A Studmu Guide to the Constellations. By J. ELLarp Gore, F.R.A.S.,
M.R.1 ., &c., Author of ‘“ The Visible Universe,” * The Scanery of the

Helvens, &c. With 30 Maps. Small 4to, cloth . f . . . 8/0

* The volume contains thirty maps showing of th dxthmagnltudo—m usual naked.
limit—and :ac ccon ) d by a brief m", ¢ ‘; to facilitate recognition and b:'n;
tonodceob)onsollpochl interest. For rpose ‘gnllmhmy survey of the * midnight

AN ASTRONOMICAL GLOSSARY.
Or, Dictionary of Terms used in Astronomy. With Tables of Dm and Lists
of 'Remarkable and Interesting Celestial Objects. By J. ELLarD Gokre,
F.R.A.S., Author of *“ The Visible Universe,” &c. Small crown 8vo, clot;Ie

“Avn-m. il_:hwwkhtbqhmhmy and not to be despised by more
“A hnndybook . the wtility of which is much increased by its valuable tables of

THE MICROSCOPE.
Its Construction and Management. Including Techmqne Photo-micrography,
and the Past and Future of the Microscope. Dr. Henrt van HEURCK,
Re-Edited and Augmented from the Fourth anch Edmou, and Translated
by Wynne E. BaxTer, F.G.S. 400 pp., with upwards of zso ‘Woodcuts,
imp. 8vo, cloth . .. . . 18/10
"Atnnsluionolnwdl knnwn'ork. at nncepoyuhrmdcomptduﬂn. Tismes.

ASTRONOMY.
the late Rev. Roserr MaiN, M.A., F.R.S. Third Edition, Revised by
Wylu.mu THVYNNE L¥NN, B. A. R.A.§ formerly of the Royal Obmmory,
Greenwich. 1amo, cloth . . 2/
“ A sound and simple troatiee, very mmm;mmmm"

K
Emmm?“gaw down to the requirements of the present time by Mr. Lynn."—

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. Woobpwarp, A.L.S.,
F.G.S. With an Appendix on RECENT AND Fossu. CONCHOLOGICAL
Discoverigs, by RaLru Tate, A.L.S., F.G.S. With 23 Plates and
dpwuds of 300 oodcuu. Repnnt of Fourth Edmon (1880). Crown -;\Irg

** A most h of logi ‘md Jogical ‘MG«W

THE TWIN RECORDS OF CREATION.

ov and Genesis, their Perfect Harmony and Wonderful Concord.
By G. W LE VAUX. 8vo, cloth . . IO

A val to the evid "
the s lﬂwuwh mldeod Woch God Wo«l. N roal is
i gt ST o Tl T ks S o Wond e e ity
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HANDBOOK OF MECHANICS.
By Dr. LARDNER. _Enlarged and re-written by Bnuunn Lom, F. R.A S.

378 Illustrations. Post 8vo, cloth . . 8/0
*The icuity of the original has been i ‘and whh:hlxadl bsol
bave been mp!acad hz others of more d The gh
studiously &o and care has been taken to show the a phcaﬂon of the vadou: branches of
physics to industrial arts, and to the h?e. g Fournal,

HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
By Dr. LARDNER. New Edition, Revised and Enlarged by BB.NJAulN Lorwy.
F R.A.S. With 236 Illustrations. Post Bvo, cloth . 8/0
** For those ‘}vho desire to attain an sdmcn vlthout the

* this work is well uhpxed."—cm News.
HANDBOOK OF HEAT.
By Dr. LARDNER. _Edited and re-written by quum Lom, F. R.A_S &c.
117 Illustrations. Post 8vo, cloth . e/0
** The style is al dear d d y ri lea any ck
T S S e e

HANDBOOK OF OPTICS.
%7 Dr. LARDNER. New Edition. Edited by T. OLVER Hu.bmc, B. A Lond.
ith 298 Illustrations. Small 8vo, 448 pp., cloth 8/0

"ernen by one of the ablest English writers, b --v' ly IIl
—Mechanics' Magasine.

ELECTRICITY, MAGNETISM, AND ACOUSTICS.

By Dr. LArRDNER. Edited br E0. CAREY Fosrsn, B.A,, F. C S. With

400 Illustrations. Small 8vo, cloth . . . . . 10

“ The book could not have been entrusted to any one better cnlcula edto preserve the terse

and lucid style of Lardner, while correcting his errors and bringing up his wotk to the present
state of scientific knowledge.”—Popwlar Science Review,

HANDBOOK OF ASTRONOMY.
By Dr. LARDNER. Fourth Edition. Revised and Edited by EpwiN DuNkiN,
F R.A.S., Royal Observuory, Gteenmch. Wlth 38 Plues a.nd npwnrd.s of
100 Woodcuts. 8vo, cloth 9/6

“Probably no other book contains the same amount of ln and

well ulwed a form—certainly none at the price at which this is offered to the publir.. "— A thenasm,

‘e can do no other than unce this work a most valuable manual of astronomy, and

we strongly recommend it to who wish to acquire a general—but at the same time correct—
with this science.”—Quarterly Fournal of Sciencs.

MUSEUM OF SCIENCE AND ART.

ai.

Edited by Dr. La With upwards of 1,200 Ei on Wood. In
Six Double V .lumes, £1 1s. in a new and elegam cloc.h bmdmg ; or hand.
somely bound in half-morocco . £1 11s. 6o,
"A‘chnpnnd v g publicatic l}lke' xrlnﬂ ttractiv Thepamm
e, a
T . —

Separats books formed from the above.
Common Thi Explained. ss. St and its Uses. as. cloth.

The Microscope. s. cloth. Popular Astronomy. 4s. 6d. cloth.
Popular Geology. 3s. 6d. cloth. ‘The Bee and White Ants. 3s. cloth.
Popular Physics. 3s. 6d. cloth. The Electric Telegraph. 1s. 64.
NATURAL PHILOSOPHY FOR SCHOOLS.
By Dr. LARDNER. Fcap.8vo . . . . 318

“A very convenient class book for junior uudents in prlvate lchools."—ﬂd&h Quarterly

ANIMAL PHYSIOLOAGY FOR SCHOOLS
By Dr. LARDNER. Fcap.8vo . . T - 1] - |
* Clearly written, well d, and III d.”=Gardener's CAronicle,
THE ELECTRIC TELEGRAPH.

By Dr. LARDNER. Revised by E. B. Brigut, F.R.A.S. Fcap.8vo. . 2/8
* One of the most readable books extant on the Electric Telegraph."—Bngiish Mechansc.
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CHEMICAL MANUFACTURES,
CHEMISTRY, &c.

THE GAS ENGINEER'S POCKET- BOOK.

Taber, Notes and Memorands relating 0 the Mamafacture,
Dhatr, cutwm 2z Use of Cral Gas and the Coastraction of Gas Warks. By
H O Coumon, A M.Iast. CE. Sex:coi Edzion, Revised. 470 pp., cown
fu..y I...strated, senther. [ Juxt Pudizshed. 100
"hgvr‘—r—m‘nmwnrslm_m?; comsecutively through
T, s - o=t Tuers s avodverd i ench PeSCEEES o
2‘:’::-051';{'." rr_/v:...'a‘l_d--.aq' 3 compilanon of dasd matwess of fact
o it s L ad (ot .
pae y v‘..-u lrr"unr.riz e s and Al d or heating by
-‘.— Rt 4 e varw, 4 Aeserey %ndhdmmhmm
S Mmier £ oamy way mceted WDt tle Bt Lfartore and ave of n deak with. Tkhuih
cwun:.yun comiwed, and Cevtamsy a ddition te gas

“Tkwlmuk-aﬁoam:r.aartydum'L d ath

trestworhy ¥, .0 21, Wi S shuad mndw*nn—h-ﬁ-tbm
prrbcel —Engincer.

LIGHTING BY ACETYLENE

Generators, Barners, and Electric Furnaces. By WiLLiau E. Gisss, M.E.
With 66 lliustrations. Crown Svo, cioth. [ /ust Published. T7/6

ENOINEERINO CHEMISTRY.
WTM&&!MUﬂdwmmh@

M Iron Founders, Students and otbers. Ci g M

and V. wu‘m of the napal Materials vsed in a‘k, with
Analyses, E and S By H. J. Pmu.u-s, 1.C,, F.CS.
‘Ihird Edition, lievuedandfnhr;ed. Crown 8vo, 420 pp., with Plates and
other lllustrations, cloth. (/ust Publisked. Net 10/8
“Ia this work the suthor has rmdmmlmmamwydpnnl

...Thc-:uoiral hods may be px ru.—l“ 'Nm y. being as

l-ul]ulgmdlhmgs As a handt E‘:‘“ k

* The analytical methods given are, as a whole, such um ﬂmmnﬂd
mhynwhsmupedcm:adhamh. Thaebmncbmd—:da:npﬁnm thc'ut.
the chaptes on *Ofls and L be-g P in this respect.”

NITRO-EXPLOSIVES.

A Pncuul'l‘rmue cooeemm‘g the Properties, Manuf; and Analysi
of Ni the Ful, Smokeless’ Powders, and
Celluloid. By P.G. Suvom,FlC. leungChenmtolheCottonPovdu
Company, &c. With Ilunnnom. vo,clo(h. [Just Published. ©/0

A HANDBOOK ON MODERN EXPLOSIVES.
A Practical Treatise on the N f: mdUseonynarmte,Gun-Cotton,
Nitro-Glycerine and other Explosive C. Collodion-Cotton.
With Chapters on Explosives in Practical Apphcnuon. By M. Elssu:x,
Mining En and Metallurgical Chemist. Second Edition
With 150 Illustrations. Crown 8vo, cloth. [Just Pubkslud 1
** Useful not only to the miner, but also to officers of both services to whom blasting and ﬂa
use of explosives generally may at any time become a necessary auxiliary,”—Naswre,

DANGEROUS QOODS.

Thelr Sources and Propemes, Modes of Stomge and Tra.ns&ort. With Notes
and C arisin Government

and Railway ClmﬁcnuonsbActs of Parllament, &c. A Guide for the Use of

Government and Railwa Owners, I C

and Manufacturers, and Users of Explosi and D: Goods. B

H. Joswua PuiLries, F.I.C., F. C S. Crown 8vo, 374 PP ,cloth . . 9

Merits a wide circulation, and an Inldlig‘nt. study.”=C) News
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A MANUAL OF THE ALKALI TRADE.

luding the Manuf; of Sll(nljhunc Ac:d, Sulphate of Soda, and Bleu:hm
Powder By Joun Lomas, All er, Newcastle-up 5
London. 390 pp. of Text. With 232 Illustrations and Worlunz Drawmgs.
Second Edition, with Additions. Snper-royal 8vo, cloth . £1 10s.
w;‘;h}sbook}swﬂttmbya d';h pan’irehd Tdet:l:ﬂofthnmost
a) forms of a; Eamu and these
nxgnvings, all of which may be nsed'gr' the purpos::e ofu::n-;mcﬁon.byliverx step in t.hs: manu-
facture is vez]fully descrlbed in this manual, and each imp:

“We find not merely a sound and 1 ion of the chemi of the
trade, but a notice of numerous matters which have a most important beanng on tho successful
conduct of alkali wotks. but which are by even exp
authors,”"—Chemsical Review,

THE BI.OWPIPE IN CHEMISTRY, MINERALOGY, AND

Conuumng nll known Methods of Anhydrous Analysis, many Working
Examples, and lnstrucuons for Making Apparatus. By Lieut.-Colonel W. A,
Ross, R.A., F.G.S. Wlth 120 Illustrations. Second Edmon, Enlarged.

Crown 8vo, cloth . . . . . 8/0

** The student who goes e y h the f experlmentaﬂon here Iald down

will gain a better insight into i y and 1l ,dunlfhehad'gotn? mxofthe
best text-books of the day, and pa:ud any ber of inati in their

News.,

THE MANUAL OF COLOURS AND DYE-WARES.

Their Properties, Applications, Valuauons, Im; Eunt.us and Sophistications
For the Use of ﬁyers, Printers, Drysalters, Brol &c. By J. W. SLATER.
Second Edition, Revised and gready Enluged. Crown 8 vo, cloth . 786
“A 1 dia of the ‘The information given respecting each

article is full and prense. and the methods of detemnning the value of amgc‘les such as these, so
Ea”t:‘h to sophkdcltlon, are given with well as "Chemnisé

ls no other work which covers precisely the same und. To :tudanls pnpuinz
ﬁnmmlnadonsln dyeing and printing it will prove ugzal. ! News.

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Practice of Btewmg
By HErBERT EpWARDS WRIGHT, M.A. Second Edmon, Enlnsud 1 2[8

8vo, 530 pp., cloth. (Just Publi
* May be consulted with advantage by the who is himself for
tests, while the scientific brewer will find in it a r(mml of all the most (mporunt d:scmeﬂes of
modem times. The work is written throughout in a clear and com:ise _manner, and the author
;kes grzn care to vague and d facts,"—Brewers’
orurna.
“We have grea! in recoinmending this h. book, and have no hesitation in saying
ﬂut it is one of the beap—ihﬁlu:thebest—whlch has yet boenmywﬂm on the subject of beer-b:
in this country; it should have a place on the shelves of every brewer's Iibnry”—ﬂmr

ydian.
* Although the i of the stud imaril: of half-
an-hour’s d jon cannot faﬂ to impress the pru:tlcal brcwe: wlth the mse of hlving found a
trustworthy guide and inb ! Trade Fowrnal,

FUELS: SOLID, LIQUID, AND GASEOUS.

Their Analysis and Valuation. For the Use of Chemists and Engineers. By
H. J. PuiLrips, F.C.S., formerly Analytical and Consulting Chemist to the
G.E. Rlwy. Third Edmon, Revised and Enlarged. Crown 8vo, cloth 2/0
*Ought to have its in the L o(eveq
fuells on a large "—Chemical New.

THE ARTISTS' MANUAL OF PIGMENTS.
Showing their Composition, Conditions of Permanency, Non-. Permanency, and
Adulterations; Effects in Combination with Each Otj:er and with Vehicles ; H
and the most Reliable Tests of Purity. By H. C. STaNDAGE. Crown 8vo. 2/6
“ This work is indeed smu/fsum-in-parvo, and we can, with good conscieuu:o. recommend it to
all who come in contact with pigments, whether as makers, dealers, or users.”"—Chemiaal Review.

Cc2
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A POCKET-BOOK OF MBNSURATION AND GAUGING.

Coantaining Tables, Ruls, and M for Officers, Brewers,
Spirit Merchants, By J. B. MANT, lnlmd Revenue. Second Edition,
Revised. 18mo, luther . . . . . . B . 4/0

This handy and useful book is adapted mmmummwm
.-n.nnd-lllbo!hvoudu book of reference.”—Civiian.
“Should be in the hands of every ] brewes.”. " Fe .

INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical o? reqM

Cultivation of the Tea Plant and the tion of Tea for th uket. By

A. J. WaLLis-TAvLER, A. M. Inst. C.E. Medium 8vo, 468 pp. With 218

Illustrations. (Jnst Publulud Net 28/0

SUMMARY OF CONTENTS :—MECHANICAL CULTIVATION OR TILLAGE OF THE
SOIL.—PLUCKING OR_GATHERING THE LEAF.—TEA FACTORIES.—THE DRESSING,
MANUFACTURE, OR PREPARATION OF TEA BY MECHANICAL MEANS.—ARTIFICIAL
WITHERING OF THE LEAF.—MACHINES FOR ROLLING OR CURLING THE LEAF.—
FERMENTING PROCESS.—MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE
LEBAF,~MACHINES FOR NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING
OR FIRING MACHINES.— BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING
THR TEA.—MEANS OF TRANSPORT ON TEA PLANTATIONS.—~MISCELLANEOUS MACHINERY
AND APPARATUS.—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

*“The subject of tea machinery is now one of the first interest to a lugocla- of people, to
whon we strongly commend the volume." "—CAamder of Commerce Fowu:

** When tea planting was first introduced into the British poWons Iinh. if any, machinery
was mployod but m;: l:;. use is ahno‘s;‘un}nrﬂ‘m This dv:l:;m cg:.cnhu p'::‘e ::2 account ow
mac] necessary for the proper outfit of a m
curied.:zt by this machinery.”—¥ournal Socie processes

FLOUR MANUFACTURE.

A Treatise on Milling Sci and Practi By F # Kicx, Imperial
Regierungsrath, Professor of Mechanical ‘l‘echnolog in the lmEen German
Polytechnic lnmtuu, Prague. Translated from the larged and
Revised Edition with Supplement. By H. H. P. PowLgs, Assoc. Memb.
Institution of Civil Engineers. Nearly 400 Pp. lllnstnted with 28 Folding
Plates, and 167 Woodcuts. Royal 8vo, cloth . . £1 Bs.
** This valuable work is, and will remain, the mndaﬂmtbnﬂtymtho:dmceﬁnm
Themlllawhohumd and digested this work will have laid the of a
SUCCH 3 he will have acquired a number of general principles which he can proceed to
apply. In hkmdwmvdmnuhnhnmmmadmbookﬁwﬂmnghm
sound English, which has little, if any, trace of the German idiom."'—ZhAe Miller.

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drawing, Doubhn, and Spinning of Cotton, the Methods of
Dyeing, &c. For the U Operatives Overlookers, and Man

By JouN LisTeR, Technical Instructor, Pendleton. 8vo, cloth . . 78

* A distinct advance in the literature of cotton mnuhctum"—-}l!uhdnny
“ It is thoroughly reliable, fulfilling nearly all the requirements desired.”"—Glasgow Hevald,

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. r' WaLLIs-
TAvun, A. M. Inst. C. E., Author of * Ret;tgemnng Machin &c. With
P of 300 l“ Crown 8vo, cl [Just Published. 10/8

*“The large trade that Isdoulnthacom cm rts of bicycles has placed in the way of
men bicycles for their own use, . *Im
book will pm;c l"_u}:lbhguldaforllrmwhoaqﬂutothom orup-lxofthdlown
‘A most comprehensive and up-to-date treatise.”"— The Cycle.
** A very useful book, which is quite entitled to rank as a standard work for students of cycle
construction, "= Wheeling.
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CEMENTS, PASTES, GLUES, AND GUMS.

A Practical Guide to the Manufacture and Application of the various Aggluti-
nants required in the Building, Metal-Working, Wood-Working, and Leather-
Working Trades, and for Worksho , Laboratory or Office Use. With u

of goo Recipes and Formule. By H. C. STANDAGE, Chemist. Third mon.
Crown Bvo, cloth, [Just Published. 2/0

*“We have in bly of this volume. So far as we have had
uperlence. which is not lncons(demble thls manual is trustworthy."—A thenawu:

8.
‘' As a revelation of what are consdemd trade secrets, this book wﬂl arouse an amount of
curiosity among the large of i it

THE ART OF SOAP-MAKING.

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of
Glycerine from Waste Leys. By ALx. WATT. Sixth Edition, including an
Appendix on Modern Candlemaking. Crown 8vo, cloth.

[ Just Published. 7|6

*“The work will prove very useful, not merely to the technological student, but to the
practical soap boiler who ‘wishes to understand the theory of his art."—Chemical News.

** A thoroughly practical treatise on an art which almost no literature in our )
W.mcrltuhtathelumronm.mecauolhls endeavour to fill a void in English

PRACTICAL PAPER-MAKING.

A Manual for Paper-Makers and Owners and Mmagers of Paper-Mills. With

Tables, Calculations, &c. B¥ CLAPPERTON, -Maker. With Illus-

trations of Fibres from Micro- hotogmphs. Crown Bvo, cloth . 8/0
F7IF % The author for the requirements of responsible t &cc., whilst
hhmuuwi-l'llbefo?;d":! ud .suw:. to students ofbeclmolozy. -.n"mokvf{m e
makers and mill owners. e illustrations form an excellent feature.”—7ke Worid's Paper

“We body in the trade to get a copy of this thoroughly practical
book e om ybody get a copy gh!

THE ART OF PAPER-MAKING.
A Practical Handbook of the Manufactureof r from Rags, Esparto,
Straw, und other Fnbrous Materials. lnclwdmg the anuﬁu:nue of Pulp from
f_pnon of the Machinery and Appliances used. To
which m mided Detanls of Processes for Recovering Soda from Waste Liquors.
By ALexaNDER WATT, Author of * The Art of Soap-Makmg ”  With Illus-
trations. Crown 8vo, cloth . ..

It may be ded as the dard work on the' j Thabooklsfullo{uhuhl.
The *Art of Paj aper-Making* is in every respect a a model of a text-book, either fora
technical class, or for the private student.”—Paper and Printing Trades Fournal,

A TREATISE ON PAPER,

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete
Tables of Sizes, and Specmens of Dnﬂ’erem Km of Paper. By RICHARD
PARKINSON, late of the M T hool. Demy 8vo, cloth.

Just Published. 8|6

THE ART OF LEATHER MANUFACTURE.
Being a Practical Handbook, in which the Operations of Tn.nnmg, Currying,
and er Dressing are fully Described, and lhe Pnncn es of Tanning
Explained, and many Recent Processes Introduced thods for the
Emmanon of Tannfn and a Ducw)non of the Axts of Glue Bouhng, Gut
c. By ALEXANDER ATT, Author of * Soap-Makm ' &c.
Founh ﬁdmon. grown 8vo, cloth . . 9/0

A sou cnmpreheul treatise dhsu:casodu. Tho bookhan cminemly
et sdound onmmofbothmthmuxdpuuism—cm
Review.

THE ART OF BOOT AND SHOE MAKING.
A Practical Handbook, including Measurement, Last-Fitting, Cutting- ut,
Closmg and Making, with a Description of the most appr proved Machi
m ed. By Jonn B. Lsuo, lue itor of S¢. Cmm, lnd Ths Boot aud
g 12mo, cloth. . . . . 210
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WOOD ENGRAVING.

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown.
12mo, cloth . 1/8

'nubookhd-lud rhu.nd-illbemdnlw m'lndngmnnde:sundth
first eloemeonts of the beautiful ast voodncnvh("—wu?’ e

MODERN HOROLOQY, IN THEORY AND PRACTICE.

Translated from the French of CLAUDIUS SAUNIER, ex-Director of the School
of Horology at Macon, by & LIEN Tlurn.m, F‘R A.S., Besancon Watch

Manufacturer, and EDWAnn u;a, A, yer in the Royal Mint. With

Seventy-eag t Woodcuts and 2wo Coloured Coppu Plates. Second

a uper-royal 8vo, clmh £2 2s.; balfcalf . . £2 10s.

“There in .

thon of M. o e e e e e good.n i) gl et
a8 a reference for the experienced ho mmm-ﬂmwmz.

--mmmmocc?n?m. the most reliable of those literary uctions to which

atchmakers ebted for the mechlnkll mpodorl their Eﬁhsh
«in fact, the Book of Books, is M. Saunier’s * Treatise.’ " tymr

THE WATCH ADJUSTER’S MANUAL.
g PncmalT Guide u:‘grAtéh‘eu t\::u?: llnd Chronom:t:r Ad{\:lstd% in Makmg.
mm‘k‘u‘?.;rs.“ 370 pf:' s li Illustrations, 8vo, cloth . 16/0

THE WATCHMAKER’S HANDBOOK.
Intended as a Wotklholp Companion for those engaged in Watchmaking and
the Allied Mechani Translated from the French of CLaubius
SAUNIER, and enlarged Juuien TwierriN, F.R.A.S,, and Epwarp
RiGG, M.A., Assayer in the Royal Mint. Third Edition. 8vo, cloth. 9/0
“B.chput tr:znmdnlnludt The arrangement hgoodudq:ehnmmhdsu
v

concise. ide for the young watchmaker."—. o
“It is im, ble to s, hlzhly (’rf its excellence. It nq'uinmut ina
book Should

inf adfonhcuuoh be found in every workshop."—Waick and

A HISTORY OF WATCHES & OTHER TIMEKEEPERS.

By James F. KEnpar, M.B.H. Inst. Boards, 1/8; or cloth, gilt . 2/6
. h b peared his subject in the English language.” —fmdustries.
"The bene‘l:‘;fk wrm y:\'l, 1 may, thoa.:a'k l:lte{::inﬁ n:a tter in it concerning the ingenious

devices of the ancient o 1y Keview.

ELECTRO-PLATING & ELECTRO-REFININGOFMETALS.
Being a new edition of ALEXANDER WATT's *‘ ELECTRO- DEPOSITION Re-
vised and Largely Rewritten by ArRNoLD PHirip, B.Sc., A.LLE.E., Principal
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth.

[Just Published. Net. 12/6
Emlnlntly a book for the %mﬁcn worker in ehcuodefoslﬁ:-;d It cgmnulns practical

kshop."—
Ew‘nur.

ELECTRO-METALLURGY.

Practically Treated. By ALExANDER WATT. Tenth Edmon, mcludmg the
most recent Processes. 12mo, cloth . .

“methlsbookbothmteurmduﬂunm leamcveqthlngmryﬁor the m(ul
prosecution of electroplating.”—J/ron. Y

JEWELLER'S ASSISTANT IN WORKING IN GOLD.

A Practical Treatise for Masters and Workmen, Compiled from the Experience
of Thirty Years’ Workshop Practice. By GEORGE E?' Gn'., Author of “_}ltg

Goldsmlyth's Handbook," C. Crown 8vo, cloth
" * This manual of ! dmultoboanhnbhlnxﬂuytoa
which is ble of gmt P! Ye=The Times.
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ELECTROPLATING.
A Practical Handbook on the Deposition of Cw)per, Silver, Nickel, Gold,
Aluminium, Brass, Platinum, &c., &c. By J. URrQUHART, C.E. "Fourth
Edition, Revised. Crown 8vo, cloth. ust Published. 8|0

** An excellent practical manual,”—Engvneers
¥ An excellent work, giving the newest inlormadon. "—Hovrological Fowrnal,

ELECTROTYPING.
The Reproduction and Multi Ilcatlon of Pnntm Surfaces and Works of Art
b t‘llle lectro-Deposmon of By RQUHART,C E. Crown 578
ot

*The book is thomughl pracﬁul the reader is, therefore. conducted thmugh the leadlng
laws of electricity, th enthmug{ the metals used b¥' ypers, the and the
processes, up to the final preparation of the work.”—Ar¢ Fournal,

GOLDSMITH’S HANDBOOK.
By GEorGE E. GEE, Jeweller, &c. Fifth Edition. 12mo,cloth . . 8/0
“A good, sound educator, and will be d as an ity." —Horological

Sosrnal,
SILVERSMITH’S HANDBOOK.

By GeorGe E. GEE, Jeweller, &c. Tlnrd Edition, \nt.h numerous Illustra.
tions. 12mo, clot! . e e e PN 3/0
*The chief merit of the work is its ! h kers in the tﬂde will
speedily discover its merits when they sit down to study it "—En[luh Jledmma
*,* The above two works together, strongly half-bound, price 7s,

SHEET METAL WORKER’S INSTRUCTOR.

Comprising a Selection of Geometrical Problems and Practical Rules l'or
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper,
Tin-Plate Workers. By REuBEN HENRY WARN. New Edition, Revnsezi and
greatly Enlarged by Jossm G. HornER, A.M.LLM.E. Crown 8vo, 254 ;’)
(]

with 430 Illustrations, cloth (Just Published.
BREAA%S |§ BISCUIT BAKER’S & SUGAR-BOILER’'S

Including a lar% variety of Modern Reci With Remarks on the Art of
Bread-making. By RoBErRT WELLS. Thir Edmon. Crown 8vo, cloth . 2/0
“ A large ber of wrinkles for the ordinary cook, as well as the baker.”"—Saturday Review,

PASTRYCOOK & CONFECTIONER’S GUIDE.

For Hotels, Restaurants, and the Trade in general, adapted also for Family
gs:h By R. Wm.m, Amhor of * The Bread and Biscuit Baker.” Crown 5‘['3
o . .

* We cannot s too hl of this leally excellcnt work. In thmdn of keen competition
our readers cannot J::ﬁk hl‘ y book."—Bakers' Times. Ve pat

ORNAMENTAL CONFECTIONERY.
A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of
Modern Recipes, and Remarks on Decorative and Col oured Work. With 1
Original Designs. By RoBERT WELLsS. Second Edition. Crown8vo . &/

* A valuable work, practical, and should be in the hands of every baker and confectioner.
';.he {llustrative designs are alone worth treble the amount charged for the whole work."—ZBakers®

THE MODBRN FLOUR CONFECTIONER, WHOLESALE

Conunmng a large Collecuon of Remges for Cheap Cakes, Biscuits, &c. With
remarks on the Ingredients Used in their Manufacture. By ROBERT WELLS,
Author of ‘ The Bread and Biscuit Baker,” &c. Crown 8vo, cloth .

* The work is of a decidedly practical character, and in e recipe regard is had to economical
working."—North British Da:ly ail, Tery recipe

RUBBER HAND STAMPS

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektogra&h,
Special Inks, Cemeats, and Allied Subjects. By T. O’CoNOR SLOANE, A.

.D. With 11 ions. Sq 8vo, clotk. . . .
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HANDYBOOKS FOR HANDICRAFTS.

BY PAUL N. HASLUCK.
Editor of * Work " (New Series), Author of *‘ Lathe Work," * Milling Machines, * &c.
Crown 8vo, 144 pp., price 1s.

Thess HANDVBOOKS have besn written to suppl. u/omaﬁu for WORKMEN,
STUDENTS, and AMATEURS w the several Handicrafts, on ths actual PRACTICE 0
the WORKSHOP, and are intended to convey i p tn language TECHNICAL KNow-
LEDGE 0f ths several Crarrs. In describing the processes employed, and the manipu-
lation of matsrial, works terms ars md mhhop pnwua is fully sxplained ;
and the text is fresly sl ted with d of tools, app and
processes.

THE METAL TURNER’'S HANDYBOOK.
A Practical Manual for Workers at the Foot-Lathe. With over 100 Illus-

trations. . . 1/0
*“ The book vmhdmmkemtmwmdmmmu It displays
thorough knowiedge of the subject."—Scotrman,

THE WO0OOD TURNER’S HANDYBOOK.
A Practical Manual for Workers at the Lathe. With over 100 Illustrations.

1/0
* We recommend the book to young turners and amateurs. A multitude of workmen have
hitherto sought in vain for a manual of this special industry. "—Mechanical Weorid.

THE WATCH JOBBER'S HANDYBOOK.

A Pmcuul Manual on Cleaning, Repairing, and Adjusting. With upwards of
ustrati i
"lﬁolgnmgiy w%mmmcmummmmwmm study

THE PATTERN MAKER'S HANDYBOOK.
A Practical Manual on the Construction of Patterns for Founders. With
pwnrd.sofxoo Illustrations T . 10
‘* A most valuable, if not indispensable manual for the pattern maker."—Knowledgre.
THE MBCHANIC’S WORKSHOP HANDYBOOK.
A Practical Manual on Mechanical Manipulation, embracing Information
on various Handicraft Processes. With seful Notes and Miscellaneous
e, o o e S et vy vortabop o B
cortanly find 3 place i Al techalcal schoots. - Sanireday Rovrcm: v
THE MODEL ENGINEER’S HANDYBOOK
A Practwd Manual on the Construction of Model Steam Engines. V:i’ta

of 100 11l ions. . . .

*Mr. Hasluck has produced a very good little book."—Bwilder.

THE CLOCK JOBBER’S HANDYBOOK.
A Practical Manual on Cleaning, Repairing, and Adjn.sung With upwln:l];/ ool

100 Illustrations . . o e
* It Is of inestimable service to those ing the trade.”—C y Standard.
THE CABINET MAKER'S HANDYBOOK.
A Practical Manual on the Tools, Materials, A and P
employed in Cabinet Work. With upwards of 100 lﬂustnuons . <« 1/0

**Mr. Hasluck's tho: h. dyb is the most ical guides
have seen for beginners in ca m"—&mm_y Review, ° i

THE WOODWORKER'S HANDYBOOK OF MANUAL

INSTRUCTION.
Embracing Information on the Tools, Materials, Appli and P
Employed in Woodworking. With 104 Illustrations. . . . . 110

. ho kn Ol»mlor:“sl oF runkPn.s be bt b do k. and
ritten by a man who knows, not only how work ought to be done, ow to
how to oonv;r his knowledge to others.". --Eny ineering. &h *
*Mr. Hasluck writes ldnunbly and gws

“ Mr. Hasluck he 1 teacher with the manlpulldn skill and
knowledge of procuss of the nmned ician, and the of what
can be g‘ roduced at a popular rnce. —Schnlm.mr
elpful toworkmeno all ages and "w=Daily CA

“P sensible, and remarkably cheap.”— rnal of Bducation,
Conchn.clou,lnd;l;ncdml. Mp‘ a?:: v
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COMMERCE, COUNTING-HOUSE WORK,
TABLES, &c.

LESSONS IN COMMERCE.

By Professor R. GAMBARO, of the Royal High Commercial School at Genoa.
Edlted and Revised by JAMES GAULT, Professor of Commerce and Commercial
Law in King's College, don. Fourth Edition. Crown 8vo, cloth . 8/68
-dua;o-:h.p‘lln of:hkpmdctt‘;:;.m lc gl‘ge mp‘:nmndy“co ble to
the opportune Ju of volume. . acce
tezen spoadmlnbhaddlﬂo n to class books. lnnp thln.kmwo
its object in furnishing a brief account of those laws and customs of desh trade with which
the commercial man interested therein should be familiar.”—Ckamber Cmm ournal.
‘* An invaluable guide in the hands of those who are preparing for career, and,
In fact, the it of should be imp d on every one."—
Counting House.

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Commercial Correspondence in Five Languages—English
Frengh German, Italian, and Spanish. By ConNrap E. BaAKER. 'fhmi
Edmon, Ca:cfully Revised Throughout. Crown 8vo, cloth,

[Just Published. 4]6

* Whoever wishes to d in all the by Mr. Baker cannot do
better than study this work. the materials of which are llent and
mm'mim e s T asicons fermne e Aot passag o
e same ea in ",
"mufulenmlnadonmu convinced us that it is well d and
sellable. The book is a th good one. X

FACTORY ACCOUNTS thelr PRINCIPLES & PRACTICE.

Nomencluu.re ol Mu:hlne Detuls the Income —’l‘u Acts t.he Rnnn of
Factories; Fire and Boiler Insurance ; ; the Factory and Worksh Act.m
including ‘also a Glossary of Terms and a large number of Speclmen

By EMILE GARCKE and J. M. Ferrs. Fifth Edition, Revised and Enlar;
Demy 8vo, cloth. [Just Publtshcd %/e
A very description of the i l )
assimilating the ) wme 1 b boobhmvhkhnthmwgﬁly
umwlth. = A coontants' 9‘
** Characterised by extreme tho: ‘There are few owners of factories who would not
derive great benefit from the perusal of llmon ble work,"”—Local G ¢ Ci

MODERN METROLOQGY.

A Mamnl of the Metrical Umu md S ems of the present Century. With

nglish System. By Lowis D. A,
JACKSON, A. M. Inst. C. E Author of ““Aid to Survey Practice,” &c. Large
crown 8vo, . 12/6

"w.wmmmmwhmwmammm
measures.”—Nasure.

A SERIES OF METRIC TABLES.

In which the British Standard Measures and Weights are com| with those
of the Metric System at present in Use on the Continent. By H. DowLiNG,
C.E. 8vo, strongly bound 10/6

*Mr. Dowling’s Tabiles are well tmunmd,mmthmmionofm
mlnmmo?:s " thenarm, P

THE IRON AND METAL TRADES' COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by

Weight, from 1$. per cwt. to 1125. per cwt., and from one l’an.hmg per pound to

one shilling per pound. By THoMAs DOWNIE. 396 pp., leather . . 9/0

”Amuufuls:tuﬁhuu.n':thmlggmm:mbdoneﬂnﬂw a soful in
every other b peg chh is bought and sold bywl:mu. —R-dm;lvmu
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NUMBER. WBIOHT. AND FRACT IONAL CALCULATOR.

ooo S i g at a Glance the

Vdmu 422 bnl’enm Ruu, rangm( from,-ht.h of a Pennytoaos each, or per

cwt., and £20 ton, of any vely, from 1 to 470.

Any number cvu., rs., and Ibs., ﬁ'om 1 cwt togo cwts. Any number of
cwts., qrs., and from 1 w 1,000 tons. By WiLLiam CHADWIC

Public Accountant. Tlnrd Edluon, Revised. svo, m'ongly bound . d

“It is as easy of reference for an:
:nkbg’up accounts or estimates the “anu. to all w):f Inve my conddmﬂ.
to do.".

of
Thmpuhctmtolm.khdycmnd. —Glasgow Herald,

THE WEIGHT CALCULATOR.

Beinia Series of Tables uj a New and Comprehensive Plan, exhibiting at
eference the exact Value of any Weight-from 1 Ib. to 15 tons, at 300
ive Rnes, from 1d. to 1683 per cwt., and containing 186,000 Direct
Answers, which, with their C of a nno’e addition
(mostly to be orned at n‘ht), mll lﬂ'ord an ngxregu 10,266,000
Answers ; the whole bein, correctness and
omote detputdL By H‘u:v HAul.n, AeeounnnL Flft.h Edmon, gmfnlly

oyal 8vo, stroagly half-| 1 Bs.
o’rlcﬂulmdunmlwoﬁdmlwm buin‘- .—mﬂm”
“Of priceless value to business men. It is a necessary book in mercantile -

THE DISCOUNT QUIDE.
CompnnngumnlSeﬂuofTahlufor the Use of Merch Manufs
Ironmongers, and h-B by which may be ascertained the Exact Profit
from any mode of using Discounts, either in the Purchase or SaleofGoods
the method of either Altering a Rate of Discount, or Advancing a Price, 50 as
to produce, by one operation, a sum that will ise any required Profit after
dlowmg one or more Discounts: to which are added Tables of Profit or
Advance from 1} to go per cent., Tables of Discount fmm 1} to 98{ cent.,
and Tables of Commission, &c., "from § to 10 per cent. ENRY ARBI‘.N,
Accountant. New Edition, Corrected. Demy 8vo, half- boun . 1 Ss.
“Aﬂ;blo‘okfmchu thh_rﬁm arxlkyba lppuch::‘d by?u::lna-mmu, toh:vnhomth-nvhgofdnp
Beans sa' of money. 18 WO must ve ue merc| mnubcmlus.
general tradess. " —5: A Trade Fournal, pro e t

TABLES OF WAGQES.

At s4, 52, 50 and t Hours per Week. Showing the Amounts of Wa,
One quarter of an hour to Slxty-four hours, in each case at Rates of Wages
advancing by One Shilling from 4s. to 553 per week. By THoS. GARBUTT,
Accountant. Square crown 8vo, half-bound . . . .« . 80

IRON-PLATE WEIGHT TABLES.
For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by } in. to 10 feet by s feet by 1 in. Worked out on the Basis of
40 lbs, to the square foot of Iron'of 1 inch in thickness. By H. BURLINSON
and W, H. SimPsoN. 4to,balfbound . . . . . . £1 8s.

MATHEMATICAL TABLES (ACTUARIAL).

C ising C ion and Conversion Tables, Logarithms, Cologarithms,
Annfoga.mhms and Reciprocals. By J. W. GOorDON. _Royal 8vo, mounted
on canvas, in cloth case. [Just Published. 8|0
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AGRICULTURE, FARMING,
GARDENING, &c.

THE COMPLETE GRAZIER AND FARMER’S AND
CATTLE BREEDER’S ASSISTANT.

A Compendium of Husbandry. Originally Written by WiLLiAM YOUATT.
Fourteenth Edition, entirely Re-written, considerably nla.rged, and brought

up to Present Req\urements, by WiLLiaAM FreEAM, LL.D., Assistant Com-

, Roy: on Agriculture, 1893, Author of “ The Elements

of Agﬂculture, &c. Royal 8vo, x,xoo[p/p twnth over 4so Illustrations,

US|

handsomely bound. Published. £1 11s. Bo.
SUMMARY OF CONTENTS.
BOOK I. ON THE VARIETIES, BREEDING, BOOK VII. ON THE BREEDING, REARING,
G, FArrnch AND MANAGE- AND MANAGEMENT OF POULTRY.
MENT OF CATT! BOOK VIII. ON FARM OFFICES AND
BOOK II. ON 'mn "ECONOMY AND MAN. IMPLEMENTS OF HUSBANDRY.
AGEMENT OF THE DAIRY. BOOK IX. ON THE CULTURE AND MAN-
BOOK 1II. ON THE BREEDING, REARING, AGEMENT OF GRASS LANDS.
AND MANAGEMENT OF HORSES. BOOK X. ON THE CULTIVATION AND
BOOK 1V. ON THE BREEDING, REARING, APPLICATION OF GRASSES, PULSE AND
AND FATTENING OF SHEEP. OOTS,
BOOK V. ON THE BREEDING, REARING, BOOK XI. ON MANURES AND THEIR
AND FATTENING OF SWINE. APPLICAT(ON TO GRASS LAND AND
BOOK VI. ON THE DISEASES OF LIVE CRO!
STOCK. Boox xn. MONTHLY CALENDARS OF
FARMWORK,
** OPINIONS OF THE PrEss oN THE NEw EpITION.
* Dr. Fream is to be lated on the ] hehumndntoglveullwork
which will at once become the standard classic of the farm practice of the coun ‘We believe

that it will be found that it has no compeer among the many works at present in

The illustrations are admirable, while the which the well-kn bull,
NewYea(sGlﬁ ownedbytheQueen,isaworkofm"—-TM Times.

“The book must be recognised as occupying th @ most ive work
of rdme in the English lagzuza on the subject w-t.h whh:h lt d " tlwmum.

**The most guide t dern farm that exists in the English language
to-day. . . The book is one that ought to be on every farm md in the library of every Iand

owner. —.Mar& Lane Express.
*In point of exhaustiveness and Iccuncy the work will cmalnly hold a pre-eminent and
'au posmon among books dealing wi It s, in fact, an agricul-
tural library of itself.”’—Norzk British Agnculmmt.

FARM LIVE STOCK OF GREAT BRITAIN.

By RoBERT WALLAc:iJF .L.S,, F.R.S.E., &c., Professor of Agriculture and
Rural Economy in the mversuy of Edinburgh. Third Edition, thorou hly
Revised and considerably Enlarged. With over 120 Phototypes of
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 12/8
“ A really complete work on the history, breeds, and management of the farm stock of Gmt
det;‘h.rmdonewhich is likely to find its way to the sheives of every country gentleman's library.”
“ The latest edition of * Farm Live Stock of Great Britain’ is a production W of, and
its luu: ;ot the least of the services which its author has rendered to agric! science.”=—
Scottis armey.

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,

By PRIMROSE MCCONNELI., B.Sc., Fellow of the Highland and Agricultural

Society, Author of ‘ Eiements of Farming."” Sixth Edition, Re-written, Revised,

and greatly Enlarged. Fcap. 8vo, 480 pp., leather. [ Jus¢ Published. 6/0

SUMMARY OF CONTENTS : SURVEYING AND LEVELLING. — WEBIGHTS AND
l(nASUluLs. MACHINERY AND BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING, —

EMBANKING.— GEOLOGICAL MEMORANDA.— SOILS.— MANURES.— CROPPING,— CROPS.—

ROTATIONS. —~ WEEDS.— FEEDING. — DAIRYING.— LIVE STOCK. — HORSES, — CATTLE. —
SHEEBP.—PIGS.—POULTRY, -—FORESTRY ~HORTICULTURE.—MISCELLANBOUS,

*No farmer, and 1 stud ought to be without this msultum-in-parvo
lnnnll of all mbjocu connected winx the farm." —Nortk British A'gmlmml
“ The is m t of the mtut is

CC 1€ arrangemen
Its pages, Thcy teem with information.". —;%B:u and Ham:O who takesa
THE ELEMENTS OF AGRICULTURAL GEOLOGY.
A Scientific Aid to Practical Farming. By menoss MCCONNELL, Author
of ‘ Note-Book of Agricultural Facts and Figures.” Royal 8vo, cl
L]ust Published. th 21/0

*On every page the work bears the imp ledge of the subject dealt
with, and we have nothing but unstinted praise to oﬂ'er e The Fuld.
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BRITISH DAIRYING.

A Handy Volume oa the Work of the Dairy-Farm. For the Use of Tad)niul
Instruction Classes, Students in Agricultural Colleges and the w“hnﬁdl
Farmer. By Prof. J. P. SugLpoN. With Illustrations. Second non,
Revised. Crown 8vo. cloth. (J lut Publnlud 2[6
* Confidently recommended as a useful text-book on dairy "
:l:oh-blyt best half-crown manual on dairy work that has yet bennpmdumd. —-North

"I:Cm.mmmmmwnnmnu-mm-mm"-m Times,

MILK, CHEESE, AND BUTTER.
A Practical Handbook on their Properties and the Processes oﬁ.heu- Produc-
tion. lndudm a Chapter on Cream and the Methods of its S from
Milk. ‘J'oml Ouvlu, late Principal of the Western Dairy Institute,
Berkeley. = With Coloured Plates and 200 Illustrations. Crown 8vo, c:loth_"6

and It may be
mo‘dﬂwm—h’ﬂﬂmj:{ rist.
“We mﬁ mnymhokhd&y-hmmd
students of dairying. Itisa acquisition to the library of the agriculturist, —Agvicnitwrel

SYSTEMATIC SMALL FARMING.
The Lessons of My Farm. Being an Introduction to Modern Farm
Pncum for Small Farmers. By R. Scorr Burmx, Anthor of *Outlines of
Modern Farming,” &c. Crown 8vo, cloth. . . . . 8/0

mhthommhookdhdmnhnmnd one vhlchonqunmw
will read with pleasure, and accept as a guide.”—Field.

OUTLINES OF MODERN FARMING.

By R. Scort BumrN. Soils, Manures, and Crops—Farming nnd l"anm
Economy—Cattle, Sheep, and Horses—Management of Daury, P
Poultry—Utilisation of Town-Sewage, Irrigation, &c. Sixth Edmon ln One
Vol,, 1,250 pp,, balf-bound, profusely Illustrated . . . . . 12/0

FARM ENGINEERING, The COMPLETE TEXT-BOOK of.

Comprising Drainin (‘Jud Embunkmg, lmganon and Water Su‘rgl R Farm
ouﬁ Fences and Gates ; F;

Field lmplements and Machmes Agnculmnl Surve g, &c. B Prolssor

Joun Scorr. In One Vol,, l.lso PP., half-bound, with over 600 I nm?‘t%

* Written ’gnntcu‘.uwalluwlthkno-hdpmdwllhy. The author has done his
work well ; we have found him a very trustworthy guide wherever we have tested his statements.
mvdumwmbootmnlmwagdcm students."—AMars Lane Express.

THE FIELDS OF GREAT BRITAIN.

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and
Art Department. Fot Elementary and Advanced Students. By Hucu
CLEMENTS (Bonrd of Tnde). Second Edmon, Revued, with Addm%

18mo, cloth
"l!llllongdmeslnce we Invamnbook chh hu plnud us mon.orwhlch contains
and useful fund of knowledge."—ELducational T

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS. SURVEYORS, LAND AGENTS,
AUCTIONEERS, &c.

With a New System of Farm Book-keeping. SIDNEY Francis. Fifth

Edition. 272 pp., waistcoat-pocket size, runp leal . 118

** Weighing less than 1 oz., and occupmeno more lgm thun a mtch box. it conulns amass
fore, in suc

o(hculn cnlcuhllonlwhlchhunm been obtainable. Every
is dealt with, Thaworkmybe ghlyucunu,thewholeol
the ubln luv'lng been revised by Dr. Fream. cotdhlly recommend it."—Bell's Weeki

Messenger.

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.
Part I. Stock. Part II. Crops. By C. J. R. Tiperr. Crown 8vo,
[Just ‘Published. 8/6
"V!ehlnn‘no dou!t!l’xut_i'n ywkwmhvdcomdbyahmclmdmwm
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FERTILISERS AND FEEDING STUFFS.
A Handbook for the Practical Farmer. By BErNARD DvEr, D. Sc (Lond)
With the Text of the Fertilisers and Feeding Stuffs Act of 189
Edition, Revised. Crown 8vo, cloth. Just Puz?l hed. 1/o

"Thk little book is precisely what it profusel to be—'A Handbook for the Practical
Dr. er has done fannﬂsg service in placing at their disposal so much useful
Inlonmdnn in so intelligible a form.”—Ze Tsmes.

BEES FOR PLEASURE AND PROFIT.
A Guide to the Manipulation of Bees, the Production of Honey, and the
General Management of the Apiary. By G. GORDON SamsoN. With
numerous Illustrations. Crown 8vo, wrapper . . . . . . 1/0

BOOK-KEBPING for FARMERS and ESTATE OWNERS.
A Practical Treatise, presenting, in Three Plans, a System ada ed for all
Classes of Farms. By JoHNsON M. WoonuAN, C ccountant.
Fourth Edition. Crown 8vo, cloth . . 2/

““The volume is a capital study of a most important lubject. -—Azmulmml G-:a&.

WOODMAN’'S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showin, c.he Income and

diture under each Department of Crops, Live St &c.
With Vn]ua.non, Profit and Loss Account, an Balance Sheet at t.he knd of the
Year. ggl-msox M. WoopmaN, Chartered Accountant. Second Edition.
Follo, . e . . + Nt 7/8

P * Contains every requisite form for keeplng farm accounu mdily and accurately.”—

THE FORCING GARDEN.
Or .How to Grow Early ans, Flowers and Vegetables. With Plans and

for , Pits and mees. With Illustrations.
By SamuerL Woop. trovm 8vo, cloth . . . . . .86
* A good book, containing a great deal of valuabl ing.” —Gard ' Mag

A PLAIN GUIDE TO GOOD GARDENING.
Or, How to Grow Vegetables, an.s, and Flowers. By S. Woop. Fourth
Edmon, with and ions. Crown
8vo, cloth . . . . 8/8
‘Avarygoodbook.mdoutobehlghlyrecommendodn-pneﬂcnlgulde. The practical

MULTUM-IN-PARVO GARDENING.

Or, How to Make One Acre of Land produce £620 a year, by the Cultivation
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses,
so as to realise £176 per annum clear Profit. By SamuEL Woon, Author of

¢ Good dening,” &c. Sixth Edition, Crown 8vo, sewed 1/0

‘““We are bound to recommend it as not only mlted to the case of uwamumlmdmde-
man'’s gardener, but to the market grower."—Gardeners’ Magasine.

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN.
And Amateur's Complete Guide. By S. Woop. Crown 8vo,cloth . 8/8
* Full of shrewd hints and useful instructions, based on a lifetime of experience.”—Scotsweasn.

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultivation and General Treument of the Potato.

By J. PiNnk. Crown 8vo . e . .. . 20
MARKET AND KITCHEN GARDENING.
By C. W. SHaw, late Editor of Gardening Illustvated. Cloth . . 38/68

* The most valuable compendium of kitchen and market-garden work published."==Farzer
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, &c.

INWOOD’S TABLES FOR PURCHASING ESTATES
AND POR THE VALUATION OF PROPERTIES,
Including Advowsons, Assurance Pohuu. Copyholds Defened Annuities,
Fteeholds, Ground

T Renu,R e,/ k SLnfe lnt;nsts,
erpetuities, enewals eversi inking Funds,
z6(h Edition, Revised and Ext Wo::'.xu SCHOOLING,

F. li.A S., with Logarithms of Natural Nomae THOMAN's Logarithmic
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth.
(/ust Publisked. Net 8/0
“Thulhtu‘.dhth.pmcmndnhdmndh(hld mdw
cases, as well as life &x., will the present edition of
-ﬂnm mvico. ngoo
“ This valuable k has beon conﬁdenbly euhnred and improved by the labours of
Mr. Schoonng and is now very indeed.”™

* Altogether this edition will prove ol’ extreme value to many r.l.lsses of professional men in
saving them many long and tedious calculations.” —/nvestors’ Review.

THE APPRAlSER, AUCTIONEER, BROKER, HOUSE
ND ESTATE AGENT AND VALUER'S POCKET ASSISTANT.
Fotlheanuuon forPnrchue,Sale, or Renewal of Leases, Annuities, and
Reversions, and of Property lEci with Prices for Inventories, &c. By
OHN WHEELER, Valuer, &c. Sixth Kdition, Re-written and greudy Extended
C. Nornris, Surveyor, Valuer, &c. Roy:l 32mo, clolh . . 8/0
"Anmmdcondubookol fe -urlnq_adl.istof

and a vei ine unnlueof
.- Conldmnhm quunr&y ol’vuhsumd useful information as to the valnnlm for pulch.-,
sale, or renewal of leases, prices for
hvnxorhs:ndammmmmdhmﬁdmmdmdm'—ﬂw

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

AMlnulof lnm'ncuon andComuelfor the Young Auctioneer. By Ronxrr
SqQ non, Revised an pnnlyRe written. ‘
svo,clod: . .12
* The standard text. bookmtb.bﬂadwhlchkm—dm

‘"‘I‘Mworkhmglgmclluc character, and gives much information in a com-

and
*“May be recommended as vlnz. deal of information on the law relating to
h ’lnnry "i owrnal,

a dable form."—Law
* Aucti ving so pleasing a writer to minister to their special
needs.’ —Solidnn‘m

THE AGRICULTURAL VALUER’S ASSISTANT.

A Practical Handbook on the Valuation of Landed E_statu, including
Example of a Detailed Report on M and Real ; Forms of
Valuations of Tenant Right; Lists of Local Agricultural Customs Scales of
Compensation under the Agricultural Holdings Act and a Brief Treatise on
Compensation under the Lands Clauses Acts, ﬁy Tom BRIGHT, Agricul-
tural Valuer. Author of ‘‘The Agncullural Surveyo: and Estate Agent's
Handbook.”  Fourth Edition, with Appendix containing a Digest of the
Agricultural Holdings Acts, 1883 and 1goo. Crown 8vo, cloth.
Uw-t Published. Net 8/0
* Full of tables and in tion with the valuation of tenant-right, estates, labour,

mmuand ts of timber, mdﬁm uce of all kinds."—4, yal ette.
“An bkt mdo ] tables denmf undoubted interest and
value to yors and aucti in ng of all kinds."—Faymer.

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimating the Cost of Forming, Renovating,
Improving, and Grubbing Planmuons md Underwoods, !helt Valuation fot

of Tnnsfer, Renul, Sale By Tom B T. Crown
8vo, cloth . . . . . 8/8
“To valuers, fomnndwuulltwﬂlbelwdcomli "—NomB Agviculturist.

** Well calculated to assist the valuer in the discharge of his dut mdofundoubeadlnm
and use both to yors and in preparing valuations of all "Kenst Herald,
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S
HANDBOOK.

Of Practical Rules, Formule, Tables, and Data. A Comprehensive Manual
for the Use of Surveyors, Agents, Landowners, and others interested in the
Equip the Manag , or the Valuation of Landed Estates. By
Tom BRIGHT, Agricultural Surve&gr and Valuer, Author of ‘‘ The Agn-
cultural Valuer's Assistant,” &c. ith Illustrations.  Fcap. 8vo, Leather.
[Just Published. Net T/6
* An exceedingly useful book, the contents of which are admirably chosen. The classes for
whom the work is i ded will find it ient to have this p ive handbook ibl
for reference.”—Lsve Stock Fournal.
*“ It is a singularly and well inf d dium of the facts and figures likely to
be required in estate work, and is certain to prove of much service to those to whom it is
addressed.”—Scotsman.

THE LAND VALUER’S BEST ASSISTANT.

Being Tables on a very much Improved Plan, for Calculating_the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary
Acres to Statute Measure, &c. By R. HupsonN, C.E. New Edition.
Royal 32mo, leather, elastic band . . . . L. . 4/0
*Of incalculable value to the country gentleman and professional man. —Farmers Fournal,

THE LAND IMPROVER’S POCKET-BOOK.
Comprising Formulz, Tables, and Memoranda re%uired in any Computation
relating to the Permanent Improvement of Landed Property. By JouN EwART,
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . (o]
* A compendious and handy little volume."—Spectator,

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather . . ' . 78

HANDBOOK OF HOUSE PROPERTY.

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures :
with Examples of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By E. L. TARBUCK, Architect and Surveyor.
Sixth Edition. 12mo, cloth . . . . . . . . . 8/0
“The advice is thoroughly practical.”"—Law Foumal.
“ For all who have d gs with house property, this is an indis ble guide."—Decoration.
*¢ Carefully brought up to date, and much improved by the addition of a division on Fine Art.
A well-written and thoughtful work."—Land Agent's Record.

LAW AND MISCELLANEOUS.

MODERN JOURNALISM. )
A Handbook of Instruction and Counsel for the Young Journalist. By Joun
B. Mackig, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0
* This invaluable guide to is a work which all aspirants to a journalistic career will
read with advantage,"— Fournalist,

HANDBOOK FOR SOLICITORS AND ENGINEERS

Engaged in Promoting Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramwax{s, Gas_and Water Works, &c.
ﬁy L. LIVINGSTONE MacassEy, of the Middle Temple, Barrister-at-Law,

. Inst. C.E. 8vo, cloth . . . . . . . . . £1 Bs.

PATENTS for INVENTIONS, HOW to PROCURE THEM.
Compiled for the Use of Inventors, Patentees and others. By G. G. M.
HARDINGHAM, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . . 1/8

CONCILIATION & ARBITRATION in LABOUR DISPUTES.

A Historical Sketch and Brief Statement of the Present Position of the
Question at Home and Abroad. By J. S. JEANs, Author of ‘‘ England’s
Supremacy. &c.” Crown 8vo, 200 pp., cloth . N .
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EVERY MAN’S OWN LAWYER.

A Handy-Book of the Principles of Law and Equi With a Concise
Dictionary of Legal Terms. By A BaRRISTER. my-mnth Edition,
carefully Re\nsed and including New Acts of Parliament of 1gor. Com-
prising the Yntﬁ/ul Offenders Act, 1901; the Larcemy Act, 1901; the
Intoxicating Liguors Act, 19or; the Factorycud Workshop Act 1901, and
other enactments of the year. jndml Decisions during the year have also
been duly noted. Crown 8vo, 800 pp., strongly bound in

Unst Published. e/8

** This Standard Worbo_/llg/m forms o CourLETE EPITOME OF THE
Laws oF ENGLAND, comprising (amongst other matter):

THR RIGHTS AND WRONGS OF INDIVIDUALS—LANDLORD AND TENANT-!

COUNCILS—MUNICIPAL CORPORATIONS—LIBRL AND SLANDER~PUBLIC HEALTH AND
NUISANCES—COPYRIGHT, PATENTS, TRADE MARKS—HUSBAND AND WIFB—DIVORCE—
NFANCY—CUSTODY OF CHILDREN—TRUSTEES AND EXBCUTORS—CLERGY, CHURCH-
WARDENS, &C.—GAME LAWS AND SPORTING—INNKBEPERS—HORSES AND DOGS—TAXES
AND DEATH DUTIZS—FORMS OF AGRREMENTS, WILLS, CODICILS, NOTICES, &C.

(3 mmvu»ﬂunmmwmanmmsm
law ; and theredy to di as fay as with p nd advice. There
are many and gricvances whick :mn‘ndtuﬁmﬁmbdsmwh

m

Anowing Aew or rods 'Id 5’” have as gveat a dyead
lawyer's mauv-kn:& g m: ot han: o gom"u Slx-AgD-
EIGHTPENCE ma Jhnnd mﬂm«l lu;, ah! reclaimed ; many a law
ooy o adi lassts; and has aise mads o m‘”" R e AT R ks
-4" Srom law Hbraries, who are glad to hawe at hand a work

"'; vocent di and
OPINIONS OF THR Prxss.

“Itisa p code of Eaglish Law written in plain language, which all can understand.
Woed s;mummmammmmam-um.muwm bills, "=
“ A useful and concise eph of thelaw, fled with iderabk "—Law M
"Acomphtedlqnoﬂhcmocudﬂhcuwhkheonﬁtm.l!ngﬁshhv "—Globe.
“This i done, admi nged, and

cheap."—Lecds Mercury.

** A concise, cheap, and complete epitome of the English law. So plainly written that he who
runs may read, and he who reads may understand.”—Figsere,

** A dictionary of legal facts well put together. The book is a very useful one."—Spectssor.

THE PAWNBROKER’S, FACTOR’S, AND MERCHANT’S
GUIDE TO THE LAW OF LOANS AND PLEDGQES.
VLV‘:‘t'h %el Smnteo and a Digest of Cases. By H. C. FoLKARD, Bmisteé-laa

LABOUR CONTRACTS.

A Popular Handbook on the Law of Contracts for Works and Services. By
Davip Gissons. Fourth Edition, with Appendu of Statutes by T. F. UtTLEY,
Solicitor. Fcap. 8vo, cloth P « . .« .+ . . 88

SUMMARY OF THE FACTORY AND WORKSHOP ACTS

(1878-1891). For the Use of Manufacturers and Managers. By EaLe
Garcke and J. M. FeLis. (Reprinted from ‘ FACTORY ACCOUNTS."”)
Crown 8vo, sewed . . . . f B . . . f . Bb.

BRADBURY, AGNEW, & co. LD., PRINTERS, LONDON AND TONBRIDGE.
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2  WEALE'S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.
Civil Engineering.

By Henry LAW, M.Inst.C.E. Including a Treatise on HyDpRAULIC

ENGINEERING by G. R. Bulmnu., M.1.C. Seventh Edition, revised,

with LarGe Appitions by D. K. CLaArk, MICE. . . . 6/6
Pioneer Engineering:

A Treatise on the l-.ngmeermg Operations connected with the Settlement of

Waste Lands in New Countries. By EDWARD Doason, M.InsT.C.E.

With numerous Plates. Second Edition . . . . 4/6
Iron Bridges of Moderate Span:

‘Their Construction and Erection. By HaMiLToN W. PENDRED. Wuh 40

Illustrations . . . 2/
Iron and Steel Brid‘u and Yiaduot-.

A Practical Treatise upon their Construction for the use of Engineers,

Blraughhmen and S(udents. By Francis CAMPIN, C E. With numerous

ustrations . ..

Constructional lron a.nd Stool Work
As applied to Pubhc, annte, and Domesuc Bulldmgs By Francis
Cawmrin, C. . . . 3/6
Tubular and oth.r Iron Glrdor Brid‘u.
Describing the Britannia and Conway Tubular Bndges. By G DRVSDM E
Dgewmrsgy, C.E.  Fourth Edition 2/0
Materials and Construction:

A Theoretical and Practical Treatise on the Strains, DesuEmng, and Erec-
tion of Works of Construction. By Francis Camein, C. 3/0

Sanitary Work in the Smaller Towns and in Yilla.ge-.
By CHARLES SLAGG, Assoc. M.Inst.C.E. Third Edition .

Roads and Streets (The Construction of).
In Two Parts: I. Tue ArRT or CoNSTRUCTING CoMMON Roaps, by H.
Law, C.E., Revised by D. K. CLark, C.E.; Il. ReceNT PrACTICE: In-
cludmg Pavements of Wood, Asphalte, &c. By D. K. Caxx, C.E. 4/6
Gas Works (The Construction of),
And the Manufacture and Distribution of Coal Gas. By S. HUGHES, C.E.
Re-written by WiLLiam Ricuarps, C.E. Eighth Edition
Water Works
For the Supply of Cities and Towns. Witha Description of the Principal
Geological Kormations of Eniand as influencing Supplies of Water v
Samuer Huagues, F.G.S., C Enlarged Edition . .
The Power of Water,
As applied to drive F| lour Mills, and to give motion to Turbines and other
Hydrostatic Enginss. By Josuu GLYNN, F.R.S. New Edition . 2/0
Woells and Well-8inking.
By Jou~ Geo. SwinpeLt, A.R.LB.A,,and G. R. BurngLL, C.E. Revied
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0
The Draina.ge of Lands, Towns, and Buildings.
D. Demrsey, C.E. Revised, with large Additions on Recent
Pracuce, by D. K. CLark, M.1.C.E. "Third Edition . . . 4/6
The Blasting and Quarrying of Stone,
For Building and other Purposes. With Remarks on the Blowing up of
Bridges. By Gen. Sir J. Burcovng, K.C.B. . . . . 16
Foundations and Concrete Works.
With Pructical Remarks on Foolmgs, Plankmz Sand, Concrete, Béton,

Pile-driving, Caissons, and Coff By E. Donsou, M RI B.A
Eighth Edition . . . . . . . 1[6
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Pneumadtios,
Including A and the Ph of Wind Currents, for the Use of
Beginners. By CHARLES TomLinsoNn, F.R.S. Fourth Edition . 1/6
Land and Engineering Surveying.
For Students and Practical Use. ByT BAKER, C.E. Eighteenth Edition,
Revised and Extended by F. E. DixoN, A.M. Inst, C.E., Professional Asso-
ciate of the Institution of Surveyors. Wn.h numerous 1llustrations and two
Lithographic Plates . . Just published 22|10
Mensuration and Measuring.
For Students and Practical Use. ith the Mensuration and Levelling of
Land for the purposes of Modern Engmeenng. By T. BAKER, C.E. ew
Edition by E. NugenT, C.E. . . . .« 16

MINING AND METALLURGY.
Mining Calculations,

For the use of Students Preparing for the Examinations for Colliery
Managers' Certificates, comprising numerous Rules and Examples in
Arithmetic, Algebra, and Mensuration. By T. A, O’'DonNanve, M.E.,

First-Class Certificated Colliery Manager. [ Just ;u&[ulmi 3/6
Mineralogy,

Rudiments of. By A. Ramsav, F.G.S. Fourth Edition, revised and

enlarged. Woodcuts and Plates. . . . . . . . 3/6

Coal and Coal Mining,

A Rudimentary Treatise on. the late Sir WaringGTON W. SMmYTH,
F.R.S. Eighth Edition, revised gy 1. FORSTER BROWN . . . 6

Metallurgy of Iron.

Containing Methods of Assay, Anal s of Iron Ores, Processes of Manu-
facture of Iron and Steel, &c. . BAUERMAN, F. G.S. With numerous
Tllustrations. Sixth l‘.dmon, revnsed and enlarged .

The Mineral Surveyor and Yaluer's Oomplete Guide.
By W. LinTERN. Fourth Edition, with an Appcndlx on Magnetic and
Angular Surveying . 16

Slate and Slate Qua.rrying
Scientific, Practical, and Commercial. By D. C. Davigs, F.G.S. With
numerous lllustrahons and Folding Plates. Fourth Edition . . /10

A First Book of Mining and Quarrying,

With the Sciences connected therewith, for Primary Schools and Self In-
struction. By J. H. CoLuins, F.G.S. Second Edition . . . 16

Subterraneous Surveying,

With and without the Magnetic Needle. By T. FENwick and T. BAK!I:é,

C.E. [Illustrated . . . . . . . . . . .
Mining Tools.

Manual of. By WiLLiAM MORGANS, Lecturer on Practical Mining at_the

Bristol School of Mines . . . . . . . . . 16
Mining Tools, Atlas

Of Engravings to Illustrate the above, contammg 235 Illus(rnuons of Mining

Tools, drawn to Scale. 4to . . . . . 4/6
Physical Geology,

Partly based on Major-Genernl PorTLOCK’S * Rudiments of Geology.”

By RavLpa TATE, A.L.S., &. Woodcuts. . . . .. 10
Historical Geology,

Partly based on Major-General PorTLOCK'S ‘‘ Rudiments.” By RavLpu

TATE, A.L.S., &c. Woodcuts . . . . . . . 2/6
Geology, Physical and Historical.

Consisting of *‘ Physical Geology,” which sets forth the Leading Principles

of the Science; and ** Historical Geology,” which treats of the Minecral

and Organic Conditions of the Earth at each successive epoch. By Ravcpu

Tate, F.G.S. . . . . . . . . . . . 4
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MECHANICAL ENGINEERING.
The Woerkman’'s Manual of Engineering Drawing.

By Jonn Maxron, Instructor in Engiueering Drawing, Royal Naval
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6
Fuels: Bolid, Liquid, and Gaseous.
Thenr Anal and Valuation. For the Use of Chemists and Engineers.
Ir‘l.u.lrs. F.C.S., formerl “¥ Analytical m‘d Consulting Chemist
tolhe mt Eastern Rail \ny Third Edition . . . /
Fuel, Its Combustion and Economy.
Consisting of an Abridgment of *‘ A Treatise on the Combustion of Coal and
the Prevention of Smoke.” By C. W. WiLLiams, A.L.C.E. With Exten-
sive Additions by D. K Cuux, M.Inst.C.E. Fourth Edition . 3/6
The Boilermaker’s t
In Drawing, Templating, and Calculating Boiler Work, &c. Byl?! Couwr-
Nev, Practical ilermaker. Edited by D. K. Cunx,
The Boiler-Maker's Ready Rec oner,

With Examples of Practical G and T for the Use of
Platers, Smiths, and Riveters. By Jonn Couuunv. " Edited by . K.
Cramk, M.1. C.% Fourth Edition .

2.0 The last trwo Works in One Volume, Mll-bomnd, uhfhd “THI BOII.II-
MAKER'S READV-RECKONER AND AsSISTANT.” By J. CourRTNEY and
D. K. CLark. Price T/0.
Steam Bollers:
Their Construction and Management. By R. ArMsTRONG, C.E. lllustr'n/ead

Steam and Machinery Huu.gcment.

A Guide to the Ar g of Machinery.

By M. Powis BaLk, M. lnuM |-. e h e e . . . 28
Steam and the Steam Engine,

Statio and Portable. Being an Extension of the Treatise on the Steam
Th Englnn“?l\lr J SEWELL. By‘D K. Crark, C.K. Fourth Edition 3/6

e @,

A Tmlue on ( e Mathematical Theory of, \mh Rules and Examples for

Practical Men. By T. Baker, C.E. . . . . . 1/6
The Steam Engine.

By Dr. LARDNER. Illustrated . e« e e« e« < 18
Locomotive Engines,

By G. D. Demesrv, C.E. With large Additions treating of the Modern

Locomotive, by D. K. CLARk, M.Inst.C.E. . . . . 0
Locomotive hn‘ino-l)rivin‘

A Practical Manual for Engineers in charge of Locomotive Engines. B:

MicHARL Rz\moms. Tenth Edition. 3s. 6d. limp ; cloth boards . 4/é
stationu'y ngine-Driving.

A Practical Manual for Engineers in charge of Stationary Engines. Bé

MicHaRL RevNorps. Sixth Edition. 3s. 64. limp ; cloth

The Smithy and Forge.
Including the Farrier's Art and Coach Smithing. Byw J. E. CRANE.
6

Fourth Edition . o .
Modern Workshop Practice,
A: lpphed to Marine, Land, nnd Locomotive Engines, Floatiniv'Docks,
%:ngd Machines, Bridges, Slup-buxldmg. &c. By INTON.
Foun mon Ilustrated . . . . e .
Mechanical B ¢inoerln¢
Com nsmg Metallurgy, Moulding, Casting, Forging, Tools, Workshop
Mnc me Mechani Mampulatlon. Manufacture of the Steam Engine,
ANCIS CANPIN, C.E. Third Edition . = . .
Details ot'

Comprising !nslructlom for the Execution of various Works in Iron in the
Fitting-Shop, Foundry, and Boiler-Yard. By Francis Camrin, C.E. 3/0



WEALE'S SCIENTIFIC AND TECHNICAL SERIES, 5

Elementary Engineering:
A Manual for Young Marine Engineers and Apprentices. In the Form of
uestions and Answers on Metals, Alloys, S(reng(h of Materials, &c.
y ins BREWER. Fourth Edition . . 6
Power Motion:
Horse-power Motion, Toothed-Wheel Gearing, Long and Short Drivin,
Band:, Angular Forces, &c. By James ArRMmoug, C.E. Third Edition 2/8
Iron and Heat,
Exhibiting the Principles concerned in the Constructnon of lron Beams,
Pillars, and Girders. By J. ARMOUR, C.E. .. 2/6
Practical Mecha.nlsm,
And Machine Tools. By T. Bu{zn, C. E With Remarks on Tools and
Machinery, by J. NasmyTs, C.E. . e . 2/6
Mechanics:
Being a concise Exposition of the General Principles of Mechanical Sci y
and their Applications. By CHARLES I‘ouLleoN, F.R.S. . . 1/6
Cranes (The Gonstruction of),
And other Machinery for Raising Heavy Bodies for the Erection of Build-
ings, &c. By Joseru GLYNN, l§ e e e e e (3

NAVIGATION, SHIPBUILDING, ETC.
The Bailor’'s Sea Book:

A Rudimentary Treatise on Navigation. By James Greenwoop, B.A.

With numerous Woodcuts and Coloured Plates. New nnd enla.rged

Edition. By W. H. Rosser . . . e 2/6
Practical Navigation.

Consisting of THE SAILOR’s SeA-Book, by James Greenwoop and W. H.

ROSSER ; to;zelher with Mathemaucal aud Nautical T'ables for the Workin,

of the Problems, by HENRY Law, , and Prof. J. R. Young. 5
Navigation and ﬁautical kstronomy,

In Theory and Practice. By Prof. J. R. YounNc. New Edition. 2/6
Mathematical Tables,

For Trig rical, Astr ical, and Nautical Calculations ; to which is

refixed a Treatise on Logarithms. By H. LAw, C.E. Togelher wuh a

genes of Tables for Navigation and N: 1 Ast y. By P

R. YOUNG. New Edition .
Masting, Mast-Making, and Ri‘gin‘ of Ships.

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ro

&c., relative to every class of vessels. By RoBeRrT Ki1pring, N.A. . /
Bails and Sail- Making.

With Dmughtmg, and the Centre of Effort of the Sails. By RoBERT

KiprInG, N.A. P /16
Marine Engines a.nd Bten.m Yessell.

By R. Murray, C.E. Eighth Edition, thoroughly revzsed with Addi-

tions by the Author and by GRorRGE CakLisLg, C.E. . 4/6
Naval Architecture:

An Exposition of Elementary Principles. By JAMEs PRAkE . . 3/6
Ships for Ocean and River Service,

Principles of the Construction of. By Hakon A. SOMMERFELDT . 1/6
Atlas of Engravings

To Illustrate the above. l‘welve large folding Plates. Royal 4to, cloth 7/6
The Forms of S8hi !3)- and Boats.

ll?lvod“lrs BLAND inth Edmon, with numerous [llustrations |a;ld

els . . . . . . .
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ARCHITECTURE AND THE

BUILDING ARTS.
Constructional Iron and Steel Work,
As applied to Pubhc, ane,and Damuuc Buﬂdmgs. By Fuuccrs

Camrin, C.E. . . 3/6
Building Estates:

AT he Develop Sal Pnrduse.andlhna;mt fB'Id-

ing E‘:oﬁy‘r’ MAITM::t"l‘h:d . ° “IO
The Science of Building :

An Elementary Treatise on the Principles of Constrncuon. By E. Wnn)-

HAM Tarn, M.A. Lond. Fourth Edition . . . . 3/6
The Art of Building:

General Principles of Construction, Strength, and Use of Materials, Workin

Drawings, Specifications, &. By Epwarp Dosson, M.R.I.LB.A. . 2/
A Book on Building,

Civil and Ecclesiastical. By Sir Enuunn B:c:rrr, Q C. (Lord GRIM-

THORPE). Second Edition . . . 4/6
Dwelling-Houses (The Erection of),

Tllustrated by a Perspective View, Plans, and Sections of a Pair of Villas, with

Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6
Cottage Building.

By C. Brucr ALLEN, Eleventh Edition, with Chaptu'cn Econounc Cot-

tages for Allotments, by E. E. ArLxn, C.E. 2/0

Acoustics in Relation to Architecture u.nd Bmlding
‘The Laws of Sound as applied to the Arr of B y Pro-
fessor T. Rogrr SmiTh, F.R.1.B.A, New | Edition, Revised . 1/6

The Rudiments of Practical Bricklaying.

General Principles of Bnckhymg Arch Drawing, Cutung, and Setting ;
Pointing ; Paving, Tiling, &c. By Apam Hammonp. With 68 Woodcuts

1/6
The Art of Practical Brick Cutting and Betting
By Apam Hamuonp. With go Engravings .

Brickwork :
A Pncucnl Treatise, embodying the General and Higher Principles of
Bricklaying, Cumng and Setting ; wuh the Apphmuon of Geometry to Roof
Tiling, &c. By F. WALKER . .
Bricks and Tiles,
Rudimentary Treatise on the Manufacture of ; containing an Outline of the
Principles of Brickmaking. By E. DonsoN, M R.I.B A. Additions b
C. Tomrinson, F.R.S. Nustrated . . . 3/8
The Practical Brick and Tile Book.
Comprising: Brick aAND TiLe MakinG, by E. Dosson, M.INsT.C.E.;
Practical BricKLAYING, by A, HAMMOND ; BRICK-CUTTING AND SETTING,
by A. HAMMOAND. sso pp. with 270 Illustratious, half-bound . .
Carpentry and Joinery—
THE!,I‘!.FMENTARV PriNc1rLES OF CARPENTRY. Chiefly composed from the
Standard Work of THomas TrepGoLD, C.E. With Additions,and TREATISE
ON JOINERY, by E. W, TArN, M. A. Seventh Edition

Carpentry and Joinery—Atlas

Of 35 Plates to accompany and Illustmte che foregomg book. With
Descriptive Letterpress. 4to . . 6/0
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A Practical Treatise on Handrailing;
Showing New and Simple Methods. By Geo. CoLLINGS. Second Editi
Revised, including a TREATISE ON STAIRBUILDING. With Plates . 2/

Circular Work in Carpentry and Joinery.
A Practical Treatise on Circular Work of Single and Double Curvature.
By GeorGE CoLLINGS, Third Edition . . . . . . 2/8
Roof Carpentry:
Practical Les:){s in the Framing of Wood Roofs. For the Use of Workil
Carpenters. By Geo. CoLLINGS . e e e 2 e 2;3

The Construction of Roofs of Wood and Iron;
Deduced chiefly from the Works of Robison, Tredgold, and Humber. B:
E. WynpHaM TARN, M.A., Architect. Third Edition . IIJ

The Joints Made and Used by Builders.
By WyviLL J. CHRisTY, Architect. With 160 Woodcuts . .« 30

Shoring
And its Application: A Handbook for the Use of Students. By Gzorcm
H. BLaGrove. With 31 Illustrations . . e . . 18

The Timber Importer’s, Timber Merchant’s, and
Builder's Standard Guide.
ByR_E.Granoy . . . . . .+ . +« .+ . 20

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation, By WM. PAToN Buchax.
Eighth Edition, Re-written and Enlarged, with soo Illustrations . 3/6

Yentilation:
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P.
BucHAN, R.P., Author of * Plumbing,” &c. With 170 Illustrations 3/6

The Practical Plasterer:
A Compendium of Plain and Ornamental Flaster Work. By W. Kemp 2/0

House Painting, Graining, Marbling, & S8ign Writing.
With a Course of Elementary Drawing, and a Collection of Useful Recei
By Ecris A. Davipson. Eighth Edition. Coloured Plates . .

** The above, in cloth boards, strongly bound, 6/0Q

A Grammar of Colouring,
Applied to Decorative Painting and the Arts. By Georce FizLp. New
Edition, enlarged, by ELLis A. DavipsoN. With Coloured Plates . 3/0

Elementary Decoration
Asapplied to Dwelling Houses, &c. By JAMEs W, Facev. Illustrated 22/0

Practical House Decoration.
A Guide to the Art of Ornamental Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By Jauges W. FAé-Y,e

% The last two Works in One handsome Vol., kalf-bound, entitled ** Housx
DECORATION, ELEMENTARY AND PRACTICAL,” price §/0.

Portland Cement for Users.
By HeNRv Farja, A.M.Inst.C.E. Third Edition, Corrected . . 210
Limes, Cements, Mortars, Concretes, Mastics, Plas-

tering, &c.
By G. R. Burnzrt C.E. Fifteenth Edition . . . . . 1/6
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Masonry and 8tono-0uttln¢
The Principles of Masonic Projection and theu' npphauon to Conslmcuon
By Epwazp Dosson, M. R.lt. . 2/6

lrohu, Phrl, Buttresses, &c.
mental Essays on the Principles of Construction. By W. Bu;nlg

thltlu and Measurements,
In Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paperhangers’,
Gilders’, Smiths’, C‘rpenten and Joiners’ Worl:. By A. C. BeatoNn 1/6

The Complete Measurer:
Setting forth the Measurement of Boud.s, Glus, T'unber nnd Stone. By R.
HorTon. Sixth Edition . . . 4/0

*2t The above, stromgly bound in lcdhr, pna 5/0

Light:
duction to the S of Optics. Designed for the Use of Students
o( Archnecmn, Engineering, and other Applied Sciences. By E. WynD-
HAM TarN, M.A., Author ol ' 4The Science of Building,” &c. . . 1/6

Hints to Young Architects.

By GmorGe WIGHTWICK, Architect. Sixth Edition, revised and enhrged
by G. HuskissoN GuILLAUME, Architect . o e . 3/6

Architecture—Orders:
The Orders and their Asthetic Principles. By W, H. Lzeps. lllm&mite;é
Architecture—Styles:

The History and Description of the Styles of Architecture of Various
Countries, from the Earliest to the Present Penod By '1 'lu.no‘r Bury,
F.RLBA. llustrated . . 2/0

*.* ORDERS AND STYLES OF Ancmr:c-ruu, in One Vol.. 3/6.

Architecture—Design :

The Principles of Design in Architecture, as deducible from Nature and
exemplified in the Works of the Greek and Gothic Archnects. By Epw.
. Il

LAcY GARBETT, Architect. Illustrated 2/6
2 The three preceding Works in One Aandsome Val Ml/ bund enm‘lcd
 MODERN ARCHITECTURE," grice 6/0.
Perspective for Beginners.

Adn ted to Young Stud and A in Architecture, Painting, &c.

EORGE PYNE . . . . . . . . . . 2/0
lrchitectum.l Modelling in Paper.

By T. A. Ricnarpson. With Illustrations, engraved by O. Jewitr 1/6

Glass Staining, and the Art of Painting on Glass.
From the German of Dr. GEssERT and EMANUEL OTTO FROMBERG. With
an Appendix on THE ART oF ENAMELLING . . . . . 2/6
Yitruvius—The Architecture of.

In Ten Books. Translated from the Latm by JOSBPH GWILT, F.S.A.,
F.R.A.S. With 23 Plates . . . . 86/0

N.B.—This is the only Edition of Vrrnuvws ﬁxurdlz at a modzmu price.

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Progress of the Art in Greece. By the EAgL oF ABERDEEN 1/0
** The two trecedm; Works in One handsome Vol., half bound, entitled
““ ANCIENT ARCHITECTURE,"” grice 6/0




WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 9

INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums. .
A Guide to the Manufacture and Appli of Aggluti With goo
Recipes and Formulz. By H. C. STANDAGE . . . . . 2/0

Clocks and Watches, and Bells,
A Rudimentary Treatise on. By Sir Epmunp Bxcxm, QC. (Lord

GRIMTHORPR). Seventh Edition.” . . . .
Blectro-Metallurgy,
Pracuully Treated. By ALEXANDER WATT. Tenth Edition, enlarged
d revised including the most Recent Processes . . . . /16

The Gold-mith s Handbook.
Containing full Instructions in the Art of Alloying, Melting, Reducing,
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamelt,
&c., &c. By GeorGe E. Gee. Fifth Edition . . . 3/0
The Silversmith’s Handbook,
On the same plan as the GoLpsmiTH's HaxpBook. By G. E. Ger. 3/0
*«* The last two Works, in One handsome Vol., Iul/-bmmd T/0.
The Ha.ll-la.rking of Jewellery.
Comprising an account of all the different Assay Towns of the United
Kingdom; with the Stamps and Laws relating to the Standards a.nd Hall
Marks at the various Assay Offices. By GeorGe E. GEE . 3/0
French Polishing and Enamelling.
A Practical Work of Instruction, including numerous Recipes for makin
Pohshes, Varnishes, Glaze-Lacquers, &c. By R. BITMEAD ‘IIé
Practical Organ Building.
W. E. DicksoN, M.A. Second Edition, Revised, with Additions 2/6
Oomh-ﬁuil ding:
A Practical Treatise. By JAMnsW BurGess. With s7 Illustrations 22/6
The Cabinet-Maker’'s Guide
‘To the Entire Con-truction of Cabinet. Work. By R. BiTMEAD . 2/6
The Brass Founder’s Manual:
Instructions for Modelling, Pattern Makmg, &c. By W. Granam . 2/0
The Sheet-Metal Worker's Guide.
A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with
iagrams. By W. J. E. CRANE. Third Edition, revised . . 1/6
Bowing ac 1nery
Its Construction, History, &c. With full Techmcal Di rections for Ad£1/56

, &c. ByJ W. UrQuHARrT, C.E. .
Gas !‘ ttin
APracnmlHandbook. By Joun BLack: New Edition . . 2/6

Construction of Door Logcks.
From the Papers of A. C. Hosss. Edited by C. TomLinson, F.R.S. 2/6
The Model Locomotive Engineer, Fireman, and
EBEngine-Boy.
By MicHAEL REYNOLDS . . . . . . . . 36
The Art of Letter Painting made Easy.
By J. G. BavEnocH. With 12 full-page Engravings of Examples . 1/6
The lrt of Boot and Shoemaking.
Including Measurement, Last-fitting, Cutting-out, Closing and Making. B
Joun Buprokrp LENo. With numerous Illustrations. Fourth Edition 2/6
Mechanical Dentistry:
A Practical Treatise on the Construction of the Various Kinds of Artificial
Dentures. By CHARLES HunTer. Fourth Edition . . . 10
Wood Engraving:
A Practical and Easy Introduction to the Art. By W. N. BRown . 1/9
Laundry Management.
andbook for Use in Private and Public Laundries . . . 2/0
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AGRICULTURE, GARDENING, ETC.

Draining and Embankin,
A-Practical Treatise. By Prof. onu ScorT. With 68 Illustrations 1/6
lrrl‘stlon and Water Bv:rply.
A Practical Treatise on Water Meadows, Sewage 1 oanarpmg, &c.;

on the Construction of Wells, Ponds, Reservom. om«
Scort. With 34 Illustrations 1/8

Farm Roads, Fenoces, and Gstu
A Practical Treatise on the Roads, Tramways, and Waterways of the
Farm; the Principles of Enclosures; and the different kinds of Fences,
Gates, and Stiles. By Prof. Joun Scort. With 75 Illustrations . 1/8
Farm Bnﬂdlngs :
A Practical Treatise on the Buildings necessary for various kinds of Farms,
their Arrang and Constr with Phns and Esumtu. By Prof.
Joun Scorr. With 105 Illustrations. . . 2/0
Barn Implements and Machines:
Treating of the Application of Power and Machines used in the Threshing-
barn, Stockyard, , &c. By Prof. J. Scort. With 123 lllustnnzo;na

Fileld lmgﬂm ements and Machines:
With iples and Details of Construction and Points of Excellence, their
Management, &c. By Prof. foun Scort. With 138 Illustrations 22/0
KAgricultural Surveying:
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions
for Valuing Estates. By ‘ro’ J. Scort. With 62 llustrations . 1/6
Farm Engineering.
By Professor Joun ScorT. Comprising the above Seven Volnmes in One,
1,150 pages, and over 6oo Illustrations. Hazlf-bound . . 12/0
Outlines of Farm Management.
Treating of the General Work of the l"arm. Stocl: Contnct Work
Labour, &. By R. Scorr Burn 2/

Outlines of Landed Hstates Manqcmont.
Treating of the Varieties of Lands, Methods of Farming, Setting-out of
Farms, Roads, Fences, Gates, Drainage, &c. By R. ScoTT Burn. 2/
*.0 The above Two Vols. in One, handsomely half-bound, price 6/0
Soils, Manures, and Crops.
(Vol. 1. OuTLINES OF MODERN FARMING.) ByR ScortT Burn . 2/0
Farming and Farming Economy.
(Vol. I1. OuTLINES Or MoDERN FARMING.) By R. Scorr Burn 3/0
Stock O&ttlo. Sheep, and Horses.
II1. OuTLINES OF MODERN memc) By R. ScorT Burx 2/6
Ddry Pl%s and Poultry.
,Ou'n.mxs or Mol;{m« FaruinGg.) By R. Scort Burn 2/0
Utilization of Sewage, Irrigation, and Reclamation
of Waste Land.
(Vol. V. OuTLINES OF MODERN Fummc) By R. Scort Burn . 2/6
Outlines of Modern Farming.

By R. Scort BurN. Consisting of the above Five Volumcs in One
1,350 pp., profusely Illustrated, half-bound . . . 12/0
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Book-keeping for Farmers and Estate Owners.
A Practical Treatise, presenting, in Three Plans, a System adapted for all
classes of Farms. By J. M. WoopmaN. Third Edition, revised . 2/8

Ready Reckoner for the Admeasurement of Land.
By A. ArRmMaN. Fourth Edition, revised and extended by C. Norris 22/0

Miller’s, Corn Merchant’s, and Farmer's Ready

Reckoner.
Second Edition, revised, with a Price List of Modern Flour Mill Machinery,
by W. S. Hurton, C.E. . e e e » e e . 210
The Hay and Straw Measurer.
New Tables for the Use of Aucti Valuers, F , Hay and Straw
Dealers, &c. By JoHN STegLe . . . . . . . . 2/0

Meat Production.
A Manual for Producers, Distributors, and Consumers of Butchers’ Meat,

By JoHN EwART e e e e e e e e e . 218
Sheep :

The History, Structure, Economy, and Diseases of. By W. C. SPooNER,

M.R.V.S. Fifth Edition, with fine Engravings. . . . 3/68

Market and Kitchen Gardening.
By C. W. SHAw, late Editor of * Gardening Illustrated” . . 30

Kitchen Gardening Made Easy.

Showing the best means of Cultivating every known Vegetable and Herb,
&c., with directions for management all the year round. By GeorGE M. F.
Guuuv. Illustrated . . . . . . . 1/8

Cottage Gardening:
Or Flowers, Fruits, and Vegetables for Small Gardens. By E. HoBDAY.
1/6

Garden Receipts.
EditedbyCHARLES W.QUIN . . . . . . . . 1/8

Fruit Trees,
The Scientific and Profitable Culture of. From the French of M. Du
BreuiL. Fifth Edition, ca.refully Revised by GEorRGE GLENNY. With
187 Woodcuts « e . « .« « . 3I6

The Tree Planter and Plant Propa.ga.tor $
‘With numerous Illustrations of Grafting, Llyenng. Budding, Implements,
Houses, Pits, &c. By SamuerL Woop . P . 2/0

The Tree Pruner:
A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous Illustrations. By SAMuEL Woop 1/68

*.* The above Two Vols. in One, handsomely half-bound, price 3|6,

The Art of Grafting and Budding.
By CHARLES BALTET. With Illustrations . . . . . . 2/8
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MATHEMATICS, ARITHMETIC, ETC.

Descriptive Geometry,
An Elementary ‘I'reatise on ; with a Theory of Shadows and of Perspective,
extracted from the French of G. MONGE. _ To which is added a Description
of the Pnncnpleund Practice of Isometrical Projection. By J.F. HEATHEK,
M With 14 Plates . . . . . . . . . 2/0
Practical Plane Goom.try.
Giving the Simplest Modes of Constructing anures contained in one Plane
and Geometrical Construction of the Ground. } F. Hm\'rmzn, M.A.
With 215 Woodcuts . . . 2/0
Analytical Goom.try md Oonlc ﬂootionl,
A Rudimentary Treatise on. By James HANN. A New Edition, re-
written and enlarged by Professor j. R. Young . . . . (o]
Euclid (The Elements of).
With many Additional Propositions and Explanatory Notes; to which is
pretixed an Introductory Essay on Logic. By Henky Law, C.E.. 2/6
*.* Sold also separately, vis :—
Euclid. The First Three Books. By Henry Law,C.E. . . . 1/6
RBuolid. Books 4, s, 6, 11, 12. By Henky Law,CE. . . . 1/6

Plane Trigonometry,
The Elements of. By James Hann. e+« o+ e« < 18

Sph.rlcul Trigonometry,
The Elements of. By _]Au:s HANN. Revised by CuarLes H. Dow-
uing, C.E, . . . . 1/0
** Orwith ‘' The EIeumm' of Plam Tngwwmeby, * in One Volume, 2/6

Dlﬂeuntlal Caloulus,
Elements of the. By W. S. B. WooLnouse, F.R.A.S., & . . 1/8

Integral Calculus.
By HomersHam Cox, B.A. . . . . . . . . 1/6
Algebra,
‘The Elements of. By James Haovown, M.A. With Appendix, containin
Miscellaneous Investigations, and a Collection of Problems . 2/(§

A K‘X and Companion to the Above.
n extensive Repository of Solved E ples and Probl in Algebra.
. YounG . . . . . . . . . . 1/6
Oommorcia.l Book- keepin‘.
With Commercial Phrases and Forms in Enghsh Frcnch halmn, and
German, By James Happoon, M.A. . . . 1/6

Arithmetic,
A Rudimentary Treatise on. With full Explanations of its Theoretical
Principles, and numerous Examples for Practice. For the Use of Schools
and for Self-Instruction. By J. R. YUUNG, late Professor of Mathematics

in Belfast College. ‘I hirteenth Edition . . . B .
A Keg to the Above.
. R.Young . . N . . . . . . 1/6

Equa.tiona.l Lrithmetio,
Applied to Questions of Interest, Annuities, Life Assurance, and General
Commerce ; with various Tables by which all Lalculauons may be greatlé
1/

facilitated. By W. HirsLeY « . . .
Arithmetio,

Rudimentary, for the Use of Schools and Self- lm!ructlon By James

Happon, ’A. Revised by ABRAHAM ARMAN . . . 1/6

A Key to the Lbove.
By A. ArMaN e e e e .. e e« <108
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Ma.thomatica.l Instruments:
‘Their Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. HEanuEk, M.A., of the Royal Mlhury Academy, Woolwich.
l-ouneenlh Edition, Revised, with Additions, by A. T. WaALMISLEY,
M.I.C.E. Original Edition, in 1 vol., Illustrated L 2/0

** In ordering the above, be careful to say ‘‘Original Edman " or give the
number 1n the Series (32), to distinguish it from the Eulamrd Edition in
3 vols. (as _follows)—

Dra.win‘ and Measuring Instruments.
L. Instr employed in G ical and Mechanical Draw-
mg, and in the Construction, Copying, and Measurement of Maps and
Plans. 11. Instruments used for the purposes of Accurate Measurement,
and for Arithmetical Computations. By J. F. HEaTher, M.A. . 1/6

Optica.l Instrumontu.

(more especially) Tel for
producmg copies of Maps and Pmns by i’hotography. By ] l' 'Hun'ﬂn,
M.A. lllustrated . . . . 1/6
Survoying and Latronomlca.l Instmment-.
1. Instr used for Determmmg the Geomemul l'eatures
of a pomon of Ground 11. Instr 1 Ob-

servations. By J. F. HEaTHer, M.A. Tliustrated. -« . 1/6

T /le ubow three volum:.r farm an enlargement of the Author's original work,
tical Instr )rw:leo (Described at top of page.)

Ma.thema.tlod !n-trument- B
Their Construction, Adjustment, lestmg and Use. Comprising Dra
Measuring, Optical, Surveylri‘g ical Instr g
HEATHER, M.A. hl-larged dmon. for the most part ennrely re- wrmen
The ‘I'hree Parts as above, in One thick Volume. ., . 4/

The Slide Rule, and How to Use It.
Contammg full easy, and simple Instructions to perform all Business Cal~
led rapidity and accuracy. By CHARLEsS Hoare,
CE. \Vuh a Slide Rule, in tuck of cover. Seventh Edition . . 2/

Logarithms.
With Mathematical Tab'es for Trig ical, Astr ical, and Nautical
Calculations. By Henry Law, C.E. Revised Edition . . . 30

Compound Interest and Annuities (Theory
With Tables of Logarithms for the more Difficuit (.omputauom of Interest,
Discount, Annuities, &c., in all their Applicatious and Uses for Mercantile
and State Purposes. By FEDOR THOMAN, Paris. Fourth Edition . 4/0

Mathema.ticl.l Tables,
For 'I'ri rical, Astr ical, and Nautical Calculations ; to which is
preﬁxed a Treatise on Logarithms. By H. Law, C.E. ‘l'ogether with a
Series of Tables for Navigation and Nautical A y. By D’rofe J.
R. YounG. New Edition . . . . . . .. . .

Mathemadtics,
As applied to the Constructive Arts. By Francis Camein, C.E., &c.
Third Edition . . . .+ . o e e e e . 0

thronom?
By the late Rev. RoserT MaiN, F.R.S. Third Edition, revised and cor-
rected to the Present Time. By W.T. Lvnn, F.R.AS. . . . [+]

Statics and Dynamics,

The Pnncnples and Practice of. Embracing also a clear development of
Hydrostatics, Hydrodynamics, and Cemral Forces. By ‘l. Baker, C.E.
Fourth Edition . . . . B . . .
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BOOKS OF REFERENCE AND
MISCELLANEOUS VOLUMES.

A Dlotlimu'y of Painters, and Handbook for Picture
ateurs.
Bung :d Guide fOII’ Vd'mtoa to Publ:fc 'lrnd ansaltcml;ic;rm Gﬂleneg,c:ndkf:r(
Pum:ng,e’::’ mﬁ; Pl:funl Darvt, B.A. < . pd . o"2/
Pain P larly Explained.
“"‘r ). oruicr, ainter. s

nter, and Joun Timss, F.S. A. lucludmf Fresoo,

Water Colour, Water-Glass, T
Pununz vory, Vellum, i’ottery. Enamel, Glass, &c. Sixth Edition 5/0

A Dlotlon of Terms used in Lrohltoctnre, Build-
n, inurin‘ Mining, Metallurgy, Archee-
Fine Arts, &oc.

By Jonu Wm Sixth Edition. Edited by R. Hunt, F.R.S. . §/0
Music:

A Rudimentary and Practical Treatise, Wid: numerous Examplel. B

CHARLES CHILD SPENCER . . . 2/5
Pianoforte,

The Art of Playing the. With numerous Exercwes md Imns B

CHaRLES CHILD SPENCER . . 1/6
The House Manager

A Guide to Honukeepmg, Cookery, Pickling and Preserving, Household

Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine-
mlung Gardening, &c. 'By AN OLp Housnéurn 3/6

Manual of Domestic Medicine.
By R. Gooping, M.D. Intended as a Family Guide in all cases of
Acudent and hmergency Third Edition, carefully revised . . 2/0

Management of Health.
A Manual of Home and Personal Hygiene. By Rev. JamEs Bairp 1/0

N’l.tura.l Philosophy,
For the Use of Beginners, By CHarLis TomrinsoN, F.R.S. . . 1/6

The Elementa.ry Principles of Electric Li‘hting

By ArLan A. CAuruu. S\vm'rou, M.InsT.C.E., M.LLE.E. Fourth

Edition, Revised . P | /ﬂst Published 1/6
The Electric 'l‘oleg‘n.ph

Its History and Progress. By R. Sasine, C.E,, F.S.A., &c. . . 3/0
Handbook of Field Fortification.

By Major W. W. KnorLys, F.R.G.S. With 163 Woodcuts . . 30
Logic,

Pure and Applied. By S. 1I Emmens. Third Edition . . . 1/6
Locke on the Human Understanding,

Selections from. With Notes by S. H. EMMENS . . o . 1/6

The Compendious Calculator
(Intuitive Calculations). Or Easy and Concxse Methods of Performmg the
various Arithmetical Operations
Transactions ; togechcr with Useful Tables, &c By D.nnn. 0 GORMAN
Twenty- seventh Edition, carefully revised by C. Norris . 2/6
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Measures, Weights, and Moneys of all Nations.
With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
By W. S. B. WooLHousg, F.R.A.S,, F.S.S. Seventh Edition . 2/6

Grammar of the English Tongue,
Spoken and Written. With an Introduction to the Study of Companuve
Philology. By Hvpr CLarke, D.C.L. Fifth Edition, . . 1/6

Dictionary of the English Language.
As Spoken and \Vritten. (,ontalmng above xoo,ooo Words. By Hvos
Craxke, D.C.L. . . . . 36
om/:lele witlx the GRAMMAR, 5/6,

Composition and Punctuation,
Familiarly Explained for these who have neglected the Study of Grammar.
By JusTiN BRENAN. 18th Edition. . . . e e . . 1/6

French Grammar.
With Complete and Concise Rules on the Cenders of French Nouns. By
G. L. Strauss, Ph.D. . . . . . . . 16

English-French Diotiona.ry

Comprising a large number of I'erms used in Engineering, Mining, &c.
By ALFrRep ELwes . . . . . . . . . (o)

French Dictionary.
In two Parts—I. French-English. II. English-French, complete in
One Vol. . . e e 3/0
. ‘ Or with the GRAMMAR, 4/6.
French and English Phrase Book.
Containing Introductory Lessons, with Translations, Vocabularies of Words,
Collection of Phrases, and Easy Familiar Dialogues . . .. 1)

German Grammar.

Adapted for English Students, from Heyse’s Theoretical and Practical

Grammar, by Dr. G. L. STRAUSS . . . . . . . 16
Germa.n Triglot Dictionary.

HamMmiLToN. Part 1. German-French-English. Part II.

Engllsh German-French. Part I11. French-German-English . . 3/
German Triglot Dictionary.

(As above). Together with German Grammar, in One Volume . 8/0

Italian Grammanr.
Arranged in Twenty Lessons, with Exercises. By ALFrep ELwes. 1/6

Italian Triglot Dictionary,

Wherein the Genders of all the Italian and French Nouns are carefull
noted down. By ALFrep ELwes. Vol. 1. Italian-English-French, g

Italian Triglot Dictionar{

By ALFReED ELv.Es. Vol I1. English-French-Italian . . . 2/6
Italian Triglot Dictionary.

By ALrrep ELwes. Vol. 111 French-Italian-English . . . 2/6
Italian Triglot Dictionary

(As above). InOne Vol . . . . . . . . 716

Spanish Grammar.
In a Simple and Practical Form. With Exercises. By ALFRED ELwes 1/6

Spanish-English and English-Spanish Dictionary. »
3 Including a large number of ‘I'echnical Terms used in Mining, Engineering,
%c with the proper Accents and the Gender of every Noun. By ALFrRED
LWES . e e e
"," O with the GRAMIIAR, 6 O. 4/0
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Portuguese Grammar,
Ina Simple and Practical Form. With Exercises. By ALrrep ELwzs 1/

Portn‘nla.-nn(lhh and English-Portuguese Dic-
tio .

Including a large ber of Technical Terms used in Mining, Engineering,
&c., with the pr?er Accents and the Gender of every Noun. By ALPFRED
EvLwes. ‘Third Edition, revised . . e+« .« o« BlO
*o* Or with the Gmuuum, 7/0
Animal Phylica,
Handbook of. By DioNvsius LARDNER, D C.L. Wuh $20 lllnstunons.
In Oue Vol. (732 pages), cloth boards . . . . T/6
*.* Sold alse in Twe Parts, as /ollow:
ANIMAL PN\"-IC% By Dr. LARDNER. Part I., Chapters L—VII. 4/0
ANmAL PHvsics. By Dr. LARDNER.  Part ll.. Chapters Vlll.—xwalll.o

SRADBURY, AGNEW & CO, LD., PRINTERS, LONDON AND TONBRIDGE.












