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PREFACE.

— i

HE utility of aerial or wire-rope tramways for
T the transport of ore and sundry other
materials is now fully recognised, and it is
admitted that their adoption allows of the profitable
working of mining and other properties which would
otherwise have to be left undeveloped and unpro-
ductive.

Not only can advantageous applications of this
method of transporting goods and materials be made
in numerous industries, but it is available also for
passenger traffic in situations where the gradients or
spans make the use of a tramway or a railway im-
practicable, or where the expense of either of the
latter would be prohibitive,
~ As instances of some cases in which wire tramways
can be profitably cmployed, mention may be made
of quarries, cement works, artificial fuel works, ga; |
works, artificial manure works, saw mills, breweries,
- distilleries, flour mills, gunpowder factories, textile
factories, coaling stations and depédts, stores,-wharfs,
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jetties, railway stations, fortifications, as well as sugar
estates, farms, tea gardens and other plantatlﬂns-
. brickfields, &c. &c. . |
~ "With so wide a field of application, no question
can be raised as to the utility of a treatise -on. the
Construction and Working of Aerial or Wire- Rope’
Tramwayq and in the followirig pages—althﬂugh the
limited space at commandih a small volume of
) m‘bdﬂrate cost has rehderﬂd it necessary in many
ingtances to curtail-the deacrlptlve mattermthe authérf
“frusts that he has been enabled to prnduce a bm::k"
which will (in a measdre, at least) fill a want he

~believes to exist, and which may prove useful tn ‘the
-'-,'.numemus clasa interested in the subjeet

L

A. I WALLIS fAYLE]i

K 323 HIGH HDI BORN, LONDON,. Vv L.
" Sune 1893
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AERIAL OR WIRE-RQPE TRAMWAYS.

CHAPTER L

INTRODUCTORY—DIFFERENT SYSTEMS OF AERIAL OR WIRE- |
RorE TrRaMwAYs—THE RUNNING OR ENDLESS ROPE
SysTEM-——THE FIXED CARRYING ROPE SYSTEM~—

- SPECIAL ARRANGEMENTS. -

Introductory.

HE. advantages possessed by aerial rfopeways or
cableways, or as they are more commonly called
in this country, wire ropeways or tramways, for certain.
‘services, are becoming daily more widely recognised,
and in consequence the number of installations at work
“for the transportation of goods and materials, both at
home and abroad, is becqming very numerous, and the
system is likewise, though to a lesser extent, employed
for passenger traffic. | |
Amongst these advantages the following may be
~ cited :— | B
The unavoidable heavy outlay in a hilly country -~
that would be entailed by the necessity of making
tunnels, cuttings, and embankments for a line of rail-
A .
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way 1s avoided ; and an aerial or wire-rope tramway
line can be constructed and worked on hilly ground
at a cost not greatly exceeding that which would be

.called for on a level country. Rivers and ravines can

be spanned without the aid of bridges. Gradients
qguite iImpracticable to ordinary railroads can be worked
with case. The lines do not occupy any material
quantity of ground, a post or standard at wide intervals
being sufficient to carry them, and the intervening
land being left free for cultivation or other use. The
cost of a line is in all cases in strict accordance with
its working capacity. The occurrence of floods or
heavy snows does not interfere with their working.
yA line can be moved from one place to another with
comparative facility. And finally, power can be taken
off at any point along the line and utilised for driving
machinery,

The principal applications of wire-rope tramways
have been already mentioned in the preface, and of
these, that to the working of mines is undoubtedly the
most important, and in this connection the advantages
derived from the use of a wire-rope tramway arranged
to both hoist and convey, for open pit mining, cannot
be over-cstimated.* The superiority of open pit
mining 15 so well known as to neced but little notice
here, but it may be mentioned that it saves the great
outlay otherwise required for timbering, shaft sinking,
pumping, ore breaking, and the extra cost of blasting.
_With an acrial tramway, morcover, the opening can
usually be spanned, and the waste carried back to
a hollow, thus admitting of the over-burden being

-
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delivered directly to its dumping ground., Where the
pit is not deep some method of working with incline
railways is frequently used, but no matter how the
latter may be laid down, a certain amount of oge will
be covered, and, moreover, the tracks will have to be
constantly cléared of material thrown on them by
blasting operations. The cost of loading the railway
waggons is besides far higher than that of the shallow
skips or carrier buckets.

[n placer mining, the greatest difficulty exper!enced
15 the handling of the earth deposits in the river beds
and streams, so as to work them to such a depth as to
get at the richest deposits, which lie near the bed rogk.,
This has been successfully performed by means of an
arrangement of aerial or wire-rope tramway on the
hoisting and conveying principle, working with special
forms of self-filling grab buckets, or of drag buckets.

Acrial or wire-rope tramways have been also advan-
tageously used for stripping coéal mines.

Another use to which wire-rope tramways can be
very profitably applied is the carriage or removal
of produce from land. The most desirable of these
applications are perhaps those to sugar plantations
for the delivery of the canes to the crushing mills,
and to farms for the carriage of beetroot to the sugar
factories, especially the former, where the low prices,
due to the competition of beet sugar, renders the
adoption of cvery possible labour-saving contrivance
an absolute nccessity.

An lmpmrtant feature connected with the use of
aerial or wirc-rope tramways for the above purpose, is
that the crops can be removed from the land by their
meaeans without 1n anvy wav iniuring the latter In the
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case of sugar plantations, moreover, the uneven nature
of the ground is frequently such as to render the lay-
ing down of lines of railway from the cane pieces to
the wotks a matter of great difficulty, if not a total
" impossibility, and such lines in any case demand the
erection of a greater or lesser number of bridges, are
expensive both in first outlay and in maintenance, and
take up and waste a considerable amount of land. On
- the other hand, wherc no railway or tramway is laid
down, the saving effected by the use of an aerial or
wire-rope tramway as compared with cartage by
mules, horses, and oxen, and the roads and traces and
consequent waste of land, and cost of maintenance,
would be even more marked. In such cases, indeed,
the value of a wire-rope tramway cannot be over-
estimated, and that this fact is becoming recognised
by owners of large estates is evidenced by their use
becoming gradually extended, and the many installa-
tions now to be found, not only in Demerara, where
they have been in successful operation for a number
of years past, but also in Jamaica, where many have
inclines as steep as 1 in 3, Mauritius, Martinique, St
Kitts, Guatemala, and elsewhere *

In almost every description of factory a short rope-
way or cableway could be used with advantage, and
installations of wire-rope tramways are now in use in
numerous places for connecting the different depart-
ments of factories which are situated at too wide a

“distance apart to allow of being spanned by a bridge,
or where the intcrmediate space is occupied by build-
ings, water, roadways, &c., which have to be passed

* See pages 125-128,
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over, Such cases admit of a considerable sgving” of
expense being effected by the use of wire-rope tram-
ways, which latter do away with the necessity of
lowering goods from the upper stories of wgrks to
the ground, and the subsequent removal of these
goods by a circuitous route to, and elevation to a
higher level at, their destination,

In factory lines the ropes can be frequently sup--
ported at many points from the walls of adjacent
buildings, thus effecting a saving of the posts or
standards that would otherwise be required, and the
necessary driving power, moreover, can usually be
obtained from the shafting of the works,

At the present time short cableways or wire-rope
tramways are in operation at most of the up-to-date
print works, and similar factories, in Lancashire,* also
in dye works, manurc works, chemical works, linoleum
works, brick works, mills, and other factories too
numerous to mention. |

Wire - rope tramways provide both cheap and
advantageous means of forming piers for loading and
discharging minerals, and othes materials, from ships
and lighters, which in certain situations are forced by
the shallowness of the water to lie at some distance:
from the shore. In the case of a cableway or wire-
- rope tramway, instead of the long row of piles that
would otherwise be necessary, all that will be required
to connect the shore with a point at deep water to
which the goods can be brought by barges or ships,
are a few posts or standards fixed in the bottom and
rising to a height of about 12 feet above the water, -
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and whith posts may be placed at wide intervals (180
feet or more) apart, a small group being provided at the
above deep-water point to which the terminal can be
fixed. .The motion of the wire rope can also be used
for driving cranes at the terminal points, as well as -
for ca.rrymg loads to or from the shore, thus admitting
of the engine being located in a secure position on the
shore where it may be protected from damage through
storms, and, moreover, permitting of the cranecs being
run at so high a speed as to enable barges to be
safely discharged when rising” and falling from the
effects of a heavy sea.

Numerous installations of this description are in -
successful operation, such an arrangement being used
at the end of the wire-rope tramway at the Cape de
Verde Islands, at Russel, Bay of Islands, New Zealand; -

&c., which installations will, in a succeeding chapter
be fuund briefly described and illustrated.”

.F

r

Different Systems of Aerial or W1re-R0pe
Tramways.

-

Wire-rope tramways may be conveniently divided

. into two main or principal classes, viz, first, that
wherein a running or travelling endless rope sup- w
porting and moving the carriers, is employed ; andy,
secondly, that wherein a fixed carrying rope and a__
light runmng or travelling hauling rope attached to k
the carriers by couplings or grips is used. I the ©
latter case two fixed carrying ropes are sometimes .
Osed. |

These two main classes are further subdivided by

rar

* See pages 108-115.
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W. T. H. Carrington, C.E,, M.L.C.E, a well-known

* authority upon the subject, in his practice into five

different systems or arrangements, viz. :—The endless
running rope with the carriers detachably connected
to the rope by means of saddles; the endless running
rope with the carriers rigidly ﬁ\:ei In posttion upon
the rope; the double fixed rope type with carriers’
mounted on trucks or runners and detachably secured
at predetermined intervals to an endless hauling rope ;
the single fixed rope type with one carrier drawn from
one terminus to the other and vice versd by means
of an endless hauling rope; and finally, two fixed
carrying ropes with an endless hauling rope by which
one carrier is drawn in onc direction upon one carrying

.. rope, whilst another carrier is drawn in the opposite
direction upen the other carrying rope.

When erecting a wire-rope tramway it is imperative

to carefylly select such an arrangement as will be best

suited to the requirements of the situation. The
failures sometimes recorded are generally due to
makers insisting upon an universal application of one
particular type.

The Running or Endless Rope System.

This system, which is by far the most simple, was

“ipvented by C. Hodgson about the year 1868. It
* is capable of advantagcous application wherever the
- amount of material to be carried does not surpass 500

tons per working day of ten hours, and the individu=l
loads 6 cwts, The inclines, moreover, should not be
steeper than 1 in 3, and the scction of the ground
should not neccessitate a longer span than 600 feet,
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The endless running-rope type of tramway consists
sht)rtly of an emdless wire rope, supported upon a
‘series of pulleys mounted upon strong posts or stan-

- dards located some 200 feet apart, but Wlth occasional

spans of three times that distance, the rope passing
at one end of the line round an arrangement of driving
gear comprising a 6 or 10 feet diameter drum rotated -
by steam or other power at a speed of about three
miles per hour, and at the other end round a similar
wheel or drum provided with tightening gear, The
loads are carried in boxes or receptacles hung on the
rope (by means of V-shaped saddles) at the loading

‘end, the arrangement being such as to maintain the

receptacles and their contents in a state of perfect
equilibrium, whilst at the same time admitting of their
passing the supporting pulleys. -

But one endless running rope is employed, which,
it will be seen, forms both the carrying and hauling
rope for the buckets. This system has been improved
from time to time, both by its original inventor and
also by Hallidie, Carrington, and others; but although
apparently so simple, and decidedly the cheapest plan,
its successtul working is a matter in many instances
of so much difficulty that it is being to a great extent
superseded by the fixed rope system. It is still, how-
ever, pretty extensively used in Northern Spain and
America.

‘The modtfied arrangement of the running or endless
rope system previously mentioned admits of steeper

1pclines being worked, indeed it may be said that no
limit exists to the gradient that can be successfully

negotiated, This type of line is specially suitable
where sudden and continual changes of level occur,
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guard or depressing pulleys being casily placed where
requisitc without interfering with the passage of the ~
carriers, so that the vertical angle of the line can bs
altered at each support or standard. The driving and
tightening gear and endless rope are arranged practi-
cally as before, but instead of the carrier saddles riding
on the rope and being retained in place by friction,
they are rigidly secured by a steel band or clip, or
other arrangement so that they are fixed in position
and must follow the rope, passing round the wheels
at the terminals, instead of running on to shunt rails
as in the former case. For this reason the driving
wheel is usually arranged in the form of a special
clip-deum, and the tightening wheel is so formed as
to allow the carriers to pass round it with ease. The
carrier receptacles are as a rule unloaded by striking

a catch so as to either cause the bottom to open or
the whole receptacle to capsize or tip up.

The average cost per ton per mile for transport on
the running or endless rope system, including renewals
of parts and labour but not fuel, varies from 3 pence
to § pence per ton,

The Fixed Carrying Rope System.

This system was also devised by Hodgson, and
improved by Bleichert, Otto, Carrington, and others.
It comprises one or two fixed ropes and a correspond-
ing number of light hauling ropes. This plan admits
of very wide spans being made without support, and
a valley, river, or ravine of 3,000 feet and upwards
can be negotiated with ease. Wherever a sufficient -
fall occurs, and it is required to transport goods or
material from the hicher to the lower cround. the
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- power of gravity due to the loads can bt utilised in
-~ the case of a double fixed carrying rope line to raise
. the empty receptacles, and the line worked practically
" as a self-acting incline.  When, on the contrary, the
~ loads are required to ascend, or the line is practically
“Jewel, or in the case of a single fixed carrying rope
-~ line, motive power must be provided. A small amount
- of this, however, will only be requisite for working a
line on this system, as the rolling load gives rise to
- b, little frictiomn.
- As above mentioned, acrial tramways of the fixed-
rope type are subdivisible into three classes. The
first, or that in which two parallel fixed ropes are
used, upon which carriers arc arranged to run, and
arc drawn along by mcans of a hauling rope, forms a
desirable arrangement in situations where over §0O
tons of material are required to be transported per day,
and where the individual loads surpass 6 cwts. The
-inclines may cxceed 1 in 2, and the spans 1,000 feet.
[t may be here mentioned, however, that the
capacity of transport by the former system may be
indefinitely incrcased by grouping the lines where
the situation admits of it, an arrangement which
obviously possesses the advantage of practically per-
fcct immunity from complete stoppage from break-
down, |
Briefly, this type of ropeway consists of two fixed
carrying ropes stretched parallel to cach other about
7 fecet apart, and supported by posts or standards
located about 300 feet apart, upon suitable saddle
- castings. The carrying ropes are anchored at one
of the terminals, and arc provided at the other with
some suitable form of tightening gear. The carrier-
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travellers or trucks, which are fitted with steel grooved
wheels to fit the ropes, run upon the Iatter the
receptacles being suspended from these travellers by
means of frames or hangers. The carriers are con<
nected by some suitable form of friction or of locking
orips or couplings to an endless hauling rope caperatai
by driving gear at one end, and provided with-;
tightening gear at the other cnd, the usual rate of
apecd being from 4 to 6 miles per hour. On arrival:,
at a terminal, the grips or couplings are autﬂmatlca.klj'h
released, and the carrier-traveller runs upon a &.hunt
rail. |

This type of wire-rope tramway is economical in .
wear and tear, but somewhat expensive in first cost,
and is unsuitable where there are sudden changes in
the vertical angle of the line.

“The second type of fixed-rope tramway, wherein a
single fixed rope and one carrier are used, is the best
suited for situations where only moderate quantities
of materials have to be carried, the individual loads
being heavy, and the spans long, and the inclines
steep.

The arrangement consists of a single fixed carrying
rope upon which a single carrier is mounted through
its traveller or truck, and is drawn forward and back-
ward by means of an endless hauling rope operated
by suitable reversible driving gear at one end, and
having tightening gear at the other. The fixed
carrying rope is supported on posts or standards
placed at intervals of about 300 feet apart, the hauling
rope being carried on pulleys fitted with guide bars
located in the centre of the standard over which the
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to admit of the carrier passing through them. The

return portion of the hauling rope is carried upon

outside pulleys mounted upon brackets or arms on

the standards. The attachment of the hauling rope

. . to the carrier head is made by a pendant so shaped
as to admit of its passing under the saddle-transom.

This type of wire-rope tramway is cheaper in both
first cost and maintenance than that just described,
and it is likewise simpler to crect and to work,

The third type of fixed-rope tramway, in which two
fixed carrying ropes and two carriers are employed,
the one moving upon one carrying rope whilst the
other moves down upon the other and vice versd, is
applicable where the spans are of extreme lengths,
and the individual loads very heavy,

The two fixed carrying ropes are stretched side by

. side as in the other double fixed carrying rope type
of tramway, but only two carriers are used, and most
frequently these lines are arranged to operate as self-
acting inclines, the loaded carrier descending and
hauling up the empty carrier, or lighter loaded carrier,
which in turn is loaded and descends. When the
loaded carrier passes up, and the empty or light
carrier descends, power is used. The travelling speed
may be as high as 30 or 40 miles an hour. The
individual loads may be of 3 tons or more, and spans
of over 3,000 feet can be traversed. In one line in
the Pyrenees there is a span of 4,500 feet between the
supports.

~This type of line is cheaper than the other arrange-
~ ment of two parallel fixed carrying ropes in first cost,
and also in maintenance, and fewer hands are required -
to work it. The quantity of material it is capable of
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transporting per day is of course less, and the speed
of running produces a rapid wear of the rope.

Special Arrangements.

There are many special arrangements of both"these -
systems, the principles remaining, however, always the
same, and the differences consisting mainly in the
various details of construction, many of which are -
patented,

As may readily be supposed, the special circum-
stances required to be met in a number of cases have
given rise to many other particular designs of wire-
rope tramways, on both the above-named systems, to
meet these wants,

For example, to remove carth from_trenches during
excavation a wire-rope tramway has been desighed
having separatec branch ropes for the guide wheels,
and connected with a drum or draught rope, what is
known as a Turk’s head being employed to prevent
the buckets being hoisted too high. The rope is
prevented from sagging by a small swivelling
traveller, "

The following is a brief description* of a special
form of wire-rope tramway in successful use in the
United States for both hoisting or raising and con-
veying loads. |

The main carrying rope used has a diameter of
2} inches, with a span between the suspending towers
of 1,000 to 1,500 feet, and weights of from 4 to 8 tofis
can be raised and dealt with. The main carrying

P o——— a2

* For full account of this arrangement. see 7ransaclidne of
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rope passcs over oak saddles on these towers, and is
anchored at cach end to the earth.

The carrier runner or carriage consists of two flanged
wheels adapted to run upon the carrier rope, and the
axles of which are connected together by a frame ex-
tending below them. In this frame are mounted two
pulleys, over which the hoisting rope passes to the fall-
block. The runner or carriage is hauled by an endless
rope, attached level with the axles to both the front
and back whecls, and returning above the runner or
carriage, and passing between two guide pulleys,
working in the frame of the latter. At one end this
hauling rope passes over guide pulleys in the tower,
and is wrapped five or more times round the g4-inch
drum of a steam winch which gives it motion. The
hoisting drum works alongside the latter, and is of

‘the same size, so that by working the two drums in

opposite directions at the same rate, the weight is
kept at a constant height and at the same time
will be moved horizontally.

To support the hoisting rope a special device is

“employed consisting of a horn on the back of the

main carrier runner or carriage that holds a number
of subsidiary carriers which arc left as the carriage
moves along the main carrying rope or cable, at
suitable distances apart, to support the hoisting rope

from the latter. To effect this an auxiliary rope of

about % inch diameter is suspended above the main
cable and held at a constant distance from it at the
runner or carriage by passing under a pulley attached

to the runner frame. On this rope is a series of
.

buttons equally spaced, and_increasing in diameter
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Slots in the heads of the subsidiary carriers corre-
sponding to the diameter of the buttons, cause each
one, as the carriage passes along the cable, to be
stopped at its proper button.

It will be observed that the load can be hoistad or
lowered at any point under the line of the carrying
rope or cable, and that horizontal motion can be given
to the load at any height to which it may be raised.

This type of wirc-rope tramway can be advan-
tagcously employed in open pit mining operations,
and other excavations, and is said to be found very
efficient in constructing any works which can be
spanned by the main carrying ropc or cable.

To transfer goods from a floating crane to a store
or warehouse, and vice versd, in one arrangement of
wire ropeway which has been designed, small plat-
forms are formed on the vertical frame of the crane,
cach of which platforms is arranged to correspond
with one of the floors of the warchouse from which
the goods arc carried by carrier receptacles or cages
attached to a wire rope. This latter is passed from
a drum on the top of the vertical frame round a
sheave to the warchouse, and back again to another
drum on the samec shaft as the first, the rope being
wound upon the drums in opposite directions, and the
latter driven by mecans of friction clutches. The shaft
bearings are so mounted as to be free to slide in two «
radial segments struck with a radius from the driving
pulley of the engine benecath, and connected by chains_
to counterweights, |

Another arrangement intended for conveying goods
hotweorn o veesel and a warchouse consists of a 1ib ©
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double jib is hinged to a foundation plate fixed on the
quay; and is supported by an inclined wire ropeway
passing over a sheave, and connected to a counter-
weight located within the building. This weight is so
adjusted as to be sufficient to raise the jib, which latter
is lowered by means of a crab or winch, and operating
blocks and tackle, connected to it and to the founda-
~tion plate, the rope being clamped above the counter-
weight when the desired position is obtained. Upon
this ropeway is mounted a wheeled carrier, traveller, or
-runner, having the lifting or hauling rope, which latter
1s wound upon a drum within the warehouse, attached
to it, and this drum is capable of being revolved by a
loose belt connection to a rotating shaft, which loose
belt can be tightened when desired by a pressure
pulley normally kept out of action by a counterweight.
The lifting hook is attached to a frame suspended
from the lifting or hauling rope, and provided with
two arms sufficiently far apart to admit the carrier
traveller or runner passing between them. Another
“pair of catches hinged to the jib hold the carrier
traveller or runncr in position, whilst the load is being
lifted or lowered, by engaging with studs or projec-
tions on the carrier traveller or runner, and the above-
mentioned arms in rising are inclined by bevelled
surfaces coming in contact with these studs so as to
throw the hinged catches out of engagement, whilst
catches upon the arms cngage therewith. The carrier
traveller or runner and load can then be drawn up
into the warehousec. '
On the descent of the empty carrier, which takes

place by gravity, the catches on the arms of the lifting
hook arc automatically disengaged, and the catches
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on the jib re-engage with the studs, so as to hold the
carrier traveller or runner in position whilst the lifting
hook is lowered into the hold of the vessel,

A temporary ropeway for loading and unloading
ships consists of a wire rope stretched taut betwgen
the deck of the vessel to be dealt with, and a crossbar,
upon which a pulley is raised and lowered by a winch.
- This pulley is connected by a rope to a post, or other
conventient point of attachment, situated somewhat
beyond the place where it is desired to deposit the
load, or te pick up the latter.

The carrier receptacle is first loaded in the lower
position, when the cargo of the vessel is being dis- -
charged, then that end of the rope is raised by means
~of the winch, and the carrier runs by gravity down
the rope, is emptied, and the end of the rope being
lowered, again returns by gravity, When the vessel
is taking in cargo, and the load would be consequently
running in the opposite dircction, this operation is
reversed. | .

To enable a stcamer to be coaled from a collier
whilst under way, it has been proposed to usc a wire-
rope tramway of the following description. The collier
is especially fitted for the purpose with a braced mast
having at the top a pulley, over which the rope passes
to a shackle on the mast of the steamer, and thence
to the deck, where it is secured. The vessels are
supposed to be maintained at a fixed distance apart,
during the operation, by a tow-rope. -
- There are numerous other more or less impracticable

patented arrangements which space does not admit
of even briefly describing, and which besides are of
little or no interest.




CHAPTER 1L

DETAILS OF CONSTRUCTION : PosTS OR STANDARDS—WIRE
Rorks OR LINES FOR RUNNING- ROPE SYSTEM—
CARRIER BOXES HR SADDLES—WIRE ROPES OR LINES
FOR THE Fixep CArRRYING ROPE SYSTEM— CARRIER
TRUCKS, RUNNERS, OR SADDLES-—FRICTION GRIPS
or CoUPLINGS—KNOTS OR CARRIER COLLARS—PAWL
LockING Grips orR CoUPLINGS — CLAW J.OCKING
Grips OrR COUPLINGS — CARRIER RECEPTACLES OR
VEHICLES—MOTIVE POWER,

AS in the case of railways or tramways, aerial rope-
ways or wirc-rope tramways consist essentially of
three all-important parts, viz., the line or track, which
in this case takes the form of a running or travelling,
of one or more fixed, wire ropes or cables, in accord-
ance with the system in use ; the carriers, vehicles, or
cars for the goods or passengers; and finally, of the
motive power for the line.

Posts or Standards.

Whether the line be constructed on the running or
travelling, or fixed carrying rope or cable system, the
rope or cable must be suitably supported at proper
intervals upon wooden or iron posts or standards.
These posts are usually placed at from 100 feet to
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300 feet apart, the exact distance depending of course
upon the configuration of the ground to be passed
over, an accurate survey and section of which should
be always executed. When, however, a gorge, ravine,
narrow valley, or river has to be crossed over, the
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Single Wooden Posts or Standards.

"I.
s F.

distance between the uprights or supports may be
very considerably increased, and, as has been alrcady -
mentioned, spans of 3,000 feet, or, in extreme cases,
even considerably more,* may be safely resorted to. o~
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The survey for a line of wire-rope tramway should
in all cases be carefully exccuted. And it is important

: to bear in mind that wherever it is possible the line

should be in a straight line, as each angle will render

..,—---—_\_____-_-_‘_

necessary the erection of a complete station, thus

increasing both the cost of construction and that of

working. At each point where a post or standard is
to be erected, the depth of solid ground should be
ascertained,

The posts or standards when constructed wholly or
mostly of wood may, in the simplest cases, consist of

~common round poles or spars forming the legs, and

> having top cross pieces of well-scasoned oak or equi-

4

”'valent timber. These legs are stayed near their

- lower extremities, and should be let into the ground
f{:fr a sufhicient distance to ensure the requisite rigidity.

Two almple forms of wooden standards or posts are
‘tllustrated in Figs, 1 and 2.

Upon the upper ends of .the pmts are crosspieces
secured in position by iron brackets, and provided
with suitable shoes, saddles, or seats to receive the
carrying wire ropes, two of which are used in both
these instances to form double lines.  Lower crossbars
braced to the posts, carry rollers which serve to
support the driving or hauling ropes at such times
as the latter are not engaged by passing carriers or
vehicles,

When iron is employed as a material for the sup-

~ ports,channel or I-beams, with angle-iron stiffeners, and

channel iron crosspieces, are usually employed. Where
the loads are heavy and the spans considerable, more-

over, the posts or standards should be constructed
with four legs.

-
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The design of these supports, however, whether
constructed of timber or iron, will of course vary from
those of great simplicity, required for short lines -
carried at no great height above the ground level, to..
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F1G. 3.—Iron Iost or Standard,

structures of comparative complexity in the case of

the more important installations.
One pattern of iron post or standard is shown in

Bices 9
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Another type consists of wrought-iron pipes con.

" nected by ferrules, and which can readily be taken to

pieces, and adjusted as regards height by shdmg the
—one length of pipe within the other.

- The standards or supports, of whatever form of
construction they may be, are, when above 4§ or 5o
feet in height, usually stayed with wire guy ropes as
an additional security. When intended for supporting
running ropes, the seats or saddles are replaced by
sheaves or pulleys.

Descriptions and illustrations of a number of other
posts or standards will be found given later on in the
chapters devoted to the particulars of various installa-
tions that have been erected in different parts of the
world.

Wire Ropes or Lines for Ruaning-Ropa
System.
As regards the line or track itself, the characteristic

features of the wire ropes used for this purpose, in
both the above systems, will be found dealt with to
a certain extent in.the above-mentioned descriptions

of the various installations on both plans. Inasmuch, -

however, as such ropes form a very, if not the most,
important part of aerial or wire-rope tramways, being
~ both the chief wearing parts and those most costly to
renew, a few preliminary general observations upon the
classes of wire rope most suitable for the purpose in
question will be of interest. The methods employed
for the splicing and securing of the ropes, and for
their preservative trcatment, will be found dealt with
in the last chapter of the book. Space will not admit

of even briefly touching upon the manufacture of wire,

o n'l.l'l.:nhl- "rl'\:ﬂl\ :..'1. ﬂﬂ‘-ii-‘ﬂ“-- :H#:mn*"n‘rr ﬂf\““ﬂﬂ""‘ﬂ.fl 'l'l.'l“:""h
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wire ropes, but those desirous of obtaining full informa-
tion upon this matter can do so by perusing a very
interesting work by J. Bucknall Smith, C.E.*

For a wire tramway of the main class first men-
tioned, where a running or travelling endless ropa—
carrying the buckets or carriers is used, this rope
should preferably be of what is known as the Albert
or Lang? lay, that is, a rope in which the component
wires of the strands, and the strands themselves, are
laid in the same direction.

Figs. 4 and 35 are photographic reproductions
showing a wire rope of this description as it appeared
respectively when new, and after two years’ use, on a

Fig. 4.—Wire Rope, Albert Lay : Appearance when New.

wire ropeway on Carrington’s system erected between
Badovalle and Ortuella in Spain.  This rope was put
to work at the beginning of July 1893, and was kept
in continual use until 2oth July 1895, at which time
it had carried upwards of 165,000 tons of iron ore, the
cost for rope renewal bemg in this instance only about

* Wire : ats Manufacture and Uses ? b}r J Bucknnll Slmth
- C.E., Offices of Enginecring.

-t A so-called patent was acqulred in this country in the year
1879 by J. Lang for a wire rope constructed on the principle ~
invented by Professor Albert of Clausthal about the year 1837,
and which at the time of Lang's patent had been in common

use in Germany for over forty years, and had been made public
s Taralantd for at leacst ten vears. .
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1 penny per ton mile. It was, however, far from being
worn out when removed, as was proved by the fact
that the breaking strain was even then found to be
271 tons, against one of 29 tons when new. This
—was a- very remarkable performance, and bore abun-
dant testimony to the quaiity of the material employed,
and the care and skill exerted in its manufacture by
the makers.* It also shows how desirable it is from
an economical point of view to use only ropes of
the very best quality obtainable, although they may
primarily entail a larger outlay.

Both the above and many other practical tests
very conclusively prove that the Albert or Lang lay

i, 5.—Wire I{np;:, Albert Lay: Appearance after Use on
Wire-Rope Tramway.

is decidedly the most suitable form of construction for
running ropes. |
The endless running or travelling rope, which should
be madec of special steel, usually passes at one end or
terminal round a suitably arranged driving gear pro-
vided with some convenient tightening device by means
of which the slack and extension of the rope can be
taken up as required, and at the other end or terminal
~is carried by a plain cast-iron grooved wheel. The
tightening devices employed are usvally similar to
those used on underground haulage installations.

* Messrs Ballivant & Co. Ltd,
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Pulleys or sheaves rotatably mounted upon the posts
or standards serve to sup'pmrt the rope between the
terminals, and the carriers or vehicles are attached to
it at suitablc intervals by gripping devices.

It is obvious that the above grooved supporting.
sheaves or pulleys may consist of any ordinary and
well-known types mounted in the usual manner. A
number of specially constructed sheaves or pulleys
have, however, been designed.

In one form the supporting sheaves for the endliess
travelling rope are constructed with deep flanges to
prevent the rope from being jerked off, and also with
raiscd or removable treads on which it bears. The
sheaves are so dished that the bearings will be located
beneath the line of the rope. At such points on the
line as arc exposed to great pressure, such as the ends
of spans, it is recommended to mount two or more
sheaves on simple or compound balance, or compen-
sating levers, on springs, or on adjustable bearings, so
as to distribute the strains, allow for the varying posi-
tions of the load, and to admit of the rope conforming
to the contour of the ground. It is also suggested
that the sheaves be mounted in canted or inclined
positions at curves so as to allow of horizontal changes
in direction being made without shunting on to another
section,

It has been proposced to employ double pulleys or
sheaves with a clecarance or space between them to
allow of the passage of the hangers. By this means
the advantage of being cnabled to hang the loads™
directly from the ropc would be secured. In practice,

however, it is obvious that such an arrangement would
et matsr i enilbiae amgainet cetierecefit]l worlcinor
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. niot the least of which would be to ensure the passage

. of the hangers, which have a more or less tendency
- to sway laterally, through the narrow clearance, the
., amount of which would of course be governed by the

+ ——diameter of the rope. ' |

, Carrier Boxes or Saddles for Running-Rope
. ‘ System.

The vehicles or receptacles for the conveyance of
goods or passengers, including the means employed
for suspending them from the ropeway, are usually
known by the name of carriers, and in the system of
wire tramways under consideration in which an end-
less travelling rope is employed, the method of sup-
porting them upon this endless travelling rope is such
that the carriers are attached to and will travel with
the rope, from which they are suspended by means
of suitable frames or hangers, and boxes or saddles,
several different methods being adopted for securing
the latter to the rope, and the slipping of these grip-
ping devices when inefficient forming one of the most
fruitful sources of wear of the wire rope. |

. In one pattern the box is fixed to the rope, which is
held therein by an abutment and strap, and to this
box is journalled an upper hanger. The lower hanger
carries the loads and is detachably connected to the
upper one, and its lower end enters a V-shaped notch
with a cross rib in the carrier receptacle or bucket

“into which it is guided by a locking device consisting
of a swinging arm. The strap for securing the box or
saddle to the rope is tightened by a screw or by a jib
and cottar. and the box ecan be nlaced at ant ancle
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to suit the disposition of the supportmg pulleys or _ﬁ'

sheaves.

An arrangement of saddle has also been demgned
by Roe and Bedlington, containing clips which grasp
the sides of the rope, and are tightened by the welght
of the carrier and its contents acting through toggle °
levers, wedges, and universal joints or rollers, running .
on plane, inclined, or curved surfaces, the slight end-
wise motion of the saddle on gradients under the
action of the load causing a further tightening of the
jaws to take place. On passing a supporting sheave
or pulley the clip jaws pass through the sheave groove

Fig. 6.-—Carrier Box, or Saddle, for Steep Gradients.

whilst the saddle passes above it, and a taper nose
attached to the saddle tends to bring the rope into the
centre of the sheave groove if at all displaced. The
saddle is also provided with two pulleys for supporting
. it on shunt rails at the stations, and the jaws of the clip
are sometimes grooved to fit the cable or rope strands

and lined with some suitable material. To prevent -

the saddle from tipping endways when ascending a
steep gradient the rod, frame, or hanger carrying the
receptacle is pivoted to the saddle in the horizontal
, plane of the centre line of the cable or rope.

—
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Fig. 6 shows one of Carrington’s pattern boxes or
saddles specially adapted for steep grades, The por-
tion of the saddle or box which rides upon and grips
the rope is fitted with a scating of some pliant material
such as indiarubber, or of an arrangement of wooden
or composition friction pieces or blocks, the latter
being held by some authoritics to be the best, as the
indiarubber scatings are liable in some cases where
the gradients are very steep to slip in wet weather.
For additional security steel toggles are sometimes
placed at the extremities, but this practice is objection-
able by reason of the great wear and tear to which
they subject the ropes or cables. The external
arrangement and construction of the box or saddle
will ‘be sufficiently apparent from the illustration
without much further description, |

The frame carrying the friction blocks or pieces is
generally made of malleable cast-iron, with wings at
each end, which, when the carrier is passing a rope-
supporting pulley, cmbrace the pulley rim, |

>mall shunt wheels are mounted upon pins “carried
in the frame, as shown, and serve to remove the carrier
from the rope at the terminals, and at the curves, where
shunt rails are fixed for that purposc.

Another form of saddle has a V-shaped. groove, also
lined with indiarubber or other elastic material at each
end, which grooves ride on the rope, and the india-
rubber by engaging withthe wires obviatesan y tendency
to slipping under ordinary conditions. At the central
portion which is clear of the rope a pair of jaws arc
arranged to grip the wire-work freely on inclines. To.
cffect this the load is suspended from a horizontal
transverse shaft on the top of the saddle and a4 vert:
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cal stud is provided on the former having at its top &
horizontal shuttle-shaped piece placed in the direction
of therope. The arms of the grip are forked fore and
aft, the prongs rising opposite the pointed end of the
shuttle, which, when the saddie assumcs an inclined
position on a gradient, enters between the forked
arms and causes the jaws to grip the rope by reason
of the weight hanging in a vertical direction, and so
causing the shaft to rotate relatively to the saddle.

A type of box or saddle for steep grades 1s so con-
structed that it is capable, whilst riding on the rope,
of passing through an enlarged groove provided on
the supporting pulleys. The frictional connection to
the rope is in this case usually discarded in favour of |
a mechanical device which grips the rope, or in some
cases of an arrangement of clip, consisting of a lug
cast on to the frame or to a movable portion of the
latter, and resting between the strands of the rope.®

The Hallidie clip is one which is rather extensively
uscd, and has been-well spoken of. It consists essen-
tially" of two parts connected by a pin forming a
hinge joint opening upwards. On the extreme end
of the body or main part is a spiral web that enters
the rope. Two prongs on the other end of this body
are drilled to receive the pin, and the piece jointed to
the body by the latter has an arm which forms a
journal, a lip or projection preveating the joint from
working downwards. The spiral web on the body has
five concave corrugations or scores and one convex
corrugation, and is formed to suit the pitch of the
strands of the rope in which it is to be entered, and

* See description of running-rope system on this plan, pages

rF o' [ B " |
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also the size of the latter, so that the rope w111 fit
accurately in the cnrrugatmns

When in place in a six-strand rope the first corru-
gation will reccive the heart or core, and the second
and third receive the two outside strands of the rope.
‘The third of the three bottom strands will lie beneath
the core which is in the first corrugation or score.
The sixth convex corrugation on the upper side of the
web will take the place of the upper half of the core,
and the fourth and fifth corrugations will take one
strand each, whilst the third will lie on the top of the
sixth corrugation. An almost perfectly round rope
15 thus, it will be seen, secured at the point of
attachment.

On the inner end of the above- mentioned arm is
cast a solid collar, and a loose collar or washer placed
at the free or outer end and retained in place by a
split pin, forms the journal upon which can be
mounted the carrier or hanger frame. ,

In work, when passing a sheave or pulley the body
rides on the rim of the sheave, and is raised up as it
travels over it, gradually falling as it passes until the
joint takes its bearing, the shaft or journal remaining
during the movement in a horizontal, or approximately
horizontal, position, )

The advantages claimed for this clip are :—QOwing
to the clip being hinged and inserted into the rope
without the form of the latter being altered at the
point of insertion, no swelling is produced on the rope,
and the clip can pass over a sheave without jar to the
rope,or throwing the load out of itsvertical position, thus
avoiding the detrimental swinging action which takes
place when rigid clips are used. This hinged arrange-
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ment, besides, admits of very deep wide grooved sheaves
or pulleys being used, and the liability of the rope
being jerked out of place is thus reduced to a mini-
mum. With ordinary clips, on the contrary, the rims
of the sheaves have to be cut down so that the grooves
will not be deeper than half the diameter of the rope,
and consequently the danger of the latter leaving
them is considerable. The clip can also be very
readily attached to the rope, and can be easily ad-
vanced on the latter from time to time, so as 1o dis-
tribute the wear, and prolong the life of the rope. It
is cheap, and does not require, as is the case with
some forms of clips, to be bent round the. rope whilst
hot, thereby affecting the temper of the latter and
frequently considerably reducing its tensile strength.

Wire Ropes or Lines for the Fixed Carrying
| Rope System.

With respect to the second main class of wire tram-
ways mentioned, that is, those in which a strong fixed
carrying rope forms each of the lines, tracks, or ways,
and a light running or travelling rope is employed in.
conjunction therewith for driving or haulage purposes,
the former should be of stout steel wire, and specially
designed to withstand the strains to which the line or
track will be subjected in working; and the latter
should preferably consist of fine steel wire, and be
made on the Albert lay, and with a hempen core so
as to ensure the maximum degree of flexibility.

The fixed rope forming the track or line is some-
times solidly anchored at each end, suitable means for
straining or taking up the slack being provided at a
saint or at points. along theline. In other cases it is
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anchored at one end only, and strained at the other
end by heavy weights passing over pulleys, a weighted
anchor carriage, or by winding it 6n a drum, &c.

- The posts or standards used in lines on this system
do not differ materially from those employed for the
running or endless rope system, the wooden and iron
posts or standards shown in Figs. 1, 2, and 3 being,
indeed, arranged to support fixed ropes, the method
adopted not being, however, shown very plainly owing
to the smallness of the scale. |

The fixed carrying rope is as a rule supported at
the posts or standards in iron saddles, seatings, shoes,
or cradles so formed as to afford no obstruction to the
passage of the grooved wheels of the carrier travellers
or trucks running on the rope, whilst the  light
travelling hauling or driving rope is held up simply
by its attachment at frequent intervals to the carrier
frames or hangers, except where such intervals or
“spaces are of considerable extent, in which case the
rope 1s generally arranged to rest upon rollers rotat-
ably mounted upon arms, brackets, or crosspieces fixed
to the posts or standards. |

The method of supporting the carrying rope is of
considerable importance, as, by reason of variations
in tempcrature and in the positions of the loaded
carriers, the ropes have a considerable endwise
movement imparted to them, which, if they should
become fixed in their saddles, seatings, or shoes, would
tend to overturn the posts or standards, and in any
case is likely to give rise to a considerable amount
of wear. To overcome this objection the ropes are
sometimes carricd on grooved sheaves or pulleys, but
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also entatls excessive wear.  More successful methods
are those wherein the blocks or shoes are mounted
upon’ small rollers and arranged to run upon suitable
paths or races, or what is still better, secured, as in
the Obach and Beer systems, to the ends of pendulum
rods or swinging levers, arranged to move through
certain arcs, but supported against sideway movement
by quadrant-shaped guides.

The terminals and occasionally intermediate points
of divergence on the line, where the latter is con-

structed as is usual in straight sectiuns, have to be

T
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Fig, 7.—Wire-Rope Tramway End or Terminal.

provided with switch rails to enable the carriers to be
transferred or shunted on to another line or track, or
on to the second rope or cable to perform the return
journey. |

One end or terminal of a tramway on Bleichert’s
system is illustrated in Fig. 7, from which it will be
scen that the hauling or driving rope passes round
the horizontal wheel or pulley, and the track 1s con-
nectéd to a rail supported by suitable brackets. The
carriers may be here passed round to the second or
opposite supporting or carrying rope or cable for the

i
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return journcy, or they may be shunted on to another
track by the switch rails. | |

When it 1s desired to erect portable temporary
junctions at some intermediate points on the line
where it is required to stop or to return the carriers
to the starting point, these junctions arg constructed
with a connecting rail somewhat similar to that shown
in IFig, 7, but arranged to dip below the supporting
or carrying ropes or cables by means of tempﬂrary
‘pulleys, so that they may be out of the way of carriers
or vehicles crossing over.

At curves the arrangement is such that the carriers
leave the supporting track or carrying rope and run,
by reason of their momentum, on a connecting rail
in the same manner as at the end or terminus of the
tramway, having been released from.the hauling or
driving rope, by which they are again picked up on
tesuming their bearing on the line or track, that is,
the fixed carrying ropc. Both the supporting or
carrying ropes, and hauling or driving rope, pass round
rollers.

Amongst the various other plans that have been
adopted or suggested for the arrangement of the rope-
way the following may be mentioned :—Connecting the .
carrying ropc by ties at fixed intervals to another rope
suspended from posts or supports consisting alter-
nately of one of considerably greater height, so as to
form, as it were, a flexible girder. In the case. of
double lines stretchers or crossheads being provided
to maintain them parallel, and to enable loads to be
suspended when desired from both lines, The carrier
supports and carriers need not in this case differ from
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Supporting the weight of the carriers by means of
several wires so arranged that the tension of the wires
will be independent of the load. These wires are
fixed at one end or terminus, and are passed over
grooved pulleys at the other end or terminus, and
connected to heavy weights. The driving, propelling,
or hauling ropes are arranged side by side with the
former, one end of each being attached to the carrier,
passed around pulleys, and back to the other end of
the carrier, and there secured. The hauling or driving
rope is driven by a suitable pulley, which latter is
rotated by an engine located at the rear of the casing
carrying the supporting pulleys, and provided with
. guides for the suspension tension weights. These
latter consist of two side plates carrying between them - |
at the top a loose pulley, and having supports for
removable bars forming the adjustable part of the
weight, |

In another arrangement of ropeway suggested by
Hodgson, a rope was to be laid parallel to the bearing
or carrying rope, which second rope was to be capable
of taking a strain similar to that thrown by the loads
upon the bearing or carrying rope, and was to be
clamped by a clip formed with spiral grooves corre-
sponding to the lay of the rope, to the supports of the
bearing or carrying rope. The bearing or carrying
- rope was to be first laid with a sag so as not to over-
_stratn it, and then the sustaining or carrying rope
~strained whilst unloaded to its maximum strain. |

Many plans have been proposed for enabling curves
to be rounded at angles instead of shunting the carrier
on to a rail, and thence to another ropeway or section, .
diverging in a straight line from the first. In one
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arrangement the bearing or carrying rope is replaced at
the curves by rails, and the traction or hauling rope is
suided by pulleys supported in a rail against which
bear wheels on the vehicle suspending or carrier
frame, and ropc-gripping apparatus. The track is
supported by two crossed poles with inclined struts,
the poles being held where they cross by a bolt and a.
double channel section. The traction or hauling rope
may be run at the terminal station round a horizontal
pulley with a flange, against which the above-men-
tioned wheels bear. The bearing or carrying rope and
traction or hauling rope pulleys, &c., are supported’
on brackets on the crosspicces, which brackets, near
the terminals, are mounted on slides vertically adjust-
able by screws, or other means, so as to enable the
required incline to be obtained.

 Qarrier Trucks, Runners, or Saddles.

The carrier receptacles in this system are suspended
from trucks, travellers, runners, or saddles, the ordinary
form of which consists mainly of two grooved wheels
or rollers rotatably mounted in a suitable frame ; but
several special arrangements of which, however, are also
made, the best forms being those having the spindles or
axles of the grooved wheels supported in bearings at
both ends, instead of being arranged overhanging and
supported at one end only, as is sometimes the case,

The spindles or axles in some of the best types are
also formed hollow so as to provide reservoirs adapted
to contain a charge of lubricant, and they are perforated
with small radial holes to allow the escape of the
lubricant into the journal, by which means the trucks
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period without attention, and the spindles and bosses
of the grooved wheels caused to last for many years.
The oil or other lubricant can be inserted into the
hollow spindles by the removal of screw plugs,

In the ordinary form of overhanging spindles or
axles the wheels become skewed, atwist, or out of

Fig, 8, —Carrier Truck or Runner for Fixed Wire Ropeway.

line, and conscquently the carriers do not hang verti-
cally. Considerable trouble, morcover, is generally
experienced in keeping them properly lubricated.

Fig. 8 illustrates in sectional plan and elevation a

truck or runner having a frame and spindles of the

ahove_imortianoed] Tmavorad deceeint o Tho feame to
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composed of two stee! plates havirg a central cast-iron -

- distance piece through which the hanger or frame

spindle passes. The grooved wheel spindles or axles -
are of phosphor bronze hollowed out or recessed to
contain oil or other lubricant, as shown, and also
arranged to form end distance pieces between the side
plates of the frame. The hanger spindle can be oiled
through a hole in the distance piece, and the carrier
frame or hanger passes through the latter, the frame

-being suspended from the centre, but on one. side of.
‘the truck or'runner, and swinging on the spindle.

To admit of the loads being suspended directly
from the carrying rope a form of truck or runner
having double wheels or rollers with a space or cleat-
ance between them has been proposed. Through
this clearance the connections by means of which the-

- rope 1s suspended or supported will pass, the amount

of the clearance obtainable being of course dependent
upon the diameter of the rope.

A truck or runner has been designed in which the
grooved wheels or pulleys are mounted in a frame
from which the receptacle is carried by a hanger and
rods, and on the other side of which is another pivoted
rod which takes on to a stud on a second rod, a third
pivoted rod taking on to a stud on the first rod. The

office of this latter rod is to prevent the truck or runner -

accidentally leaving the rope, and to admit of its
passing the supports on the posts or standards, fixed
inclines being there provided to knock the rﬂcls out
of the way at these points,

Another truck or runner in which provision is made |
for prEVEntmg its bmng jerked from, or otherwise
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framing fitted with two or more rotatably mounted
srooved wheels or pulleys intended to run upon the
fixed carrying rope, and one or more similarly grooved
wheels or pulleys mounted in a like manner, and
adapted to engage with the under side of the rope,
so as to prevent the possibility of any accident
arising through the above-mentioned cause. . |

The frame of this saddle is also formed fender-
shaped at cach end in order to remove any obstruc-
tions, such as branches, from the carrying rope.

In practice any such additional safety arrangements
for preventing the trucks or runners from leaving the
‘carrying rope are found to be unnecessary on lines
working under ordinary conditions.

A number of so-called safety suspension devices or '
trucks have been likewisc devised, the general idea 1n
a1l of them being to provide some form of clutch which.
will act automatically to grip the ropeway should the
- driving or hauling rope break.

In one form, upon the accidental breakage of the
-driving or hauling ropeg, 2 bridle to which the latter is -
attached will fall and release detents, thereby allowing
of springs coming into action by which gripping rods,
jointed . in a manner practically similar to a parallel

ruler, are caused to grip the ropeway through links
~and levers. A pusher piece is forced by a suitable
* stop to shoot bencath a snug on the bridle, and pre-

" went its falling, and the clutch from coming into action

at the termination of the travel or journey. -
‘Another type of carriagc or truck, in addition to a

. safety clutch device, has suitable mechanism by means

of which the carrier receptacle can be lowered at one of

17 3 n-‘-ﬂnﬂ:ﬂl"f
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- for hoisting and conveying coal and other materials
from mines, vessels, &c. ) |

Therc are numerous other patterns of trucks or
runners which space does not admit of even briefly
describing here, but a few of which will be found
noticed and illustrated in the descriptions of various
installations that have been erected.

Friction Grips or Couplings.

To attach the carriers to the hauling rope some
kind of clip, coupling, or grip is required, and if regu-
farity and uniformity of working is to be attained,
this device must be both simple in construction, cer-
tain in its action, and calculated to produce as little
wear of the rope as possible. Indeed it has been the
experience of most engineers, with regard to wire-rope
tramways, that the slipping of the clips on the carry-
ing rope in the one system and on the hauling rope
in the other, is one of if not the chief cause of their
wear,

The couplings or grips in general use are either. of
the friction or of the locking types.

Fig. 9 shows in clevation and in vertical section a
form of grip or coupling of the first-mentioned class,
which consists, as will be scen from the illustration, of
- two smooth-faced discs, one firmly attached to the
crossbar of the carricr frame or hanger, and the other
rotatably mounted upon a spindle, and capable. of
acting as a carricr or support for the driving or haul-
ing-rope. The discs are normally retained apart by a
spring, and to bring them together and grip the rope,
the spindle is provided with a square screw thread at its
cuter end. vpefi whiclhh the carreciierdimelyr fedmem ot .
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screw-threaded boss of a lever is adapted to screw, so
that when the latter is raised the loose disc will be
moved towards the fixed one, and the rope be tightly
clamped or gripped between their adjacent faces, the
lever being retained in its raised position by means of
a spring catch or trigger. This latter arrangement
admits of the grip or coupling being automatically
thrown out of action by a stop or wiper encountering
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Fia. 9.—ise Friction Grip or Coupling,

the lever and catch, and the hauling or driving rope
released, on approaching a station, when the carrier
can be switched off the carrying rope on to a siding,
as has been already describedl.

This grip or coupling is said to be suitable for
gradients up to 1 in 6, and for loads weighing up to
0 cwts. nett. An advantage of no inconsiderabie
valiie nneercerd by thic connling i« the ease with which
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it can be adapted to receive ropes of different dimen.-
sions, gnd to allow for the wear of the rope.

Where steeper gradients have to be surmounted, -
- such as those>up to say 1 in 3, a friction grip or
coupling with corrugated jaws, one of which is rigid,
‘and the other movable to and from the rope by means
- of a lever and cam, should be used, or some other.
more powerful form of grip than that fitted with the
smooth-faced discs, as above described and illustrated.
~ Twoforms of clips, couplings, or grips have been
designed, which arc constructed shortly as follows :(— -
In the first a right and left handed screw-threaded
spindle is employed. The thread engaging in the
outer or first movable jaw is of a fast pitch, and,
when ‘rotated, rapidly advances the Jaw against the
rope and then becomes disconnected, after which the’
closing of the jaws is completed by the fine thread,
- which engages with, and acts upon the second movable
Jaw. A casing is provided for excluding dirt, and a .
lever is attached to the screw-threaded spindle which
can be acted on by fixed inclines or stops at the stations -
50 as to automatically operate the coupling or grip,
~ The second arrangement consists of a toggle me-
chanism for operating the jaws, and the grip is held .
closed by a pawl engaging a sector fixed on one of
the jaws, and is kept normally open by a spring’
between the jaws.

Both of the above clips are provided with guide-
rollers intended to bear upon the hauling or driving
-rope, and have their jaws fitted with liners to facilitat
repair when worn. |

In a form of coupling or grip designed by the same
inventor, whose disc grip has been already briefly
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7 described and illustrated, an eccéntric quadrant is

. the line,

caused tg bear against the rope by a cam operatad by
an arm controlled by suitable projections provided on
Another grip or clip invented by Roe and Bedlington
- has the jaws so mounted that they will be closed by .
- a movement perpendicular to the direction of the cable
or rope, and will be then automatically tightened by -
the pull of the latter. The above purpose is effeéted
~ by various arrangements, such as ball-jointed jaws
- with eccentric faces, straight-faced jaws working on
- eccentric bearings, one jaw jointed to a plain or
segmental toggle lever, and the other supported by
- eccentric rollers, and by other dispositions of toggle
levers. Apparatus is also provided for entering the
cable or rope between the jaws, applying the initial

... pressure, and locking the jaws.
%~ . It bas been also proposed to use a rope clip or

grip in which the hanger is given a vertical movement
in the supporting trolley or saddle, which latter is
arranged to carry an upper gripping block, and to
actuate a lower gripping block pivoted on the trolley
through a link. A pulley running on a fixed rail
~ raises the hanger above the ordinary carrying rope at
- the termini, so as to free the grip from the driving or
hauling rope. | |
- Whatever the type of friction grip or coupling, -
however, that may be employed, provided it be effi- .
cient in action, certain specific advantages will be de-
rived from its use. Amongst these the most important .
are that, owing to the carriers being attachable to the
rope at any point, the wear of the rope is rendered
more uniform throyghout its entire length; and,
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furthermore. as the carriers can be, as above men-
tioned, attached to the hauling or driving rope at any
point, the carrying capacity of the line may be easily
increased or decreased at pleasure, by simply placing
the carriers closer together, or further apart, in accord-
ance with whether the former or latter alteration be
desired.

This is, indeed, a far more desirable way of effect-
ing the above object than that of varying the travelling
speed of the driving or hauling rope from that found
to be the most advantageous rate at which to work
any particular installation of wire-rope tramway, and
more particularly 1s this the case when the alteration
entails an incrcasc of velocity.,

As an example of the small amount of wear caused
to the rope by the use of the above-described disc
friction grip or coupling, it may be herc mentioned
that on the IFerniec wirec ropeway at Gicsen, where
such grips or couplings were in use, the hauling or
driving rope supplied when the line was erected in
1379 was stated to have still been in good Cﬂndltlﬂﬂ
and in regular work in 1891.

 Knots or Carrier Collars for Locking QGrips
or Couplings.

When a line of wire-rope tramway has gradients
steeper than 1 in 3, a Jock grip or coupling of some
efficient description must be employed. There arc
many patterns of this type of grip and of the ncces-
sary knots, carrier collars, or swellings in the rope by
means of which the fastening is completed.

With respect to the latter, that known as the Star
knot is perhaps about the best.  This device, which is
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- illustrated in Fig. 10 in elevation, and in longitudinal
and cross sections, consists of a spirally grooved cylin-
der having a diameter slightly larger than that of the
driving or hauling rope to which it is to be hxed.

Into these spiral grooves the strands of the rope,
which must be untwisted for the purpose, are inserted
in the manner shown in the illustrations, so that the
ribs of the cylinder will project to a sufficient extent
to afford a hold for the grip pawls, or for the claws of
the coupling.
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F1a, 1o.—5tar Knot or Carrier Collar for Use with Locking Grips
or Couplings.

To ensure additional sccurity, a couple of yards of
the hemp corc of the rope are besides removed, and a
steel wire strand is passed through the cylinder, and
fixed by wedges x, y, as shown in the longitudinal
section, the steel wire strand being then put in place
~of the hemp core that has been removed, and the rope
twisted up again, when the knot and strand will be
found capable of resisting all the strains to which they
are likelv to be subiected whilst in work., |
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capable of withstanding heavy strains, is illustrated in
plan. and in longitudinal and cross sections in Fig. I11.
It consists essentially of two pieces which are held
together by joints and bolts or pins, or by means of
ordinary hinge joints, and is of a cylindrical form
when closed. This construction enables the said
~ carrier collar to be attached at any part of the-endless
rope after a suitable filling piece has been inserted

between the strands of the rope to form a swelling. -
#* ! ;

FiG. 11.—0tto Knot or Carrier Collar for Use with Locking Grips |
or Couplings. -

R

This flling piece is made with radial projections, and:
with spiral grooves, corresponding to the strands of
wire forming the rope, and is turned on the outside to .
exactly fit the recess in the outer cylindrical casing of
the carrier collar, R

The attachment of the carrier collar to the driving
or hauling rope is made by untwisting a sufficient
length of the rope and removing the hempen core or
interior for a length equal to the length of the filling
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~ piece, which latter is then inserted. The two halves
- of the carrier collar are then placed over the whole and
secured together by means of the joirits and the bolts
or pins. The radial projections of the filling piece
bear against the innér surface of the carrier collar
and thus prevent it from being displaced. To ensure
greater security and to prevent any movement of the
-filling piece in the rope, white metal or other suitable
alloy or composition may be run into the clearance
spaces. Elastic rings formed in halves may be placed
at the ends of the filling piece to cushion the force of
any violent impact,'and ensure its being gently trans:
mitted to the rope, thereby preventing serious injury

FiG. 12.~-Modified Form of Olto Knot.or Carrier Collar.

being caused to the latter by the gripper striking
against any one of the carrier collars.

- Fig. 12 shows in longitudinal and cross section a
slightly different arrangement of the above-described
- carrier collar. In this case the carrier collar is formed -
. in two parts or halves, provided with male and female
screw threads, and holes for the reception of a bar or
lever by means of which they can be rotated so as
to admit of their being screwed together and thus
firmly united. A filling piece spirally grooved to take

~ the strands is also fitted inside the rope, so as to form
an even enlargement or swelhng of the rope whleh‘

F - - -
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collar, when the latter are screwed together. In this
manner the carrier collar can be sccured to the rope
without the aid of any alloy, composition,’or cement,
When, however, a very considerable amount of strain
has to be sustained by the collars owing to'the work
demanded of them being of an exceptionally-heavy
nature, or from other causes, such alloy, composition,

Fia, 13.—Bleichert Knot or Carrier Collar for Use with Locking Grips
or Couplings.

or cement may be employed as an additional safe-
guard as in the case of the previously described
carrier collar. |
Bleichert forms the requisite knots or swellings
upon the driving rope by the use of a drum or thimble
such as that shown in FFig, 13, which is attached to the
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- manner :—A pc:-rtmn of the rnpe is untmsted to a
certain extent, and after cutting away a certain
- amount of the hemp centre or core this portion of the -
rape is well tinned. The drum or thimble is then placed
in pmmtmn upon the tinned part of the rope, as shown
in the drawing, and a taper pin is driven through
holes in the drum or thimble, and through the .rope,
. when, the ends having been closed by means of the
- split packing rings shown, and the taper pin havidy
been - withdrawn, tin composition or alloy is poured
through the holes, and the space left by the with-
drawal of the pin, &c., is filled up with the com-
~ position..

Pawl Locking Grips or Couplings.

" An excellent and simple form of pawl grip or
-coupling is shown in side elevation, plan, and vertical
~section in Fig. 14. It will be seen from the drawing -
“that this grip consists essentially of two correspnndmg'
and -similarly mounted -pawls, cach movable in a
vertical plane, and having a forked end adapted to
engage on each side of the knot, the amount of fall
“or drop, of which the pawls are capable, being limited
by a stop, and the hauling or driving rope resting on
a grnovéd roller located immediately below, and
centrally between the pawls. Pins or projections
upon arms on these pawls (see the plan view and
vertical section) engage with a guide rail fixed at
cach of the stations, and serve to throw the pawls out
of gear, and disengage the driving or hauling rope.
The apparatus is attached to a crosspiece of the
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14), and also in Figs. 15 and 20, and is equally
suitable for right or left handed wire-rope tramways.
The pawl grip which has just been described,
admits not only the connecting of, but also the dis-
connecting of, the driving or hauling rope to be
performed automatically. The arrangement for this

Fia. 14.—Dawl Locking Grip or Coupling,

purpose is shown in plan, side, and end elevation in
Fig. 15, from which it will be scen that relcasing. rails
are employed, which rails arc fixed at the different
~stations. Thesc rails raise both pawls (which fit over .
the rope like a fork) by coming into contact with
the rods. pins. or nroiections thereon and thewy age
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arranged in a similar manner for the arriving as for
the departing carriers.  The rails are located on one
side of the apparatus and commence about a yard
before the point at which the switch rail is inclined or
tapered toward the carrying rope, and they are placed
parallel to the switch rail. The height of the releasing
rail corresponds with the position of the pawls when
out of gear with the driving or hauling rope, and they

FiG, 15.—Arrangement for Automatically Conneeting and Disconnecting
Pawl] Grip.

are preferably bent downwards at either end to ensure
their getting under the rods, pins, or projections, and
gradually lifting the pawls as one of the carriers
approaches.  This rcleasing or disengaging action
takes place only when the approaching carrier has
“arrived on the switch rail, by which means the pushing
of the carrier on to the latter by hand is dispensed
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with. . It will be, however, necessary to push the
departing carriers off the switch rail on to the carrying
rope, but before the carrier approaches the driving of
hauling rope, the pawl will already have been lifted
by the releasing rail, and this rope, which is in motion,
can rest on the roller which is free to revolve, and
on pushing the carrier runner or trolley further on
the carrying rope, the pawls will drop. To more
certainly ensure the engagement of the pawls with the
- -driving or hauling rope, springs may in some cases be
- employed., | |
In operation the carrier having been moved along
the switch rail to the carrying rope, and the pawls
having been thrown out of gear, as above tlescribed,
- so0 as to allow of the driving or hauling rope being
guided and placed upon the grooved roller rotatably
mounted on the grip, the pins or projections are
released from the guide rails, and the pawls fall into
their operative positions. Anapproaching collar, knot,
or enlarcement on the hauling rope moves along the -
inclined surfaces on the pawls, and after raising and
~ passing the first pawl moves into the space between
the bolt and roller, and is gripped by the second
one, any further forward movement thereof being -
thereby prevented, The first pawl then falls behind .

the ‘collar, and the carrier is moved forward and is =

hauled to the following station, or the next releasing .
rail. a |

An alarm or signal bell is usually arranged to
sound on the approach of one of the knots, 50 that
the operator may push off and give a certain amount

of impetus to the carrier, and thus prevent an exces- .
" a - . » | ¥

T,
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knot and the grip. The uncoupling is effected by the
pins or projections engaging, as before mentioned,
with a guide rail, and raising the locking pawls out of

gear, thus allowing the knot to escape, and releasing
- the carrier, which moves off the carrying rope by reason
of its momentum, a tongued rail being usually pru~ -
vided for switching it into a siding,
" Loads of more than a ton can, it is said, be carried
with safety upon mountain lines up gradients as steep
--'as 11 1 by means of these automatic pawl locking
couplings or grips. |

An -arrangement has also been used wherein the
“hauling rope is held by the pressure resulting from
wedge pieces acting on inclined surfaces, which is said
to have given better results in the wc}rkmg of the
ropc.

Claw Locking Grips or Couplings.

A claw locking grip designed by Bleichert is shown
in Fig. 16, The driving rope is supported upon’a
‘grooved wheel or roller, and two forked bolts em-
brace the knot or carrying collar on the driving or

o hauling rope, one from each side, that on the side from -

which thg rope moves or travels being normally held
In position by a spring, but having an inclined face
“presented to an approaching knot, so that it will be
lifted by the latter, and will then instantly drop, and
thus confine the knot or collar between it and the

- second fork, which latter is fixed. These forked bolts
are attached to a casting or block which slides verti-
cally in guides in the framing, and is held in position |
by a suitable spring bolt. A projecting inclined face,
nlaced before the intended stonnine toint of +the

ke
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carrier, engages with the point of a hook piece, slightly
lifting- it, and thereby depressing the spring bolt
through the medium of an arm and another bolt (as
shown in the drawing); on further lifting the hook
the block carrying the forked bolts will be raised, and
with it the said two forks, so as to release the knot
or carricr, The spring bolt, which during this time is
between two projections, may
be disengaged by a piston, or
| lunger, and the whole of the
s sliding block or part be with-
drawnverticallyor again lowered, -
IFig. 17 shows two scctional
views ol a claw grip or coupling
which 1s also said to be very
advantageous for usc on steep
cradients. To the crossbar of
cach of the suspension frames or .
rﬁ - [k hangers of the carriers, a suit-
) I—— L1 able casting or frame is firmly
attached, 1n which a roller rota-

tably mounted, upon a spindle

1s designed to act as a guide and

Fio. 16.—Claw Locking support for the hauling ordriving.
Grip or Coupling. rope, when the bucket or other
reccptacle 1s uncoupled there-

from. In this roller is a recess or chamber for
o1l or other lubricant, which latter is retained in the
same by a screw plug, and passes on to the spindle as
required through a hole or oil-way; another screw
plug, by removing which the oil-way can be cléaned
out when necessary, is also provided. A spring which
encaces with ratchet teeth unon the head of the firmt.

J

iy it 1 4
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mentioned screw plug prevents it from shaking loose
and leaving the recess. Above the roller is a cross-
head supported upon springs, so that it may be moved
vertically in guides formed on the frame, and having |
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Fig. 17.—Claw Locking Grip or Coupling for Steep Gradients. .

attached to its lower side a forked gripper and a
sleeve, which latter carries another gripper which is
constantly pressed by means of a spring against. an #
cwardlv projecting rim or flange at the lower end of
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ing part of a spindle carried in suitable beatings in the
‘casting or frame above the crosshead, and having a
- projecting extremity upon which is fixed an arm or
lever, is also provided, and a stop upon a cover secured
to the said casting or frame, which stop serves to limit -
the movement of the arm or lever, T
" To couple or connect a truck to the driving or
hauling rope (which is kept constantly in motion) the
rope must be first placed on the roller, and the cross-
head lowered by turning the eccentric by means of its
lever, so that the grippers will be caused to engage -
with the rope, the springs being at the same time
compressced.  Carrier collars or knots are fixed at

suitable intervals upon the driving or hauling rope, - .

and on one of thesc carrier collars or knots approach- |
ing the gripping apparatus it presses against the in- -
clined surface on the gripper carried by the sleeve, thus -
lifting and passing the latter, and striking against the
other or second gripper. As soon as the carrier collar
or knot has passed the first gripper, the latter will be
forced down by its spring, and the coupling opera-
- tion completed, the whole apparatus, together with the
suspension frame and carrier attached thereto, travel-
ling forward with the driving or hauling rope.

To stop the carrier at any desired point or part of
“the line the grippers must be released, and this is
automatically effected, on arriving at the point at
which the stoppage is to take place, by means of a
fixed plate against which the eccentric lever strikes,
and by which it is forced back so as to turn the.
eccentric and permit the springs to act and raise the
crosshead, and with it the grippers, sufficiently high -

v allmvvar 4 g1 o 7.8 w
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. collar or knot to pass freely between the grippers and
-+ the roller. | |

| Carrier Receptacles or Vehicles.

- The carrier receptacles, whether for goods or pas-
~-sengers, which are suspended from the trucks or
runners by mcans of frames or hangers, are of various

- patterns. Those intended {or materials and goods are

of course made in a number of different forms and

A

-

© F1u, 18.—Fixed Cylindrical IFic. 19.—Tilting or Tipping
Recepiacle or Bucket with Cylindrical Receplacle or
- Hinged Opening Bottom, - Bucket,

~ sizes, being usually, indeed, specially designed to meet’
" the requirements of the material, or goods, to be
- transported, and of the particular installation, Under
these circumstances it would be obviously impossible
to do more than briefly describe a small selection of
~carriet receptacles of the descriptions most generally
employed. |

" Ta caommence with carvier recentacles fae minatrale
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transported on wire-rope tramways, Figs. 18, 19, and
20 illustrate three forms of receptacles, skips, or buckets

L.

. 2o, ?!

I1G., 20. —Sheet-iron Tilting or Tipping Rectangular Receptacleor Bucket,

employed for this purpose. Those shown in Figs. 18
and 19 are respectively a fixed cylindrical bucket with
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hinged opening bottom, and a tilting or tipping cylin-
drical bucket, both of which types are, with certain.
- modifications of shape and size, very frequently em-
ployed. © Fig. 20 illustrates a sheet-iron tilting or
tipping rectangular bucket, fitted with special tipping
arrangements as shown in the drawing.

Fig. 21 shows a produce carrier receptacle, which
consists simply of an ordinary basket, the shape and
dimensions of which may of course be varied to a
considerable extent according to circumstances. This
receptacle is suitable for the transportation of farm and
garden produce, manure, coke, &c.

FiG. 21. | Y45, 22, Fia. 23.
Produce Carrier Cradle Sack Sling Sack Carrier,
Receptacle. Carricr.

Figs. 22 and 23 iltustrate two arrangements for
carrying sacks of flour, coal, &c. That shown in Fig.
22, which is made in the form of a cradle, and js
adapted to support the sack in a vertical position, is
a pattern employed to a large extent at coal depots
for the purpose of supplying passing stcamers with
fuel, in which cases it is usual to sell the coal by the
sack as a ready method of estimating the quantity
~ supplied. The carrier receptacle shown in Fig, 23 is
~ one of the ordinary sling type,
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Fig. 24 shows a carrier receptacle intended for the~
conveyance of textile goods, and is a sample of a type
much used on acrial or wire-rope tramway installa-
tions erected at textile factories in the Manchester
district and clscwhere. The closed box-shaped re- -
ceptacle illustrated admits of this class of goods being
-carried from place to place without any danger of thcir
being injured by exposure to the weather, .
| }*lgs 25 and 26 show two arrangements eemmenly
used for carrying casks. That shown in Fig. 25 isthe

IEFIRELER
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Fia. 24, Fi:, 25, 16, 26. -

Textile Goods Carrier  Sling Cask Carrier.  Gtmpowder Cask Carrier.
Receplacle, .

form of sling usually employed for casks centaining“, '
cement, petrolcum, wine, becer, &c.  That shown in
SldE and end elevation in Fig, 26 -is . the type of
cartier employed at the gunpowder magazines belong-
ing to the British Government, where they are used
for transporting gunpowder casks on a wire-rope.

tramway from the magazine to the examining house,
which latter is situated at a distance of about a quarter' ;

f\r | ‘I'l"'l‘l]ﬂ r-l-'nﬁ"i 'i'-"\n -'r..-' 2l B e L &l T . L
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_ Fig. 27 shows in side and front elevation a device
for transporting sugar cane. The cane stalks are .
- placed, as depicted in the front elevation, in a double
hook, forming a species of cradle, the capacity of -
which will of course vary according to circumstances, =
_the loads ranging from 1 to 4 cwt. The cradles are
“usually so constructed as to discharge their load upon -

- the striking of a catch.

- Sometimes the space between the arms of the hooks ~
“is filled up with wire netting so as to prevent any short ~
lengths of cane from falling through.

Fii. 27.—Bugar Cane Carrier

Motive Power.

The motive power for use in connection with wire-
‘rope tramway lines may be derived in some cases,
~where the working conditions permit of this arrange-
ment being used, from the force of gravity 'dcvelﬂpeg
by the descending loaded carriers. In other instances
water, steam, animal, or other power may be employed,
‘and in the case of lines on the fixed carrying rope
system more especially, electricity may in some cases
be advantageously utilised as a motive power, what
is known as telpherage being the arrangement that it
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The most suitable type of motive power and the
best method of applying the power to drive the line .
are naturally to a great extent governed by the special
features of cach particular installation. Some plans
of driving that have been used will be found briefly
described in the accounts given in subsequent chapters
of the various typical installations that have bcen
erected at different parts of the world, and a descrip-
tion of the telpher system will be found in the next
chapter.

One arrangement for driving endless wire ropes
that has formed the subject-matter of a patent, consists
in an arrangement of two pulleys loosely mounted on
the driving shaft and driven by bevel or mitre gearing.
Two independent pulleys are also mounted on another
shaft, and a pulley on a tension carriage. The wire
rope is wound round the driving pulleys and the
independent guide pulleys alternately, after which it
passes round the pulley on the tension carriage and
to line,

In a special form of grooved driving drum, around
which the rope or cable is wound, the grooves arc
formed in independently rotatable rings, which latter
are prefcrably madc of wrought iron or steel. The
first ring is fixed to the flange of the drum by bolts,
and the others are kept thereon by a movable flange
or platc bolted to the rim of. the drum. In another
modified arrangement of the above one or more.
grooves are fixed, whilst the other grooves, and all
the grooves on the loose pulley, are carried in rings
capable of rotating on the drum independently of the
shaft.

Fig, 28 illustrates a method of driving devised some
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ten years ago by Bleichert. Loosely mounted upon
the same shaft as the driving wheel or pulley, is a
second or other wheel or pulley of the same diameter,
round which, and a horizontally mounted wheel or
- pulley, the endless driving, running, or hauling rope is
passed. This horizontal wheel or pulley is so mounted,
as will be seen from the illustration, as to be capable
of sliding between guides, and a weight attached
through a chain to this wheel maintains the rope taut,

oy

/ //%///// 0 é,,mzﬁ .

Fig, 28, —Bleichert’s Arrangement for Driving Wire-Rope Tramway,

A windlass is also connected to thc chain as shown,
which admits of the cable or rope being slackened,
and likewise prevents the fall of the abmv -mentioned
weight in the cvent of the rope breaking.

The cheapest method of working an aerial or wirc-
rope tramway is of course the force of gravity, which
plan can be adopted on the endless rope system or on
the double fixed carrying rope system where the
gradients admit of the loaded carriers being run down
from the upper to the lower terminal of the line. whilst
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at the same time the empty. carriers, or the latter

loaded to a lesser degree with such materials or stores

- -as may be required at the upper terminal, are hauled

"up. Such lines can be worked autﬂmatlcally where
the gradients do not exceed 1 in 10. Power has
occasionally to be applied to a line of this description’
where the inclines are very steep in order to regulate
the speed with which the loaded carriers travel down
the line by gravity. In ordinary cases, however, in
which the inclines are severe enough to call for control,
but are not excessive, the speed of the descending
carriers can be sufficiently governed by means of auto-
matic brakes,

Attempts have been made to design lme:s upon
which the loaded or empty carriers can be run in both
directions by the force of gravity. The limited capa-
bilities and consequent few possible advantageous
applications of any such arrangement are, hﬂWEYQ!',‘
very obvious, - |

The following is a brief description of a lme"l)f thls’_
kind.. At each end or terminal a strong standard or
support is erected, to which is centrally pivoted a lever

provided with wheels or pulleys around which a con-
tinuous or cndless wire rope is passed. This rope is
permanently attached at one place to one of the levers,
and the lower stretch of rope is provided with tighten-
ing devices. The carrier is suspended from a pulley
or grooved wheel running upon the upper stretch of
rope. This arrangement enables one of the levers to
be raised into a vertical position whilst the other-is in
a horizontal position, so that the wire ropeway will
become inclined to the latter end, and the carfier run

e | N - ™ ...L - l"_ e e e _-] L_J. -—.-J_IH.":L'- I L..ir-h. “.ﬁ.-ﬁ:tlzn-h ’
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of the levers may then be reversed by means of suit-

able gearing operated by hand or power, and the wire
ropeway becoming oppositely inclined, the carrier will
again return under the action of gravity to the start-

ing point, and so on ad infinitum. For carrying goods,

auxiliary line attachments passing over rollers at the
stations are preferably provided, and a vehicle  for

workmen, it is said, might also be hauled by another

driving rope over the lower stretch of ropeway.

‘Another arrangement for attaining the end in
question, and that most commonly employed, is to
secure the rope or cable at one or both extremities to
a running block, frame, crosshead, traveller, or carriage,
capable of being moved vertically on the post or
support, by means of a hand-power windlass or crab,
steam winch, steam or hydraulic cylinder, &c.

The necessary difference in the elevation of the

rope or cable forming the line or track is also frequently
effected by means of ordinary derricks.
- Next in point of economy to gravity comes water
power, but it is naturally comparatively seldom that
the location of the line is such as to admit of its use.
Wherever this is possible, however, it is invariably
employed with great success. |

A somewhat curious form of motive power, which it
has been proposed to utilise, is the ascensive power of
‘a balloon. A truck or runner with grooved wheels to
engage with both the top and bottom of the carry- =
Ing rope is to be used, and to a.link on the upper side
of this truck the halloon is to be secured, whilst the
carrier is to be suspended from its under side, On
rising ground the carrier would, it is averred by the
projector, be hauled up the incline by the balloon,
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which would have a tendency to ascend. On level

ground he states that by leaving the rope slack, so -

that the balloon might rise, it would in so doing haul -

the carrier along the rope, after which it would have

to be drawn down, and a fresh start made. . |

The balloon would evidently have to be transferred

to another carrier, as also the load, at the termination

of each section of rope, and the use of the balloon in

high or contrary winds would be a matter of great

difficulty, if not totally impossible, an obstacle which

‘would be sufficient in itself, without mention of the
“numerous other objections, to render the plan imprac-
ticable.



CHAPTER III

- ELECTRICALLY DRIVEN WIRE-ROPE TRAMWAYS_—
TELPHERAGE.

THE advantages derived from the system of carrymg
loads in the air on wire- rope tramways, or aerial rnpe-
ways, no matter how driven, have been already suffi-
ciently set forth, but the use of electricity for driving
affords in many cases some further advantages of .
importance over other applications of motive power.

Telpherage, which is the method of applying
electricity to which it is purposed solely to confine )
this chapter, has many specific advantages over other . -
electrical systems which will be detailed later on, not
the least of which being that a very effective and per-
fectly automatic block system is provided, the passing
carrier forming its own electrical connections, and no
carrier being able to get within a certain predeter-
mined distance of that in front of it. |

An’ obvious advantage possessed by electrically
driven installations generally, especially in the case of
those of any considerable length, is the dispensation
of the running or travelling driving rope, only the
fixed carrying rope or ropes bemg required,
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usage, a course of treatment which the delicate and
complicated arrangements of electrical devices are but
ill adapted to withstand, and consequently when in
the hands of rough and unskilled attendants, the
installations, although perhaps more or less perfect
“theoretically, are apt to go wrong, and to give so much
trouble as to render their use almost impracticable,
Electrically driven wire-rope tramways are therefore
only advantageously applicable in certain special
cases where due care in working can be exercised,
and where skilled labour is readily available for keep-
ing them in proper working order.

Telpherage.

To Professor Fleeming Jenkin, M.I.C.K,, a gentle- .
man who died in 1885, is due the credit of both
inventing and perfecting an ingenious system appli-
cable for electrically driving aerial tramways to which
he gave the name of telpherage, and wherein the
transmission of the carriers or vehicles by electricity
to a distance is effected independently of any control
exercised from the carriers or vehicles themselves.

The special advantages inherent to the telpher
system of driving are as follows:—-The conductor
being insulated and only connected with the rubbed
wire ropeway when a train or carriage is in the
vicinity, the section of the line behind the train will
consequently be incapable of leakage, owing to its
not being connected with the dynamo machine, and
only the particular section which the train happens
to be connected with will be capable of leakage.
Another important advantacse due to this svstem of -
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ensures an absolute block system, for say, if, by way
of example, a tramway line were supposed to be
divided into three sections, and a train be on the
second one, no electricity would be given to the first
‘section at all, the current being cut off by the - first
train on the sccond section, and a second train on the
first section being by a simple electrical device pre-
vented from getting any electricity until the first
-train should have left the second section, and in like
manner the second train being prevented from get-
_ting- any electricity on the second section until the
first train should have left the third section, and so
on, a section being thus always interposed between
each of the trains, and the following train being pre-
vented from approaching within a specific distance of
“the first or lcading train,

This action takes place automatically, and no driver
is requircd to the separate trains, which are forced to
retain a certain order, and the stoppage of one train
will automatically arrest all the following trains at a
certain distance from each other, by both removing
the source of motive power therefrom, and also by
applying very powerful brakes,

Original System of Telpherage.

Briefly, the system as first introduced was as
follows :—Wheels were arranged to run along a
strained rope or cable through which passed a
current of electricity, and which formed the way or
road of transport, the loads or carriers being hung
below suspended from the axles of the wheels, and
the rope or cable supported at sutitable intervals on
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was supplied to the rope or cable from a station, so -
that the electro-motors upon the trains should be

electrically connected in series through the conductor.
In one arrangement a break in the electrical con-
tinuity of the rope or cable was made at each post or
standard, and the sections were insulated from each

other and from the earth, but the sections were elec- -
trically coupled together by movable coupling pieces.
. Including the electro-motor and attached vehicles,
the length of a train exténded to about that of a.

section of the wire ropeway. By arranging a coup- -~
ling piece to be thrown out of action by a passing.

train, the electric current could be caused to flow, by
~a conductor on the train, through the electro-motor . .

by which the train was drwen The power gﬂﬂﬂfﬂt.ﬂd

being calculated so as to be more than sufficient to.

maintain the maximum speed required, the lattér

could be regulated, through a balanced centrifugal

governor driven off one of the motor shafts,~this

governor being provided with a slider which was

capable of engaging springs so that the electm-_“
motor should be cut out when a certain predeter- -

- mined rate of spced had been attained, whilst. at a - |

still more accelerated velocity a brake would be -
applied. o
To prevent excessive sparking, a device cﬂnmstmg
" of a double spring was used, one member of which
was arranged to form contact with one terminal,
~ before contact with the other one should be broken.
The same object, however, could also be attained by
“throwing in excessive resistances. :
In order to prevent a following train from approach-
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was mounted on the top of each post or support, which
electro-magnet had a lever armature, and a re-action
spring to act as a circuit closer. The wire which
excited the electro-magnet came from the contact
made by the before-mentioned switch lever that had
been pushed aside, or the coupling piece that had
» been thrown out of action by the passing of . the
_electro-motor, and belonging to the preceding in-
sulator. At such time as the armature remained in
contact with the core of the electro-magnet, the pre-

" - ceding section of the wirc ropeway would be in
- . “electrical communication with that in use. This con-

~_ néction would be maintained between the sections
for.a certain distance behind the train, quite inde-
_“pendently, it might be, of the movable coupling
pieces, and the break in the electrical circuit between
the sections, which was absolutely necessary in ‘order
to . convey clectric power to a following train, would
consequently not be in existence.

Another arrangement sometimes employed in place
of the above consisted of two conductors placed. side
by side and divided into sections, so that the break in
one would be at the middle of the other. At such
time as no train was passing, the current crossed
backwards and forwards between the conductors by
movable coupling pieces. - A passing train, hawever,
- established connection through its electro-motor by
moving each switch lever in succession, and im-

‘mediately before each switch broke the cross con-

‘nection, it made contact with a supplementary wire
~which worked the electro-magnet of the switch last .
onened Bacle infa ite normal nneitinon and fae on
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being never broken, no sparking could take place.
The same electro-magnets might be arranged to
form a blocking system, but a supplementary wire
and electro-magnet were preferably employed for this
purpose,

Improved System of Telpherage.

-~

The system was subscquently improved.by Professor

Jenkin, more particularly as regards the driving
mechanism, and that for rcgulating the speed of
motion, that is to say, for securing a constant rate of
motion, and a definite minimum interval.
- To regulate automatic electrical transport it is
desirable, in the first place, to adjust the speed of
each vehicle or train to a given rate, so that the line
may be filled with vehicles all running as nearly as
may be at one rate, but inasmuch as it would be
obviously impossible to make this adjustment of
speed absolutely perfect, and since accidental delays
or stoppages may occur, it is necessary to check any
vehicle or train which may approach too near the
preceding train. The minimum distance behind the
preceding train at which the check would be applied
will in the following description be spoken of as the
minimum interval, _

As regards the means for securing a definite mini-
mum interval. In effecting the transport of goods or
passengers along ropes by the aid of electricity, it is
desirable to regulate automatically the distance be-

~ tween successive trains or single vehicles, and this
distance may frequently be much smaller than would
be allowable in the case of trains or vehicles driven
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- A number of methods have been proeposed by which
the minimum distance would be determined by
automatic blocking, some forin of key or electrical
switch being required to be fixed at frequent intervals
along the line, the mechanism of these electrical
switches or keys being worked partly by the direct
mechanical action of a passing train and partly by
electrical devices. The following are methods for
‘determining a minimum space intcrval between trains
or single vehicles which require no special keys,
switches, or other moving parts fixed on the line, and
are especially advantageous in cases wherc the interval
between the trains or vehicles is to be small, inasmuch
as they avoid the multiplication of the delicate and
complex pieces of apparatus requiring fr&qu&nt
" inspection,
| These improvements arc applied to the series
system, which has been previously mentioned, in
which system a single main conductor broken up into
sections of cqual length is used, and the train 1s of
the same length, or nearly so, as cach section.

The desired block or minimum interval is secured |
in this system, by fixing a series of detached insulated
wires or other conductors, called block wires, along-
side the main conductor. In the simplest arrange-
ment thesc wires arc each of the same length as the
sections into which the main conductor is divided,
and they begin and end at the breaks in the main
conductor, A rubber is provided at each end of the
train placing each block wire temporarily in connec~
tion with that part of the main conductor which is
alongside it. The connection at the leading end of
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- cross connection, and the connection at the trailing end
of the train the trailing cross connection. The trailing
Cross connection is a simple wire or other conductor,

- The leading cross connection includes the coil of an
electro-magnet the armature of which is held déwn

- when a current passes, and is released when no

- current flows, and the movement of the armature when
a current passes is made to arrest the train, This
electro-magnet will be called the block  electro-
magnet. This could be effected in various well-known
ways ; for instance, mechanically, by allowing a break
to act; or electrically, as by cutting out the electro-
motor on the train, or by short circuiting this electro-
motor. These or any other desirable electrical or

A ] 3 -
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F1G. 29.—Blocking Arrangement for a Telpher Line ﬂn the
Series System. “ |

mechanical actions could be produced directly,.ﬂr"
they could be produced indirectly by the help of a
relay. So long as only one train be on a given

~ section the block electro-magnet remained inopera- .

tive, but if the leading end of a train were to enter.
on a section still occupied by the trailing end of a
- preceding train, a derived current would flow through
the trailing cross connection of the preceding train,
the block wire, and the leading cross connection of
the following train, the electro-magnet of the folow-
-ing train then acting to arrest that train until the
preceding train had cleared the block wire, and the
following train would then be driven as before. This ’_
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Fig. 29, wherein the numerals 1, 2, 3, 4, indicate
sections of the main conductor to _be connected and
disconnected by switches ; a, 4% &°, &% the block wires
each of the same length as the GEthGI]S into whlch
the main conductor is divided; A and B two trains; L
and L' the leading cross cmnnectmns, and T and T* the
trailing cross connections. The train B is blocked
by the action of a derived current flowing through LY,
-a% and T,

- This simple form is especially applicable to telpher-
age where the line is intended to convey light vehicles
following each other in rapid succession. The block
wires will check any train which tends to gain on
those which precede, but, if by accident a train were

~ to stop so that its trailing wheel had only just entered
upon a new section, the following train might run into
it, for the second train experiences no check until it
enters on the section which is occupied by the trailing.
wheel of the preceding train. In order, therefore, to
prevent this, and to make the block act with a:
minimum interval equal to that of one section of the
main conductor, each block wire is extended or pro-
longed behind the section it is intended to protect,
and is made twice the length of one section of the,
main conductor, To facilitate description the half of
each block wire at which the train first arrives will be
- called the second half of the block wire, the other

~ half of the wire the first half,

. The leading cross connection rubber puts the main
“conductor into connection with the second half of

"~ one block’ wire. The rubber of the trailing cross

connection puts the next section of the main con-
ductor into connection with the second half of the
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next block wire, and also with the first half of a third
block wire.

The leading cross connection comprises the block
electro-magnet, and when a following train overtakes
a preceding one, so far as to enter on the section next
to that occupied by the trailing wheel of the preceding
one, a derived current flows from the main conductor
through the leading cross connection of the second
train, a block wire, and the trailing cross connection
of the first train, back to the main conductor. This
current would continue to flow if the second train be.
forced forward into the same section of the main
conductor as is occupied by the trailing wheel of the

Fic. 30.—Blacking Arrangement for a Telpher Line with Minimum
Interval equal to one Section of the Main Conductor,

first train, but the block wirc employed will have
changed.

In the arrangement shown in the diagram, Fig. 30,
‘the block is made to act with a minimum' interval
equal to the length of onc section of the main con-
ductor. As in the first diagram, 1, 2, 3, 4 represent
“sections of the main conductor, @, f‘IE @, a*, a5 block
wires twice the length of one %cctmn nf the main
conductor, and arranged by crossing, as shown in the

diagram, to make the connections with the leading

and trallmfr cross connections L and T. The train R is
in this case blocked by a dC‘I'lVE‘:d current through T,
a* and 1.
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This device may be likewise employed to make the
minimum interval twice, three times, or # times, the
~length of each section of the main conductor, for which
purpose three, four, or 241 blﬂck wires will be required
respectively.

Should a polarised electro-magnet be used as the
block electro-magnet, the trailing cross connection
may be that which connects the conductor with only
one block wire, while the leading cross connection with
the polarised clectro-magnet must then be in connec-
tion with # block wires, Thus, in the diagram Fig. 31,
an inversion of the block wires and cross connections.is
shown, which is an obvious equivalent for the arrange-
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Fic, 31.—Blocking Arrangement for a Telpher Line with Inverted
Block Wires and Cross Conncctions,

ment last explained. The loop in the leading cross
connection in this and some of the following diagrams
represents the block electro-magnet which would re-
" quire to be polarised, that is to say, only to cut out
the motor when the current runs in one direction,
otherwise in the position shown in Fig, 31 both the
trains would be stopped.

Analogous cross connections, rubbers, and block
wires are used when the general system of transport is
on the parallel arc system, in which there are two main.
conductors maintained at different potentials, and suc-
cessive trains or vehicles are driven by electro-motors
each of which establishes a connection between .what
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may be termed the positive and negative main con-
ductors, the wires of . the successive electro-motors
being consequently all in parallel arc between the -
main conductors, |

To apply the arrangement in its simplest form to
the parallel arc system, the block wires must be a
series of equal insulated conductors, which may be of
any length, and each block wire overlaps that which ~
follows and that which precedes it to the extent of
half their length. The half of each block wire which
precedes the other looking in the direction in which
trains pass, will be designated as the first half, the
other portion as the second half.

The trains or vehicles which require to be protected
have each two rubbers insulated one from the other
and placed opposite each other at the same -place in
the train or vehicle, One rubber is always connected
with the positive main conductor and the other with
the negative main conductor, the one called the lead-
ing rubber, although it does not precede the other,
putting one main conductor into connection with the
second half of a block wire alongside the main con-
ductor ; the other rubber, called the trailing rubber,
putting the other main conductor in connection with
the first half of a block wire alongside the main con-
ductor. These two connections are called the leading
and trailing cross connections, and the leading cross
connection includes a block electro-magnet which acts
in a manner analogous to that required for theé series
system, When the leading rubber of one train enters
on the second half of a block wire, the first half of
which is connected with the trailing rubber of a pre-
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following train, for a current will then flow from one
- main conductor to the-other, from the trailing rubber
of the preceding train, through the hlock wire and the
- leading rubber of the following train, and when the
preceding train leaves the block wire the following
train will be freed. )
“Anapplication of block wires to the ordinary parallel.
arc system is shown in the diagram Fig, 32. pPand N
here indicate two continuous conductors, the motor
which propels the train being driven by a current
passing from P to N by means of .rubbers which con-
nect the motor with these rails or main conductors.
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F1G. 32,—Blocking Arrangement for a Telpher Line on the
Parallel Arc System,

A and B represent two trains supposed to be driven in
‘this way in the direction shown by the arrow. 4, 42,
.a% a* indicate block wires which are arranged as
shown, and the lcngth of which is net determinate,
but whlch block wires are habitually equal to one
another, the first part of one being necessarlly equal
to the second part of that which precedes it. - T, T!, |
and L, I! indicate the trailing and leading cross con-
nections, and it is obvious that the train B will be
blocked by a current flowing through T, @2 and L. It
is usually necessary in each block wire to insert some

- - piece of material such as carbon to prev&nt the pas-
sace of an excessive current
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When this simple method is applied to telpherage,
however, it does not form a perfect guard to the pre-
ceding train, for if the following train were to over-
shoot one-half of a block wire the block would be
removed and a collision might occur. Thus in the
diagram under consideration it will be seen that
should the train B, notwithstanding the block, move-
on until L! leaves @* and touches a?, the block will be
removed ; the block is therefore in this plan nnly
ﬂperatwe for one-half of the block wire.

The above defect might be practically obviated by
making the block wires so long as to render this over-
running highly improbable, or the block could be
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F1G. 33.—Blocking Arrangement for a Telpher Line with a Thlrd
Overlapping Bluck Wire,

rendered more cfficicnt by increasing the number of
the block wires. For example, if there be three over-
lapping block wires instcad of two, each block wire
will then consist of threce parts, which may be denomi-
nated the first, second, and third part respectively,
The leading cross connection will then join one main
conductor, through a block electro-magnet, to the third
part of each succcssive block wire, and the trailing
rubber of the train will join the other main conductor
to the first part of one block wire, and the second part
of the next. A following train will then be blocked
by a preceding one, so long as the second train is
nassine over two-thirds of the lencsth of a black wire



TELPHERAGE.. = 81

and- will' only be released when within ore-third- of
‘that length. An arrangement in which a third block
wire is used is shown in the diagram Fig. 33, + -
~When four overlapping block wires are used the
block electro-magnet will act for a distance equal to
three-quarters of each block wire, and, by increasing
the number of the block wires, the fraction of the .
lefigth during which the block will operate can be °
increased at will. A simple method of carrying out
this arrangement consists in placing the block wires
obliquely between the two parallel main conductors,
and letting the trail-
ing rubber be broad
“enough to make con-
tact with all but one.

Both in the case of
-the parallel arc and

SCries E}J stems, t.hE: F1i. 34.—Arrangement of Block Electro-
block will be quite  Magnet for Preventing Train from

independent' of the Backing mto a Following One,
direction in which the o
“preceding train may have been moving, but if the pre:
ceding train has been moving back upon the following
train, although it will stop any following train, it will not
itself be stopped. In telpherage, however, this backing
is practically never required, and, morecover, a backing
train can be automatically prevented from running inté
or colliding with a following one, by arranging the
mechanism so that when any train runs backwards,
a block clectro-magnet will be automatically inserted
in what is properly the trailing cross connection.

A method of effecting this automatic insertion is
shown diagrammatically in Fig. 34, and consists in

<

il
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having two frictionally geared wheels, A, B, lightly
pressed together, A being driven by the movement of
the train so that its motion will be reversed when the
train backs, and B having a contact piece by which
the block clectro-magnet will be cut out, or put in.
The friction will lift this contact piece during forward
motion but will depress it should the movement of the
train be reversed., _.

To work the parallel arc systcm with a smgle rope
for up trains, and a single rope for down trains, the
single conductor which forms the circuit must be

crossed alternately from the up to the down line, so
~ that when the conductor charged positively is on the

L_%,;’ = Y. + ,_EL’.L__D
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F1G. 35.—Arrangement of Conductors for Admitting of a Line on the -
Parallel Arc System being Worked with a Single Rope,

up side, the conductor charged negatively will he on
the down side, and vice versd. The up and down lines
are divided into scctions of equal length, as in the
series system, and the train should be of the length of
-one section or nearly so, the leading end of the train
being, say, on a positive section and the trailing end
on a negative section. Fig, 35 illustrates diagram-
matically a special arrangement of conductors by
which the parallel arc system may be worked with a
single rope for up trains, and a single rope for down
trains. N, I, arc two continuous conductors insulated

from one another, and maintained at different poten-
tials bv a dvinamo ac inn the arrancemente chourn S
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Figs. 32 and 33. These conductors are divided into
‘equal lengths, as indicated at 1, 2, 3, 4, and 5, 6, 7, 8

-+ 'so supported that 1, 2, 3, 4, &c,, will form a single road

along which a train having a row of single wheels can
‘run, and 3, 6, 7, 8, &c., will form a second similar road.
- The electrical cross connections, 1, 7, 3, 5, which cause
N to be a continuous conductor, and §, 2, 6, 4, which
cause P to be a continuous conductor, are shown by
“dotted lines. These conductors or ropes are supported
by brackets and insulators on each side of ports placed
at ¢!, &4 &, ¢4, &c.
. From the above it will be clearly seen that if trains,
similar to those first described for the series system,

ey s e e N

FiG. 36.—Maodificd Arrangement of Block Wires where one Road or
Way with Alternate Positive and Negative Sections.

are placed on these roads or ways, they will be driven
by the currents flowing through the rubbers and move
from one section to the next, as from 4 to 3, of from
6 to 7, onc rope being used as an up line, and the
other as a down line, A picce of solid insulated
material to carry the weight of the wheels 1s usually
placed at the gaps, so that the wheels in passing shall
not short circuit the conductors, or the same danger
may be provided against by insulating the wheels, and
lifting the rubbers by a cam at the moment of passing
the gaps. This plan of driving combines the ad-
vantage derived from the use of the single rope with
the advantage resulting from the absence of all
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Fig. 46 is a diagram shuwmg another method of
| applymg the block wires to this arrangement of driv-
“ing, where only one line of road or way, with the
sections alternately positive and negative, is used. The
action by which the train B will be blocked in this
example will be obvious from previous descriptions.

In the plan shown in the diagram Fig. 37, the train.
A will block the train B when the leading wheels of .
B reach a scction already occupied by the trailing -
wheels of A. In this arrangement the leading and
trailing cross connections are both placed at the be-
ginning of the train, but the current through T does
not pass through L.

S — &@L ‘——
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I'IG 37.~~Blocking Arrangement with the Leading and Traﬂmg Crnss .
Connections placed at beginning of the Train,

The two latter arrangements may be combined, and
may be reduplicated so as to protect sections situated
further back. ,
- By the term block electro-magnet is meant any

contrivance set in action by the passage of an electri-
cal current, and having for its object the checking or
arresting of the electro-motor with its train or single .
vehicle. The simplest method of checking the train
1s by cutting out the motor on the parallel arc system,
and by short circuiting it on the series system, or in
the latter system thc motor may be cut out and the
circuit joined up without short circuiting the motor,
as shown in the diagrams, and the carrent may be
emploved to start a subsidiarvy electro-mator which
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puts on a brake which is released when the blocking
- current ceases, the block being put in action by means
of block wires and trailing and leading connections,
and no switches, keys, or electro-magnets being used
-.on the permanent way.
 In cases where the carriers or vehicles are arranged
for the conveyance of persons, the system of blocking
allows the guard to sec when he is overtaking another

FiG. 38.—Method of Mounting Block Wires in Line on
‘Telpher System. -

train or is being overtaken by it. This he can do by
observing whether a current is flowing through either
cross connection. The guard can also test the action
“of his own mechanism by temporarily completing a
- circuit through leading and trailing rubbers and block
wires. For instance in Fig. 32 if, by a supplementary
insulated metal rubber, the guard joins @ and a? his

a . == x4 2 u a2 2 ¥ L 4 4 4 » -
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through the two main rubbers of the block system,
and the block electro-magnet. It is evident that this
mode of checking trains would form a convenient
" brake as well as a mode of testing the apparatus. |
A convenient method of mounting the block wires
is shown in side and end elevation, and in plan in
Fig. 38. Metal supports are fixed by the side of the

F1G. 39.—Contact Maker or Circuit Closer for Line on Telpher System,

_—

line, on posts, or brackets, in any convenient position.
Each of these supports carries six vertical pins, and
on these pins pottery ware insulators are fixed. The
heads of these insulators are cylindrical, and they are
arranged to receive metal caps. To four of these
caps the block wires, which are strained between the
supports like ordinary telegraph wires, are securely
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down over the curved head of the cap,.and is twisted
and securely fixed around the body. A cross con-
nection couples two of the wires together, whilst the
other two terminate at the support, The contact
maker or circuit closer is provided with bearers to
lead it without concussion from wire to wire.

.This circuit closer takes the form of a carriage, and
it is shown in side and end clevation and in plan in
Fig. 39. It consists of metal frames connected by
crossbars, and provided with metal wheels which run
on the wires, and the carriage serves electrically to
connect the wires on which it stands. Side rollers are
‘also provided to prevent the carriage running off the
wires. A light rod not shown in the drawing forms
the connection between the carriage and the train:
drawn by the electro-motor.

This device connccts together thé parallel wires on
which it stands, which is what is desired in one of the
connections. In the other connection, however, it is'
required that contact should be made with the wires
on one side only, and for this purpose the carriage is
so made as to insulate its two sides, the crossbars not
being fixed directly to the metal side frames, but to
insulators like those shown in Fig, 38, which are -
carried on vertical pins provided for them upon the
side.frames,

To regulate the speed at which the train when
unchecked will be propelled, that is, to provide means
by which the speed may be maintained.constant or
adjusted independently of variations in the resistance
to be overcome, or in the source from which the
electrical energy is derived, or in the circuit, or in the
number of trains to be driven by that circuit, without
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-the use of 'a relay or an electro-motor, the device
“illustrated ‘in Fig. 40 is employed. A, B, C are three
- wheels so geared that A will drive B, and, if the axis
of B remains 5tatiﬂnary, B will drive C. If, however,
the motion of ¢ be resisted by a force exceeding a
given adjustable amount, ¢ will remain at rest and
the axis of B will be displaced, an arrangement in fagt
of differential gearing. ¢ is connected with some
‘resistance such as that due to a fan, a centrifugal
brake, a pendulum, or the flow af
water through an orifice, so regulated
that the resistance will increase with
the speed at which the machine to be
governcd happens to be running.
Another resistance is also opposed
which may be constant or nearly so
to the motion of the axis of B, and to
" F1G. 40. -the latter is attached a make and
-Device for Regu- break piece or commutator, or other
lating  the Ln- means of controlling the eleetrical
checked Speed of ' ‘ .
Trains on Tel. CcUfrent-supplied to the motor, in such
pher Line. a way that, so long as the axis of
B remains at rest, the full driving
current will pass through the motor, but when,
with the increase of speed, the resistance to the .
motion of C also increases, and the axis of B moves,
this motion will break the circuit, or reverse the con-
nections, or move the brakes, or short circuit the
motor, or throw in resistance, in fact the motionwof B
15 used to effect any dESIFﬂb]E change in the electrical
connections. ' Lo _
Upon the speed decreasing 50 that the resrstance to

i T - . T SR |
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‘amount, the axis of B will return to its former position |
under the action of a spring or weight, by which its
motion is resisted, and the current will be supplied as
. before, --
Preferably the axis of B is arranged to move be-

tween two fixed stops placed at a considerable dis-
tance apart, in order to avoid continual interference
‘with the circuit when running at nearly the normal
_speed, and the make and break piece attached to B is
so arranged as only to alter the circuit when near to
~ either of the two ends of its travel. S

- Referring to the illustration, A and C are the pitch .
lines of two wheels externally and internally gearing
with the pinion B. A and ¢ are concentric but not on
same shaft, or one of them is mounted loosely upon
the shaft. B is centred on the arm D which is pulled
against a stop by a spring s. A is driven by the
motor to be controlled. C is resisted by any resist- -
~ance which increases with the speed, as by a fan,
‘centrifugal arrangement, or water governor, so that at
a certain speed the arm D will begin to rotate round
the centre, and will work a make and- break piece ,
or a commutator M, or any other electrical device.
The make and break piece 7 may have a slot in it, as
shown, so that the pin indicated only moves it to or
fro when the arm D is near the end of its travel,
~ Asaruleitisdesirable that the change of mechanical
- resistance to the motion of ¢ should change largely
withka small change of speed at the critical point, and
a simple plan for effecting this change is by making
C drive a brake governor m of the type devised by
Sir William Thomson in which a revaluving ookt 2o
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speed overcomes the resistance of a spring so far as
to come in contact with this rim, and as it were put
on a brake by means of the friction it creates.

The effect produced by a governor of the above.
- description is neutralised when the speed of the
machine falls back to the normal desired speed or a
little below it. Cases arise, however, in which this s
undesirable, as some permanent change may occur in
the driving current, or in the mechanical resistance to
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F1G. 41.—Governing Arrangement for Train on Telpher System.

the driven clectro-motor, as when the gradient of a
telpherage line changes, and this renders a permanent
readjustment of the electrical mechanism desirable.
The simple slot arrangement described above and
applied to any centrifugal governor will effect this
purpose, or it may be performed automatically and
with great accuracy by the governor shown in Fig. 41.
A, B, C form a train of wheels so arranged that A

+
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and B will then drive A. Upon B being turned in one

direction it produces an electrical change tending to in- -

crease the speed of the motor, and upon B being rotated
in the reverse direction this change will be undone.

- A centrifugal governor is so arranged that when
the speed falls below a certain point an arm presses
against a smooth pulley or surface connected with A,
and so drives 13 in one direction. When, on the other
hand, the speed rises above a certain point, the same;
or another arm, presses against a smooth pulley or
. surface connected with ¢ and drives B in the opposite
direction, but when the speed remains intermediate
between the two limits the arm, or arms, are clear of
A and C,and B is left at rest. B may thus be em-

ployed to shunt or cut out a motor, to throw in or out .
~an electrical resistance, or to adjust brushes, or to cause
an electric field to apply a mechanical or electrical

~brake, or to produce any change, mechanical or elec
- trical, which regulates the speed, and in this manner
a permanent change may be effected which will not
be undone when the motor is brought back to the
desired speed. The change may if desired be effected
in the driving dynamo instead of in the recewmg
motor, or in both. |

The governor is preferably employed in the. fol-
lowing manner. Connected mechanically with the
machine to be controlled is a regulating drum or disc
divided into two parts insulated from each other, and
a rubber pressing against this drum or disc alternately
makes one of two connections. When one connection
is made the motor will be driven by the current, but
when the other connection is made the current will be
diverted or interrupted so as not to drive the motor,

-~
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The ariving and non-driving connection will be of
a length dependent on the position of the rubber
relatively to the drum, and this position is shifted in
the way above described by the wheels 4, B, and C.

In the drawing the rubbing pieces D, D, of the
balanced centrifugal governor, bear against the smooth
surfaces ¢ or a, as the velocity happens to be above
or below that required. When the speed is-exactly
right or normal, these rubbing pieces will run clear,
and in the latter case the wheels A, B, ¢ will all be at
rest. If the speed becomes excessive, the wheel B
- will be worked by ¢ ; if, on the contrary, the speed be
insufficient, the wheel B will be driven by A. The
shaft of B has a screw by which a nut M is worked
backwards or forwards and is used to produce the |
desired change. A desirable method of effecting this
required change is shown diagrammatically-in Fig.
41. The insulated rubber or brush T actuated by M.
-rubs on the insulated pieces 0 and U of a cylinder, as -
shown. 0 is insulated and U is connected by another
rubber with one terminal of a motor ¢, the other
_terminal of the motor being joined to a dynamo R,
“the other pole of which is connected with the rubber
or brush T.

It will be seen that if, at one end of the cylinder,
- the piece U goes all round, and at the other end the.
piece O goes all round, and at intermediate points the
proportions between 0 and U gradually vary, the time
during which the current will be admitted to the
motor will depend on the position of the rubber or
brush T, which latter will be determined by the
governor. The connections for 0 and U can easily be
varied to suit other arrangements in which an absolute
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_break might not be desirable. In fact the well-known
system of cutting off the current for a fraction of each -
revolution is employed, but in such a manner that the
cut off shall be undisturbed so long as the. speed

remains constant, but may be permanently varied by

a temporary change of speed so as to be different at
different times although the speed may be the same.
With this arrangement, if the resistance to the motion
of the motor should decrease tenfold below the maxi-
mum which the motion could overcome, when. the
current was on continually,

a slight increase of speed gp!
would screw M along until
~ the current was cut off for
about nine-tenths of each
revolution.  When the
speed had fallen to the
desired amount in consc-
. quence of the withdrawal
of the current, the rubber Modified Form of Governing Ar-
or brush T would be left  oement for Train on Telpher
in its new position and the  System.

machinery would run at

the old speed notwithstanding the great alteration
in the conditions.

Fig. 42 shows another arrangcment of the governor
by which the desired permanent change can be
effected, in which a well-known mechanical equiva-
lent is substituted for the three wheels previously
used. In this arrangement the bevel wheels A and C
are connected by a sleeve, or form part of one piece
awhirh e famable of a small motion alone the shaft
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the speed becomes excessive the bevel wheel A wil
drive the bevel wheel B in ane direction, whilst should
the speed become deficient or decrease, the beve
wheel C will drive B in the opposite direction. When,
however, a predetermined rate of speed is maintained,
both the bevel wheels A and ¢ will remain clear, and
B will be at rest.

On attaining the limiting or extreme position, M
might be employed to put on a mechanical or elec-
trical brake, as by making contact with the stop ¢, and
the governor might in this way be employed to put a
brake on a train, if it continued to run too fast even
after the whole electric current had been cut off,
This effect would, however, be produced instantly, or
almost instantly, after the current had all been with-
~drawn. ‘

To afford additional security against the ¢hance of
trains or vchicles being overtaken by those which
follow, any apparatus may be used by which a
mechanical or electrical brake will be set in operation
to arrest a train or vehicle whenever the time during
which the motor of this train or vehicle has been
deprived of the driving current, by any one of the
means which have been already described, exceeds a
definite length, and by which the brake will be at
once removed when the driving current begins to
circulate. The effect of this arrangement will be that
when the block or governor acts merely to control the
speed, no power will be wasted in unnecessarily re-
sisting the motion of the train or vehicle, but if this
train or vehicle runs past the block for more than

a definite number of seconds, so as to be in danger
af avertalkbineg the pireceding train aor vehicle &8 ~f




TELPHERAGE. 05

running too fast, then its motion will be checked not
only by the withdrawal .of motive power, but also by
the action of a brake,

Fig, 43 illustrates in elevation and section one way
of carrying out the above arrangement. The piece M
is in this case actuated by the governor so as to move
downwards when the velocity increases beyond the
normal ; when this motion has reached the limit at
which the speed can be controlled, as alrecady de-
scribed, by entirely cutting off the current, a wedge
piece or stop Q will
actuate a catch N so as
to release the crosshead
O.. This crosshead will
be then pulled down-
wards by springs St §%
its motion being resisted
by a dash pot P, or other
contrivance which will
delay or retard the
motion for the desired gy 43.—PBrmke Arrangement for
time. After the lapse Trains on Telpher System,
of this time, the cross- .
head o will fall down nearly to the stop @, and will make
contact at T, so as to apply an electrical brake., The
time between the rclease of the catch and the arrival of
the crosshead 0 at its limiting position, may be for
instance 30 seconds, yet when the specd falls, the stop
Q attached to M will, as soon as the latter begins to move
back again, break the contact at T, and so take off the
electrical brake. On M rising it will again set the
catch N. It is obvious that the contact -at T may be
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7 the mere mechanical pressure of the springs 8%, 8% on *

~ a quick running wheel, instead of T, would in most .
cases form a sufficiently powerful brake, - The dash-
pot P should be so arranged as not to resist the up-
ward movement of the crosshead 0, and were a fan
employed instead of the dash-pot, it should be driven”
by the descent of the crosshead ©, and not by its:
ascent, T

To enable wire ropes to be used as the insulated -

conductor, a special form of insulator capable of re--

F1G. 44.—Insulator for Usc on Telpher Line,

sisting a great strain, and also of allowing the ropes

- to rock on the point of support and so relieve the

supports from inconvenient strain, is employed: This

insulating device wherein the ends of the wire ropes

are secured in bent wrought-iron pieces clipped to a

circular insulator free to rotate round a centre pin, is

clearly illustrated in side clevation, plan, and vertical

- cross section in Fig. 44, in which the insulating parts
are indicated by cross-hatching. -

Haorme of metal havine challow oranoves ool
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upper sides intended to receive the wire rope, are bent
round the main insulating piece, and again bent back.
The rope passcs between this metal horn and the
main insulating piece, and is also bent back and is
secured by being lashed to the horns. The horns are
bent as shown in plan when the post is to stand at an
angle, and the two horns are clipped together by
straps which arc insulated from them by insulating

packing pieces. A piece of metal fixed in the main
insulator helps to bridge the gap between the ends of
the wire ropes.

A pin, which is supported by a fork, serves to carry
~ the main insulating piece, and the surface of the latter
near the pin is shielded from the wet by the outer
pieces shown in the vertical cross section, and by the
- form of the main piece itself. The rocking action on
the pin prevents any undue strain from coming on
the support.

By forming the insulator over the pin in the shape
shown, good insulation is ensured for the whole system
from the earth, and the resistance across the packing -
pieces is rendered sufficient.



CHAPTER 1V.

EXAMPLES OF INSTALLATIONS oF WIRE-ROPE Tmmwavs_
ON THE RUNNING OR ENDLESS ROPE SYSTEM.

Installation of Wire-Rope Tramwayg at Worka_' in
| F'rance.

THE following are brief descriptions of several in-
stallations on the Gourjon* system of wire ropeway
erected in France. In this system but one-endless
cable is used moving round two pulléys in the
same vertical plane, the full skips being carried to
their destination by the lower portion upon which
they are suspended at equal distances apart; and the
empty skips returning on the upper portion. | Motion
is imparted according to circumstances, by force of
gravity, or by power, or partly by gravity and partly
by power in a regular and continuous manner,
One of the installations in question which was
erected at Teil, has a length in a horizontal direction
of 1,558 feet, and as the difference of level is only 81

feet 8 mches a certain amount of help has in this case
to be given by power from the motor at the works, to

assist the action of gravity.

* A detailed descnptmn of the Gourjon system of wire-rope
tramway will be found in the Annales des Ponts et Chaussées, vol.
xiv., 1887, p. 604.
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The carrier buckets, or receptacles, which are of -
sheet iron, are suspended from the cable at intervals
of 111.5 feet apart, weigh when full 110 lbs, and
travel at a speed of 5.75 feet per second, or at the rate
of about 3.92 miles per hour. '

The installation cost £100, and the traffic upon the
line is 70 tons a day, the cost of transport belng 3.11
pence per ton-mile.

An installation erected at St Imier, near Grenﬂble,
1s considerably longer, following the windings of a
valley for 8,200 feet, or over 1§ mile. The two por-
tions in the intervals between the end pulleys are
supported at the same level by pulleys mounted on
posts or standards located about 500 feet apart.

The cable used is made of steel wire on what is
known as the excelsior system, and has a diameter of
0.67 inch ; whilst a cable made of a like number of
round wires, and of the same weight per fathom,
would have a diameter of 0.906 inch, or very nearly
I inch in the latter case against a little over { an inch
in the former case. The reason of this is owing to
the absence of interstices in the case of the excelsior
make. |

The cost of this line was 4520, the traffic is 50 tons
a day, and the cost of transport 3.75 pence per tof-
mile.

Another short installation was put up at Alzon, and
used for conveying blocks of stone for masonry work
connected with a railway. The line crossed a valley
1,579 feet wide, having a difference of level between
~ the termini of 474.5 feet. -

In this case the excess power due to gravity could
he wilkd for movine a second cable which had a epan
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of 88 feet, and a rise of 48 feet, by connecting it with
the upper pulley, so as to carry the stone from the
quarry to the pulley placed at the.cdge of the valley.
The uncoupling of the carriers was effected auto-
matically, but the coupling had to be done by hand,
which caused some delay ; 130 tons were transported
per day at a cost of 14.4 pence per ton, the” cost of
cartage being double, . |
The cost of the line was much increased by a failure
to calculate the tension of the cables, and a careless-
ness in erection, which caused accidents to take place
on commencing work which otherwise might have
been avoided, and but for which the outlay would have
been only £480, and some 42,400 would have been
saved in the transport of 52,330 cubic yards of material.
At the date of the paper a line was being erected, of-
which a description is also given. This installation
was to be briefly as follows :—The two portions were
to be on the same level, and passing over vertical
pulleys at the end of the track wereto be directed at
an angle of from 20° to 25° to a winding drum, located
horizontally at a slightly lower level, thus greatly
facilitating the uncoupling and coupling of the carriers.
This line was designed for a distance of 2,214 feet,
with a fall of 242.75 feet; the cost was estimated to be
£440, and 72 tons of cement were to be carried down
daily at a slow rate of speed from the kilns to the works,
the cost of transport being estimated to be 2.1 pence
per ton, instead of 10§ pence per ton, which latter was
the price of cartage. The capacity of such a line could,
however, easily be raised to 100 tons daily by some-

what accelerating the speed, and the empty carriers
4T L onind Cou menarartienoa ity ol o fhﬂlkilﬂs.
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F1G. 46.—Installation of Wire-Rope Tramway in Algeria : Angle and Portion of Line.
[ 70 face page 101,
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The drum or pulley at the end of the line would then
have to be connected with the motor of the works,
so as to lower or raise the power due to gravity
according to circum-
stances, and produce
a uniformity of speed.

Installation of Wire- |
Rope Tramway in I %

Algeria.

Figs. 45 and 46 are
réproductions from
photographs shawing
one of the terminal
stations, an angle
station, and portions
of a line on W, T. H.
Carrington’s improved
arrangement of Hodg-
son’s system, erected
at Cheliff, Algeria.
The line has a total
length of about 2 miles,
and it is capable of
transporting 100 tons
of material per work-
ing day of ten hours.
There is one curve in
the line, situated about
midway in its length,
and near its upper
terminal station it passes across some country of a
mountainous nature.

of Wire-Rope Tramway in Algeria : Lower Terminal
Station and Portion of Line.

F1G. 45.—Installation
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‘The arrangement of the lower terminal station is
shown in Fig. 45, and that of the angle station in Fig.
46, both illustrations showing the type of intermediate
supports or standards employed.. |

A general description of the construction of wire-
rope tramways of this kind has been alre:ady given¥

Inatalla.tmn of Wire-Rope Tra.mwa.,v on Pl&nt&tlﬂnﬂm
in Cevlon. -

In F 1. 47 is depicted the loading terminal of a line

of wire-rope tramway on the Hodgson-Carrington

running or endless rope system, wherein the-carriers

are fixed to the rope instead of being removably con-

nected to it by means of saddles riding thereuu asin -
the previous example. | |
The illustration, which is likewise reproduced from a
phetograph taken on the spot, shows very clearly the .
arrangement of the grooved wheel or pulley for carrying
the rope,angd also that of the tightening gear. The coolie
is in the act of loading the.carrier as it passes round
the grooved wheel or pulley with the endless rope.
A general description of installations of this type
" having been also previously given,* further details here
are unnecessary. Both this and the previous line were
constructed and erected by Bullivant & Co. Ltd.

Installation of Wire-Rope Tramway at a Mill in
Mexico. |

The Plomosos T wire-rope tramway in the State of
Sinaloa, Mexico, has a total length of 10,115 feet, or

¥ See ante, pages 6-9. |
1 A very full deacrlptmn from which this abstract has been
“made, will be found in the Transactions of the Tecknical Society”

of the Pacific Coast, San Francisco, 1890, p. 113. ‘

-
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47.—Installation of Wire-Rope Tramway at Plantations in Ceylon.

[ 70 face page 102,
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- not far from 2 miles, and the upper terminus is at -
-an elevation of 3,575 feet above the lower one, thus -

affording a good example of 2 line on the endless
rope system of comparatively short length, with a con-
siderable difference in level between the termini, The. -
spans were respectively 935, 863, 104, 1,378, 977, 1,935, -
410, 1,066, 771, 833, and 433 feet, at first, making in
all 9,705 feet; but to this length 410 feet were sub-
sequently added between spans 8 and 9, when the
vertical turn sheaves were replaced by horizontal anes, -
- raising the length of the line to 10,115 feet, as before

]
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F1G. 48, — Installation of Plomosos Wire-Rope Tramway Section.

¥

mentioned. The outline of the ground is shown in
the section Fig. 48, from which it will be seen tobe
of a very rugged nature. | o |
- Most of the frames of the standards were con-
-structed of hewn timber, because this latter material
was easily available, although sawn timber s stated to
- be preferable for the purpose.
The framework of the upper terminal consists ‘of
balks of timber 8 inches square. o L
~The run of the loaded carriage for taking up the
slack of the rope is limited to ©4 feet the oo
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weight gear being at the lower terminal only, and the
other end of the rope being firmly anchored. The
slack of the rope is taken up when the splices are
renewed from time to time. |

The intermediate posts or standards were first con-
structed single, but in many places they were after-
wards braced, by having X-shaped frames erected
round them, -

The counterweight gear is mounted in a four-post
tower 24 feet in height, the weight box being 5 feet
square and 3 fect deep.

In lines of this description the travelling carrying
rope is supported on suitable sheaves or pulleys, which
latter are mounted vertically upon the ends of cross
arms fixed on the posts or standards at a sufficient
height to clear all surface obstructions. At the termini
the rope passes around sheaves or pulleys set horizon-
tally, These sheaves are either grip or plain sheaves
as the case may require, grip sheaves being used
where power has to be supplied to the rope, or to
prevent slipping where brakes are employed to regu-
late the speed,sin which case the brake wheel or
drum would be attached to the upper side of the grip
pulley.

The rope employed is a 12 inch diameter steel
- plough rope made at the California Wire Works from
special steel obtained from Germany, giving a tensile
strength of 300,000 lbs, or about 133 tons 183 cwts.
per square inch.* The carrier frames or hangers are
secured to the rope by means of a type of carrier box

¥ Tensile ztrancth civen i the rvaner whirh coente 4 he
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or fastening, known as the Hallidie clip, a description
of which has been already given.*

The transport of this rope was a matter of very
serious difficulty. It was accomplished by dividing
the rope into ten lengths, each length made up into-
seven coils, with an intermediate length of 10 feet,
and each of the coils in each length was loaded upon
the back of a mule, the entire train being composed
of seventy mules, and three men being provided to
each seven mules, or thirty men altogether,

In transporting a wire rope in this manner the coils
should be made up as small as possible, say not over
24 inches, so as to enable them to be secured to the =
pack saddles. "

‘During the conveyance of the section of rope to the

upper terminal an accident occurred which was pro-

ductive of very considerable delay, and demonstrated
the difficulties attendant upon the operation. The
head mule, at a point where- a rise immediately fol-

lowed a steep descent, started to take the rise with

a rush until checked by the rope, which threw him
backwards over the bank, he taking two other mules
with him, and had not the last of these caught on a
tree, the rest of the train would have followed.” The
path being cut out of the mountain side, and so

narrow as not to admit of turning a mule, or even of

unloading its pack, the coils which had gone over the
bluff were fished up, uncoiled, and carried a quarter
of a mile by hand. The rope ‘was, however, badly
kinked through the mishap.

Thl‘: kinking of the rope is indeed one of the chlf:f

- . — " —
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-dangers to which this method of transport renders it
liable, the parts thus damaged being usually the inter-
vening lengths between the mules. The result of a
*. bad kink in the rope is that the wires of the strands
on.the concave side of it will shortly give out when
in use, )

Screw-down brakes were employed upon this line
~at first, but were found most inconvenient in use, and
were afterwards successfully replaced by lever ones,

- The splices of the rope commenced to give way after
" two years’ work at points where the two metal strands
" were tucked into the rope to take the place of the

hemp core or heart.

- To climb up to the wirc ropeway a rope ladder was
used, which was brought into position by passing it

over the line at the nearest support, and sliding it |
along the rope or cable until in the proper pOSIt!ﬂI‘l
swinging it over any intervening carriers.

The reason why the rope wore out at the splices is:
considered to be because in a rope of seven wire strands
there exists at the splice a spot of about 1 inch in

~ length at a point just above and below where two

steel strands are inserted into the core, and take the
place of the hemp core or heart, where the rope will
. have seven instcad of six strands at the circumference,
. -thus making the diameter greater. There _being ltke-
wise a portion of about 14 inch or 2 inches with no core
or heart at all, and the outside strands being there
unsupported centrally, they become crushed into the
cavity, thus exposing other strands to extra wear.
For lubricating purposes, Swedish tar mixed with"
boiled linseed oil was first employed, applied on “the

P gy - VR U AL [ La nl - T
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fuund however bnth inefficient and expenswe It
did not penetrate the rope, but becamme hardened and
baked, by the heat of the sun, on the rim of the
sheaves or pulleys, giving no protection to either rope.
or sheaves, Better results were obtained with the same

- lubticating material by letting it drop continuously

~.over the rope at the rate of about one drop per minute,
by which means the rope and sheaves were enabled to
retain a slight coating. At the best, however, tar was.
- found to be but a poor lubricant under exposure to

the sun, the heat taking up what little iubncatmg

prﬂperttes it possessed, The tar did not penetrate the
rope, and much wear from friction of the wires was
found to take place between the strands, owing to the
bending whilst passing over the pulleys or sheaves.
- The substitution of black West Virginia oil, applied
by means of an automatic lubricator, was fﬂund to
give first-rate results, and after four months the rope
was found to be thoroughly saturated with the oil,
‘and after six months the Manilla hemp core was
found to have been preserved by the oil. ~After two
years’ use of this lubricant the rope showed but little
signs of wear, S
- With the tar and linseed oil mixture applied weekly.
the tops of the rims of the sheaves had to be cut
down at some points on the line every month; when
applied by continuous drops they only required to be
turned down in four months ; whilst when black West
Virginia oil was applied, the rims only required to
be so treated every six or seven months. The grips
on the terminal sheaves also showed less wear in the
latter case.

La &1 TS | | . ' -~ 4
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Cost of construction of upper terminal -  £39 10 o
» o T lower P - 44 10 O
y " intermediate terminal 300 0 o
Sundries, stretching rope, &c. - - §2 0 ©
Total cost of construction - - f436 o o
Cost of ropeway material - : - 3,168 o o
Opening roads, &c. - - - - 373 O O

Total for ropeway in working order - £3,977 o o

As regards the cost of transport, this was found to
be reduced by about three-fourths by the use of the
ropeway ; 5,100 cords of wood delivered to the mill
as fuel costing before the existence of the ropeway
£12,670, whilst 5,900 cords delivered by the ropeway
only cost £3,392—a saving of £0,278,and an additional
supply of 300 cords of wood, being thus effected by
the use of the latter. ” .

Installation of Wire-Rope Tramway as a Pier * in
the Cape de Verde Islands. i :

The following is a description of another instaHa-
tion on the running rope system, erected in the Cape
de Verde Islands, at Messrs Cory Brothers & Com-
pany’s Coal Depdt.+

The total length of this line, which is illustrated in
Fig. 49 in plan and elevations, is 1,200 feet, of which
length about 960 feet extend along the beach, and
about 240 feet at right angles to the longer section to

* For description and illustration of a wire-rope tramway on the
fixed carrying rope system arranged as a pier, see pages 176, 177.
t A full description of this installation, which was designed
by W, H. Carrington, M.I.C.E,, will be found in_ the Minutes of
Proceedings. of the Institution of Civil Engineers, vol. lxv., Pp-

WS- YUY .
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the end of the pier, where the coal is recewed and
despatched.

]
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F1G. 40.—Installation of Wire-Rope Tramway at Cape de Verde
Islands : Plan and Detail Views.

"_

r
L

The ropeway was required to be able to carry 15
tane ner hour in either direction. and the motion of
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" the rope was to be utilised in warkmg cranes at each
- terminal for ralsmg or lowering coal,

‘The coal is brought to the pier in bulk in barges
" from the colliers, and the buckets of the wire ropeway
are lowered into the barges by a crane, and when filled

N are again raised, and sent off on the mpewa.y tocthe |
- depbt at its further end, where a quantity of about
: _10,000 tons is usually stored..

—ir

To supply the steamers calhng at the 1sland the |

- caal is filled at the store into bags holding 2 cwt. each,
which bags are raised by a crane to the level of the

wire ropeway, and are carried by it back to the barges

at the end of the pier.

The driving gear with its steam engine is piat:Ed at’

the point where the two sections of the wire ropeway

. meet at right angles. It consists of a massive wooden

frame, carrying an upright shaft fitted at its upper
end with two drums, each 8 feet in diameter, lying
one on the top of the other, the ropes of the sections
passing round these two drums, and being driven by

them. At the lower end of the vertical shaft bevel

- gear is fixed by which the motion of the steam englne
is communicated to the drums. The steam engine by

which the requisite power is supplied is one of 16
‘horse-power nominal, having two cylinders and a.

- surface condenser. The boiler is of the horizontal
multitubular type, working at a pressure of 60 Ibs. per

- square inch. The usual shunt rails allow the loads to
- "pass round the angle thus formed at this point.

" “The terminal at the end of the shorter section on
the pier-head carries the horizontal drum round which
the tramwav rove passes and a lone horceshoe-chaned
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a radius of 17 feet; and worked by shafting from the
engine. This crane is manipulated by a friction-
clutch, actuated by a lever on the top of the frame,on™ -
which the driver stands, and has thus a clear view of
~ the work going on below. Four carrier buckets or

receptacles, cach holding 2} cwts,, are lifted at a-speed

of 80 feet per minute, and deposited on to a deck
alongside the terminal frame, These buckets or
- receptacles are then pushed singly down an inclined
plane, the arrangement being such that they engage
themselves on the hangers, which, with their saddles, -
carry them on the line rope. In a similar way the
empty buckets or receptacles arriving, or the sacks for
delivery, are detached and lowered into the barge, -

- The terminal at the end of the longer section at the

 coal store is placed on a wooden platform, shown in

elevation at the top of the illustration, about 20 feet
“above the ground, and 120 feét long. At theend of
this platform, situated the furthest from the driving
station, is placed a horizontal drum 8 feet in diameter,
carried on a strong wooden frame, round which drum - .
the line rope passes, and which can be drawn back -
when required to take up any extension, The motion
of the rope actuates the drum, which by a pair of
bevel wheels turns a square shaft extending along the
centre of the platform for its whole length. A crane .
of similar construction to that on the pier-head is .
placed on this platform in front of the terminal, and
can be moved from end to end, deriving motion from.
the line rope through the square shaft at any point,
The jib of this crane is long enough to enable loads
to be hoisted on either side of the platform, and to
be put down just behind the travelling shunt frame,
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“which stands about 15 feet in front of the crane, and

; - " which is arranged to slide up and down the full length.

of the platform in conjunction with it. Thus the
sacks of coal, having been raised from the ground, are
placed at the foot of the shunt stage, by which they
are, having been first hung on the hangers, pushed on
to the moving rope, and transported to the pier.

When.coal is being brought to the store, it is tipped
into an inclined shoot out of the buckets while they-"
hang on the rail of the moving shunt.

It will be seen from the arrangements above de-
scribed that the coal can be hoisted out of the barge
at the pier-head, transported to the terminal depét,
and delivered into the store, where it is duly put into
sacks for re-delivery to steamers; and when this is

required, the sacks of coal can be lifted up to the

ropeway, a height of 20 feet, transported to-the pier-
head, and dermted into the barges.

- The rope is supported on the lﬁnger section by
seven posts or standards, which are fixed on the
beach, and are of the usual construction, and about 15
feet high. Thesc posts or standards carry bearing
pulleys 2 feet in diameter, grooved to fit the wire rope,
which latter is of crucible steel with a breaking strain
of 16 tons, and it is run at a speed of 31 miles per
hour, _

This ropeway had carried up to 1881 about 130,000
tons, and though it was only designed to lift and carry
15 tons per hour, it had on emergencies conveyed
more than 25 tons in an hour. .

The cost of the maintenance of the rope has been
a halfpenny per ton carried, and that of the machinery

also a halfpenny per ton, the chief item in the latter
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case being the breaking of the buckets or receptacles
- by rough handling. The cost of labour has been
one penny per ton handled, including tipping the coal
into the store, and attending the engine. The cost of
- working the crane and filling the buckets or receptacles
in the barge has been about five-eighths of a penny
per ton, the boiler for supplying stcam to the engine
consuming 7 cwts. of coal per twelve hours.

The complete cost of the above installation erected
on the spot, but exclusive of freight and customs duty,
‘was about £2,500, including the large staging at the
depdt and the whole of the woodwork. The erection
on the site occupicd three months. | .
| ; |

| Iﬁat&llﬁtiﬂna of Wire-Rope Tramways as Plers
in New Zealand, &c.

A pier wire-rope tramway, also designed and erected
by the same gentlemen, is working at Russel, Bay of
Islands, New Zealand, which line runs for about
3,600 feet out into the bay, the line from the pier to
the mines on the mainland being about 1 mile in
length. The terminal at the head of the pier is
erected upon an old hulk which is securely moored
in position. |

The carrying capacity is about 50 tons of manganese
ore daily, with a motive power of 6-horse. The line
has been in operation for about four years.

Figs. 50 and 51 show two other arrangements of
wire-rope tramways on the running or endless rope
system” arranged as piers, the constructive details of
which are practically similar to that already described,
modificd where necessary, however, to meet the
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Amongst a number of other wire-rope tramways
on this system designed by the same gentleman * and
which are now in operation in various parts of the
world, the following may be taken as representative
examples showing applications for various purposes ;—

Installation of Wire-Rope Tramway at a Quarry

in India.

Fig. 52 shows in plan and section a wire ropeway
or cableway erected at a quarry in Madras, India, for
‘the carriage of concrete material. This wire-rope
tramway, which has a total length of 15,600 feet, or
nearly 3 miles, was supplied to the order of the
Indian Government, for the purpose of carrying about
100 to 150 tons of material per working day, for the
purpose of constructing a large concrete dam in a
very out-of-the-way situation in Madras. 1

- This installation affords a good example of the
facility with which a line on the endless rope system -
can be made to pass angles of any degree, and admits
~of surmounting certain constructive difficulties that
would prove very difficult to overcome, if not fatal
in the case of any other arrangement.

In the present example, as will be scen from the
- plan, the line passes three angles varying from 157°
to 169°, and, as will be seen from the section, over
inclines varying from 1 in 3 to 1 in 4.

The driving power is water, which was found
attainable at a point about half-way betwcen the
terminals of the line.

* W.T. H. Carrington, M.I.C.E,, and constructed by Bulhvant
& Co. Ltd.
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The entire line was erected on the spﬂt by natwe

.~ workmen.

: Installation of a Wire-Rope Tramway at a Cement e
Works in Brazil .

Fig. 53 shows in scction a wire-rope tramway in-
~stallation put up in connection with a cement works
at Jundiahy, Brazil. -

‘The extreme length of this line is 8,001 f{eet or
about 1.7 mile, and it is capable of transporting some -
100 tons of cement in bags per working day of ten
~hours. . |
 The line passes over extremely rough ground, and
changes its direction in two places. At a number of
parts,the incline is 1 in 3.5, and there are spans of
500 feet. . |
- The bags of cement are carried in water-tlght cases’
made of galvanised iron, and so constructed as to
turn over on the relcase of a catch. The necessary

motive power to work the line 1s prmvided in this

‘instance by a 14 horse-power engine of the semi-
portable type,
" This line has been at work continuously since the

. date of its construction in 1882. It affords an excel-

lent example, as will be seen from an examination
~ of the section, of the maximum spans and severe
inclir®s which can be satisfactorily worked with wire .
tramways on this system, | |

Installation of Wire-Rope Tramway at Barytes
-~ Mine in Cumberiand. | -

Fig. 54 is a sectional view illustrating a short wire-
rope tramway erected at a barytes mine in Cumber-
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]

land for the purpose of conveying the mineral from
the mine, which is located on the flank of a lofty
~ mountain, to the mill and dressing floors which are
situated at its foot, at which latter point water power
is available.

The total length of the line is g84 feet, and the
difference of level between the mill and the mine is
5§56 feet, the average incline being 1 in 3.

The water wheel at the mill which provides the
power for driving the latter, also scrves for supplying
that necessary for working the ropeway, all the power,

however, that is required for the latter purpose being

a sufficient amount to act as a means of gﬂvermng the
speed and controlling it, as the loaded carriers run
down by gravity. The situation of the line and the.
character of the incline over which it is worked is
shown approximately in the illustration. Lo
- The carrying capacity of this wire tramway is 100

tons per day. . S

Inata.lla.tmn of Wire-Rope Tramway at a Print -
Works in Lancashire.

Fig. 55 is a sectional view showing an installation,
on Carrington’s system, at a print works in Lancashire,
The construction of the box carriers for the textile
goods, which usually hold about 120 lbs. each, has
heen already shown in Fig. 24.* :

Soffe of these classes of lines have been running |
successfully for upwards of thirteen years.

Installation of Wire-Rope Tramway at an Artificial
Manure Works near London.

Fig. 56 is a diagrammatical view showing the

¥ L ams M ores Fary
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_ arrangement of a similar wire-rope tramway to the
“preceding erected at an artificial manure works.
The illustrations in both the above cases are

suﬂimently explanatory to admit of further descrip-
_ tion bemg dispensed with. |

Installations of Wire-Rope Tramways at Brmk
Works in Yorkshire and Glamorganshire.

A wire-rope tramway of this class was erected at a -
brick ‘works at Otley near Leceds, where it was in
- operation to great advantage for about fourteen .

mﬂnths until the stoppage of the works. o
. The line was about 1,200 feet in length, and was
~ constructed to Bring clay from a distant pit-to the
brick works. It made during its course an angle of
~about 150° and passed over a portion of the North |
Eastern Ratlway, also running close to the highroad
from Leeds to Otley without interfering in any way_

- with the traffic, -

At the time of cessation of work this line of wire-

rope tramway had carried 11,000 tons without any

stoppage or appreciablewear and tear to the machmery,
the rope remaining in good condition.

Another installation of a similar nature has been
a:t work .at the Llanishen brick works, Cardiff, for some -
years.

~ Installation of Wire-Rope Tramway at a Ghen:uml o

WﬂI‘kB in Northumberland.

~Fig, 57 is a sectional diagram showing the dxspos:—
tion of a wire-rope tramway of the same description,
about 1,500 feet in length, erected some years back at
"a chemical works in Newcastle-nn -Tyne.

LY



F16. 57.—Installation of Wire-Rope Tramway at a Chemical Works :

Sectional Diagrammatical View.

Himt ,L-E.E""-. . ;.::\. L2 .-_ TR y

A PRrs ? .._ﬁ;_r E‘F'p&r

. L AT Fd P
el F 1 -&i ..*:.-!..l_-ﬂ-i' _d.r .,.lf.‘ﬁ‘ 5

T,
.-""

r’.-l"r A
1 .._._

™ , N 41 Y= K - [ ra——y

B canwar sipire

el



, INSTALLATIONS ON RUNNING ROPE SVSTEM. 123

This line, as will be seen from the illustration,
passes throughout its course over buildings, dwelling-
houses, and yards full of workmen. It starts from a
point near the centre of the works, close to the spot
at which the refuse or waste material is produced

- which it is desired to remove by means of the rope-

way. The line first rises at an incline of about 1 in
I0 over intervening sheds, passes close over. the
buildings containing the cooper’s workshops, and then
descends until it reaches the terminus on the bank.
of the river Tyne, where a staging about 30 feet in
height is provided on the quay side, from which the
- refuse material or waste product can be emptied into
barges:lying in the river.

~ The engine for supplying the motive power is placed
upon the above-mentioned staging.

The carrier buckets or receptacles for the refuse or
waste product contain about 3} cwts. each, and the
carrying capacity of the line is about 120 tons per

working day,
~ This wire-rope tramway was run, transporting the
above amount of material daily, for about eight years,
when the works were closed.

Installation of Wire-Rope Tramway at Mills
in Yorkshire.

Fig. 58 is a similar view to the last, showing an
installation of an aerial or wire-rope tramway at a mill
‘belonging to Messrs Norton Brothers Limited, Hud-
dersfield. L

This wire-rope trammway, which is about goo feet in
length, is used for the purpose of transporting coal
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from a coal mine belonging to the company to their
boiler house, where four large boilers are supplied.

- The e¢oal is conveyed in carrier buckets, which

contain 1 cwt. each, and which are filled from a shoot

at the colliery. On reaching the boiler house the

loaded carriers pass from the rope on to a shunt rail
suspended from the roof, along which rail they run
~over the hoppers of the mechanical stokers, one of
which is fitted to each boiler. These hoppers are

adapted to contain 2 tons each, which amount is a

supply sufficient for half a day’s consumption of each

of the boilers, and one hour’s running of the tramway

is required to cffect the filling of the above.

The driving gear for operating the tramway is’
located against the wall of the boiler house, 2 hiorse-
power being required to work the line when fully
loaded. | S

The cost of carriage, including renewals and labour,
~has been found to be about twopence per ton trans-

ported. | o

Installation of Wire-Rope Tramway at a Linoleum
' Works in Middlesex. | "

Fig. 59 is also a similar view to the preceding, -
showing a short wire ropeway of about Goo feet in
" length, erected at the Linoleum Manufacturing Com-"-
pany's works, Staines, where it is used for the convey-
ance of coal from the railway siding up to the upper
~floor of one of the workshops, from which it is shot g
. into the adjacent boiler houses,

During its course this line passes over a river and
many of the workshops and roofs. The incline is
about I in 5,and the coal is carried in loads of 13 cwt,
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. Motive power is in this instance water, and is
- supplied by means of a turbine which also serves for

.. driving other machinery.

- This wire-rope tramway or cableway has been.in

+ - guccessful operation for more than fifteen years.

" Installations of Wire-Rope Tramways on Suga.i' |
Batates in Demerara, Jamaica, Mauritius, i
Martinique, St Kitts, Guatemala, &c.

- The usual arrangement adopted on these sugar-cane
- plantations will be readily understood from the illus-
frations shown in Figs. 60, 61, and 62. |
These lincs are usually clrwen by the power of the
_cane mill, they deposit the canes from the carriers, a
=-descr1ptmn and illustration of which has been previ-
- ously given,* and can load at any point on the line
by means of the travelling shunt shown in the top .
view of the drawing Fig. 60.

The plan shown in Fig. 61, in which several wire .

. tramways driven from the same pomt are arranged to
dlscharge on the same cane carrier, is one extensively
adopted in the Mauritius.
A simple form of post or standard for a wire-rope
tramway for carrying sugar cane is shown in side and
end elevation in Fig. 62, |
About 60 miles of these wire-rope tramways for the -
" carriage of sugar cane are at work in the island' of
Mauritius alone, the lines varying in length from
1 mile to 4 miles, and transporting from 100 to 200
tons of sugar-cane per working day.
A great advantage which this system of carriage.
affords is, that the canes.are delivered in a continuous

* Coap mave GI.
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stream direct on to the cane carriers, and in quantities
that are at no time large enough to dernand redistri-
bution in feeding the mill, the small individua! loads
~of about 2 cwts. of canes each following one another
in rapid succession, so that the quantity delivered can
be easily regulated to a nicety by the man engaged in
“discharging the carriers.
*  Further advantages derwable from the system
are: That canes can be
brought from different e owe ve oo canman
parts of an estate by onc

"¢ by admitting of readily
- mixing different lots of
canes previous to crush-
ing in the mill. The
cangs can be transported
over other growing or
unripe cancs, as well as
across any . rivers or
canals or other obstruc- |
tions lying in the route. Fic. 61, —Installation of Wire-Rope
The earth is not in Tramway on a Sugar Plantation :
Junction of Three Lines,

any way beaten down as
is the case, through the treading of mules, horses, or .
oxen,and the passage of carts, when carting is resorted
to, or even with the use of portable ground tramways,
and canes can be brought, moreover, from estates lying
on high ground which are inaccessible to ordinary
roads, thereby rendering valuable land which would
otherwise be practically useless. Cane can be carried

more cheaply than by carting, one man being sufficient
t~ Aicrhvarae s o 1663 tone nof cane near tenn hoare and
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FiG. 62.—Installation of Wire-Rope Tramway on a Sugar Plantation : Portion of Line and Standard,

" AERIAL TRAMWAYS.

besides those loading the canecatriers
or hangers one man only is required
at the despatching terminus. B
In many cases it is found to be .
convenient to employ a combination
of cartage with wire-rope transpt}rt,z--
the canes being brought to certain
points along the line by the carts, at
which points they are loaded and
forwarded to the mill on the w:re-:"
rope tramway. |

Installation of Wire-Rope Tra,mwa}?f
at the Custom House in |
Mauritius,

A wire-rope tramway on the end-
less or running rope system of 3,000
feet in length, the longest span being
one of 600 feet, is at work at Port
Louis in the island of Mauritius for .
the carriage of bags of sugar, and
puncheons of rum, to the Custom
House.

Loads up to 6oo lbs. in weight are
transported on this line.

Installation of Wire-Rope Tramway
on a Beetroot Farm in Holland.

On large beetroot farms wire-rope
tramways are extensively used for
carrying off the crops and delivering
them to points from which they can
be despatched either by rail or ship
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A good example of an installation of this descrip-
tion is to be found in one designed* some years ago
for the Netherlands Land Enclosure Company for
carrying the crops,and for the conveyance of other
materials on their estate at Fort Bath, which consists
of land that has been reclaimed from the sea.

This line is about 1 mile in length, and has a carry-
Ing capacity of 50 tons daily, the produce being con-
veyed in baskets containing about 100 Ibs. each. The
power is supplied by a 6 horse-power portable engine.

The line is so constructed that it can be taken
down and put up again in a fresh place in one day,
by the aid of twenty men, provided the distance to
cart the materials composing the tramway does not
exceed § miles,

* By W, T, H. Carrington, M.I.C.E.



CHAPTER V,

EXAMPLES OF INSTALLATIONS OF WIRE-ROPE TRAMWAYS
oN THE Fixep CARRYING Rore SYSTEM,

Installation of Wire-Rope Tramway at Chalk Pite
in Hrance.

A SIMPLE system of aerial transport by wire ropes
“is described by A. Hauet,* which is said to have
been in use for about thirty years at the chalk pits.
near Paris for conveying the chalk for short distances
of from 500 to 820 feet in length. |

Two carrier wire ropes, 4 inch in diameter each are
arranged parallel to each other, and act as rails, the
one for the ascent, and the other for the descent.
These ropes are suitably secured to any available
support at one terminus, and are placed under tension
at the other terminus by the aid of a large T-headed
bolt, passed through a block of timber held by an
anchor carriage, constructed of angle-iron and .of
wrought-iron plate and heavily loaded.

The load is suspended from each of the carrier
ropes or cables by means of a truck or traveller
having a frame of triangular form, in which are
mounted two 8-inch grooved pulleys adapted to run

* See Revue Générale des Chemins de fer, Octﬂher 1383
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- upon the rope, a suspension hook being provided for
the attachment of the carrier receptacle. .
An endless wire rope of 2 inch to } inch in dia-

meter, according to the load to be dealt with, and:

running on grooved pulleys of 4 feet diameter
mounted at the ends of the line, is connected to this-
apparatus through a short length of chain. The
carrier receptacles or buckets provided for conveying
the materials have a capacity of from 3} to § cubic. -
feet.

T'he loaded carriers descend by gravitation, carrying
with them the endless rope which hauls up the empty
buckets. A friction wooden brake block, or when the
gradient exceeds 1§ per cent, a steel brake, serves to
arrest the motion when the carriers arrive at their
destination, |

Inclines of from 30 to 40 per cent,, it is stated, are
easily successfully worked on this plan.

Installation of Wire-Rope Tramway at Mines

in Spain. |

- A rope or cable way erected between Garrucha and .

Serena de Bedar in Almeria, south-cast of Spain, on

the Bleichert-Otto system of fixed carrying rope is

about the most important installation of this par-

ticular description as yet in existence. This wire-

rope tramway is used for transporting iron ore from

the mines at Sercna de Bedar to the Mediterranean

coast at Garrucha, and it has a total length of g}
-miles. '

The line is divided into four sections, the first two

of which are 1.40 and 3.29 miles long respectively, and
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the two second sections are 3.29 and 2.8 miles long
respectively, and are driven by an engine of 70 horse-
power..

The carrying ropes are firmly anchored at the
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P16, 64.— Installation of Wire-Rope Tramway at Mines in Spain :
Power and Angle Station—Sections.

terminal stations to large blocks of masonry, and are
maintained taut by means of tenon weights provided at
the angle stations, as shown in Iig. 63, which repre-
sents the Puerto del Coronel power and angle station
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in plan and section. The arrangement of the shunt
" rails of the above-named angle station, together with
the hauling engine, are shown in plan and section in
the above figure and in Fig. 64.
 In operation on the arrival of the carrier buckets at
an angle station they are automatically disengaged
from the hauling or driving rope, switched on to the
shunt rails, and run round by hand to the carrying
rope on the next section of the line, where they are-
~again attached to the hauling or driving rope and
 despatched in a new direction. |
"~ The driving is effected by belt gearing which
transmits the power to two large grooved pulleys
7 feet 3 inches in diameter, and lined with leather,
around which the hauling or driving rope is coiled .
several times. Tension weights and pulleys similar
* to those employcd for the carrying ropes are used for-
keeping the hauling or driving ropes taut. '

The loading station is at Serena, which is situated
at an altitude of gos feet above the sca-level, and after
leaving this station the line crosses a number of deep
valleys, one of which is over half a mile wide and 328
feet in depth, and it traverses mountain ridges, the
highest of which is 1,174 fect above the sea-level, to
the village of Pendar de Bedar, where, at an elevation
of 951 fect above the sea-level, the first power station
‘1s located. -

From the latter place the line deflects to the right,
and again passes over several valleys and ridges, with
i gradual descent to an angle station 370 feet above
the sea-level. It then bears to the left, extending

1 - . L o —I.1 T — — T |
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- From the second power station the line turns to the
right, and descends at an easy gradient to the unload-
ing station on the coast, which is located near the
town of Garrucha.

The longest span of the lme is that near the Villa
Reforma, which is 918 feet in width, with a sag of the
rope of 65 feet,and on which six loaded and six empty
carriers are supported at a time. The next longest’
- spans of the line range from 328 to 750 feet; the
‘average distance betwecen the supports, howevef', 1S
only about 130 feet. B

The steepest gradient, taking into account the sag
of the rope, is 1 in 21, and the tallest standard is 118
feet in height.

The carrying rope for the loaded side is 1% inch
in diameter, and that for the unloaded side 1 inch in-
diameter. The hauling or driving rope is # inch in
diameter, and is provided at proper intervals w1th
star knots* to engage with pawl grips.t -

The posts or standards employed are of the types

~illustrated in Figs. 1 and 3} A perspective view of-

a section of the ropeway showing the arrangement nf
the line is shown in Fig, 6.

Storage bins of an aggregate capacity of 800 tons are
provided at the loading station, from which bins the
ore is spouted into the carrier buckets or receptacles..

The unloading station at the coast is 150 feet in
length, by 5o feet in width, and is elevated 32 feet

* For a description and illustration of these khnts see
page 45.

t For a description and illustration of these pawl grips, see
pages 49, 50.

T Cap maces In D1
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above the ground level. It has a storage capacity of
from 18,000 to 20,000 tons, 50 that frmm four to six
vessels can be loaded at-a time. |

At the various stations sidings are arranged for

stocking empty carriers from the different sections of
the line.

The stations are all connected together by tele-
phone, and a system of clectric signals are used. The
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F1G. 65.—Installation of Wire-Rope Tramway at Mines in Spain :
Portion of Line.

engine and boiler houses are solidly burlt and are
large cnough to be used as repairing shops.

The gunaranteed capacity of this line is 400 tons per
working day of ten hours. With a travelling rate of
300 feet per minute, or about 3 miles an hour, and
with two carriers having buckets of 7 cwts. capacity
each arriving per minute, or say 1,200 buckets per
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-

by this line in a working day of ten hours would be
420 tons, making its capacity 4,095 ton-miles. Owing
to the increased demand for Bedar ore, the line has
been worked since the commencement of 18go in two
shifts of eight hours, and no less than goo tons per
day have been transported to the coast.

The complete cost of the line is said to have been
426,000, and it was surveyed, constructed, and ready for
work within ten months, the constructor of the line,
J. Pohlig, of Cologne, contracting to work and keep
the tramway in repair for a number of yecars at the
rate of 1 shilling and 2.5 pence per ton of material
carried, this price to cover all the costs of labour,
maintenance, and repairs.* | |

Inatallation of Wire-Rope Tramway at Furnaces
in Belgium. . |

A very full description, with illustrations, of an
installation of the Beer arrangement of wire-rope
tramway on the fixed carrying rope principle, at the
Seramg furnaces of the Espérance-Longdoz Company,
is given in the Revye Universelle des Mines;t from

which the following particulars are abridged.
~ The starting point of the line is situated 11 feet 6
- inches above the ground level, and the point of delivery
is-at a height of 160 feet above the starting point.

* E. H. Davies’ “Machinery for Metalhferous Mines” {London:
Crosby Lockwood & Son), where (at p. 514) Mr Davies acknow-
ledges his indebtedness to Commans & Co. of London, the
English representatives of the makers, for some of the informa-
tion supplied. See also British Patent, Otto, No. 7,507, 1887.

t “ On the Beer System of Wire Ropeways,” by Charles Raoult,
Engineer to the Beer Engineering and Foundry Company,
Revue Universelle des Mines, 3rd series, vol, 111, 1888, p. 40.



138 ~ AERIAL TRAMWAYS.
: o : :

- The carrying rope for the loaded carriers is 11 inch in
diameter, and is composed of nineteen wires, each wire
} inch in diameter, and arranged one in the centre, six
intermediate, and twelve on the exterior. The weight
- of this rope is 21§ 1bs. per fathom, and its theoretical
breaking strain 37 tons, the actual breakmg strain
being, however, appreciably less. 1t is strained and
kept taut in use by a counterpoise of § tons 18 cwts:

The carrying rope for the empty carriers is 14 inch
in diameter, and is also composed of nineteen similarly
arranged wires to those of the above rope, but each
of which wires is only 2 inch full in diameter. This
_rope weighs but 12} lhs. per fathom, and its theoretical
breaking strain is 23 tons. The counterpoise for
~straining the empty line is 3 tons 18 cwts. |
The hauling or driving rope is 1} inch in diameter,
~and is composed of a hemp core surrounded by six
strands cach composed of twelve wires of % inch in’
diameter. It weighs 4} lbs. per fathom, and has a
theoretical breaking strain of 14 tons 18 cwts. The
counterpoise for keeping the hauling or driving rope
taut weighs I ton 19 cwts. |

The joints of the carrying ropes are mad€ in two
ways. ‘The onc by inserting cach end into a slightly
conical slecve, somewhat separating the wires, and
- brazing them to the slecve with a qpemal solder.
The larger or adjacent ends of ‘cach pair of these
sleeves are tapped with a right and left handed thread
respectively, and they are coupled together by means
of a right and left handed screw-threaded plug.

The other method consists of separating and-wedg-
ing the wires into the sleeve instead of soldering.
This wedging is cffected first by three curved wedoes
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forming conjointly a feather-edged tube or ferrule
hetween the outer and intermediate layers of wires,
and next by a smaller solid conical ferrule between the
intermediate layer and the central wire, which last
wedge piece is screwed at the end and secured by a nut.
- A serics of tests to which this latter coupling was
subjected showed that, although a load of 30.1 tons
- ruptured all the wires, none of them were drawn out
of the sleeve, but all were broken externally, and the

. jﬂints themselves remained uninjured.

“The hauling or driving rope is endless, the two
extremities being spliced together, and, in ‘the case of

~ lines where the gradients are slight, the carrier skips
o or buckets may be attached to it at any point by a

" simple friction clip easily engaged and disengaged,

In the installation under consideration, however,
where the gradients arc of some severity, carrier
collars are fixed on the hauling or driving rope to
engage with locking grips on the carrier frames or
hangerq which grips are automatically relcased by
coming in contact with a fixed tripper bar or rail
at each end of their travel. The carrier collars em-:
ployed are formed in halves dovetailed together so
that they can be slipped on anywhere on the hauling
or driving rope, and sccured with a small rivet with
countersunk heads, by which it is claimed to avoid
the injurious effect of solder on the rope, and the
necessity of cutting and splicing the latter at each
point wherc a collar has to be fixed, as is necessary
when solid thimbles or carrier collars are used.
These carricr collars are 1} inch in cxternal diameter,
and 12 inches in lencth, and they are fixed on the
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with a weight of 2 tons, and tested by repeated blows
of a hammer, no sensible displacement of one of the
carrier collars was found to have been effected.

It has been found in practical working desirable to
change the position of the carrier collars from time to
time so as to equalise the wear on the rope,

The hauling or driving rope is driven by a g horse-
power vertical engine placed under the platform at the
loading or starting station. The crank shaft carries a
pinion 8 inches in diamecter, and making 120 revolu-
tions per minute, which pinion meshes with a spur
wheel 7 fect 6 inches in diameter, keyed on the
driving drum shaft, and the driving drum or pulley
has two grooves lagged with wood. The rope is

[ passed twice round the driving drum or pulley, and
once round a single grooved idle pulley placr::d above
* the latter in the same vertical plane, and it is then led
i away horizontally over two guide pulleys, The return
" pulley at the discharging station is movably mounted
- and weighted to keep the rope taut, the counterbalance
being, as before mentioned, 1 ton 19 cwts.

At each station a fixed rail is provided on to which
the carriers can be shunted, so as to be passed, in the
one case, round the return pulley, and in the other
round the receiving hopper, for charging. Movable
switches are also provided at the starting station to
admit of the carriers being removed for rcpairs &e,

The travelling speed of the carriers is about 2?;
miles per hour.

A fact which has been specially noticed during the
working of this line is that the hauling rope constantly
revolves on its own axis, and alwavs in the same
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The discharging station consists of a platform 66 feet
high, carried on a light but very substantial framing
steadied by guy ropes.

Three intermediate supports or standards are pro-
vided, which consist of wrought-iron lattice posts
bolted to masonry foundations, the highest being 72
feet. Fach standard is provided with two crossbars.
for supporting the carrying and hauling or -driving
ropes, which arc placed one above the other in the
same vertical plane. The hauling or driving rope is |
simply carried on grooved pulleys, but the plan
adopted for supporting the carrying ropes IS a more
complicated arrangement, as by reason of the varia-
tions of temperature, and of changes in the positions
of the loaded carricrs, they are found to have an end-
wise movement to and fro of 10 inches or more. It
the creeping movement of the two carrying ropes be
in the same direction, it is found to tend to overturn
the supporting posts or standards, and if in opposite
directions, to twist them.

When the carrying ropes are arranged to merely
slide on their supports, they soon become set fast, no
matter how well they may be kept greased ; if they.
are carried on simple pulleys, they soon show signs.
of wear from want of sufficiently extended bear-
ing surfaces; if mounted on blocks or carriages
carried on small wheels, the blocks or carriages are
found to work themselves to the one or other end of
their track or path, and to stick there. To overcome
these objections the ropes are in the Beer system
carried on properly formed blocks mounted on pen-
dulum rods having free endwise motion, but prevented
from -oscillatinge sideways by quadrant-shaped guides,



142 ~ AERIAL TRAMWAYS.
v

During work a quarter turn over is given to the
carrying ropes from time to time, so that all sides of
the ropes may be equally worn.

The working staff on this line consists of five
persons—an engine and machinery attendant, a filler,
and a hooker-on at the starting point, a boy to tip the
carrier buckets or skips, and a hooker-on at the
delivery point,

The capacity of the linc is 130 tons of material -
transported to a distance of 9oo feet per working day

- of ten hours, |

The installation is stated to effcct a saving of 66
per cent. as compared with the system previously -
employed.

Installations of Wire-Rope Tramways during Tem-
porary Building Operations in Germany.

As has been alrecady mentioned, Bleichert was the
first to design a wire-rope tramway on the fixed carry-
ing rope principle, and his system is well exemplified
in three installations that were laid down to forts
under construction at Thorn, Ulm, and Masua*
respectively, to supply them with building materials,

In the first mentioned, the ropeway was provided
with two terminal stations, the difference in level
between which was 37.7 feet, and the length of the
line without counting the sidings was 5,019 feet, the "
-~ maximum gradient being 1 in 33.3.
~ The ropeway proper consisted of two wire ropes of

* For full description of these three instalMtions -see

Deutsche Bauszeitung, 1883, pp. 257-269; also Proceedings of
“ e Institution of Ciuil Fnoineere vol Tvvill ni And_ 4ef
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. &
I inch’ and 1.2 inch dlametera the larger being for the
loaded carriers, and the smaller for the empties. The
lines were each firmly anchored at the lower station,
and strained at the other by weights passmg over
pulleys.
The standards consisted of wooden uprights with

- cross-arms, supported by iron brackets, upon which.

|r__.

‘i:-

the ropes were carried at a height of 22 feet above the
ground. | |

. The hauling or driving rope was an endliess wire
mpe of crucible steel, 0.58 inch in diameter, which was
- garried on rollers, and driven by a qtatmnary engine,

'__Thls rope was attached to the carriers by couplings
- or- grips, each of which consisted essentially of an
“eccentric pressing against the rope, and a device

placed directly in front of the stations automatically
lifted this eccentric and released the rope from the .
coupling. .

The carrier receptacles, which were designed for
transporting bricks, were made of wrought iron, of
special shape, lined with wood, and they were so
mounted that they could be readily turned about
their horizontal axes. Each carrier receptacle was
capable of holding a load of 5 cwts., and they followed
each other at intervals of 90 seconds, with a speed of
5 feet per second, or at the rate of about 34 miles per
hour., Forty carriers containing 10 tons were thus
despatched per hour. |

34 horse-power was required to work the traffic.

The second of these wire-rope tramways, or that at
Ulm, although shorter in length than the preceding,

had to surmount a considerably greater elevatmn and
nrecammadnte a far lavroer tvaffce
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The length of this line was 2,808 feet, and its rise
was 204.3 feet. The starting gradient was 1 in 3.8,
after which the steepness of the incline constantly
decreased to the terminus, where the line was level.

The carriers were supported upon steel wire ropes,
0.9 and 1.2 inch in diameter, and the traction, hauling,
or driving ropc was of crucible steel and 0.7 inch in
diameter, the former being anchored at the starting
point, and kept in tension by an automatic arrange-
ment at the terminal.

The ropeway was supported at intervals of 166 feet
upon stout wooden posts or standards securely strutted.

The carrier receptacles or buckets were of special
construction to suit the dimensions of the stones to
be transported; they had iron frames with sheet-metal
walls lined with wooden stakes, which latter were
easily rencwable. |

The traction, hauling, or driving rope was driven at
a speed of 3.28 fect per second, or at the rate of 2.23
miles per hour, and owing to the steep inclines had to
he very sccurely attached to the carriers, the same
reason accounting for the slow speed. The average
load conveyed in the carrier receptacles was 6 cwts,,
and one hundred carriers containing 30 tons arrived
per hour at the terminus,

L1 horse-power was required to work this wire-rope
tramway. |

The 1nstallation at Masua only differed ffom both
the above in its greater proportions and accommoda-
tion.

It was 7,074 feet, or 1.51 mile, in length, with a
difference in level of 2,502 feet between the terminals.

'T‘I'lt:nilﬂ ol v e +11-F£u:n ri‘n{*:nﬁn 4 "'Ln 1n“nﬁﬂl- [ o



INGT,ALLATIONS ON PIXED ROPE S‘;”%TILM s |

1,6 50 feet, and other spans of 840 and 980 feet occurred.
Where the line crossed the Branchi valley it was

carriéd at a maximum height of 328 feet. THhe
- greatest incline was 1 in 1.8, The trace described an

angle of 143° 46, into which a curve of tolerably large
radius was introduced,

- The ropeway was firmly anchored at hoth ends, and_,_'
strained by suitable apparatus placed at four dlfferent

points along the line. |
The carrier receptacles, which contained a load of

4 cwts. each, followed one.another at intervals of 144

seconds, at a speed of 3.28 feet, or 2.23 miles per

hour. - The line was capable of transporting 100 tons.

~per hour, and was worked by an engine of 17 horse-
power.

Inata.lla.tmn of Wire-Rope Tramway at Blast
Furnaces in Hungary -

An installation on the Obach system of wire rope- |

way was constructed some years back in connection
with the blast furnaces at Vajdahiinyad, which is

known as the great Transylvanian wire ropeway,* and ~

was at the time of construction (1884) about the

largest example of this kind of traction in existence.
Obach uses two fixed carrying ropes, and an end-

less hauling -or driving rope passing over horizontal

guide pulleys at cach end, one of which servesasa =~
strainer, and the other of which is driven by 4 steam -

or other motor,

—_————r

* Qasterreichischen Ze H'.i‘u':!?’{ff Jity Berg- und Hiitlenwesens, -

vol. xxxii; 1884, p. 723; Annales des Mines, vol. ix., 188,

p. 1855 and Minules of Procecdings of the Institution of Civil

Enpgincers, vol. Ixxx., pp. 280-182. and vol. Ixxxvi.. pB. AT1E-Ai7.

1
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The total length of the line in question is 100,203.21
feet, or nearly 19 miles, and the total fall 2,926.503
feet. The ropeway crosses sixty hill summits and
sixty-two valleys, twenty-eight of the spans varying
~ from 646.16 feet to 1,571.52 feet in width, the line
being in the latter case 810.36 feet above the bottom

.of the valley. Gradients of 1 in 1} exist in many

places. The line is divided into numerous sections.

The carrier receptacles for the charcoal are of a
capacity of about 173 cubic feet, each carrying a load
of 540 Ibs, and they are coupled to the hauling or
driving ropc so that they can be detached auto-
matically at a station, and run on rails to the next
section, and so on, the carrier receptacles being empty
on the return journcy.

The carricr rcceptacles for the ore have a capacity
of 750 lbs. each, and are provided with tipping gear,
enabling them to be unloaded by one man; when
empty they return continuously by the opposite line.
The number of loaded carriers transported is one -
hundred per hour, two-thirds of which bring ore and
one-third charcoal.

~In the lower scection of the line the gradients are
with the load, so that this portion of the line is self-
acting when fuily loaded, requiring even the use of -
brakes; when, however, the down load is insufficient,
or return freight has to be carried, supplementary
steam power has to be employed.

The highest standard used on the line is 88.8 feet
in height, and 1s located at a point where a crossing
of 2,145.12 feet is divided into two spans of 1,082.4

rn:::-'l- "'}‘I"'IFI ¥ ﬁﬁ"’] o ok | 'Fﬂﬁ"‘ T'I" r'-r"\i'\c'-:.:"'l'-r‘ nr ry r-lﬁr:l—-.Tn I".-n..-..-.n
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prevent injury from bending, and a system of rollers
for the hauling or driving rope to relieve the oblique
‘Strain upon the carrier frame or hanger.

As a general rule the standards are constructed of

round timber, two types being employed, the one for
the heavier scction of the ore line having double
_posts with the line suspended from crosspieces above,
whilst the other for the lighter sections has single
posts with the line overhanging from a T-piece.
Wherever the standards cxceed 49.21 feet in height,
they are provided with diagonal wind bracings.
- The bearing or carrying ropes are supported.upon
the standards in cast-iron shoes, having smooth
grooves where the pressure is light, and bearing
rollers where it is heavy. On slopes the latter are
placed on swinging bearings, so as to take the inclina-
tion of the line automatically.

The ropes used are of the best class of steel wire,
~the carrying ropes being of 17 inch in diameter, and
the hauling or driving ropes of 3% inch in diameter,
‘on the charcoal line, and of 1 inch diameter and 12
inch diamcter respectively on the ore carrying line,

The appafatus for coupling the carriers to the
hauling or driving rope grips the stops on the latter
from above, closing by a sclf-acting motion which is
so contrived that it cannot be released during the
journey either by accident or design, and will pass
frecly over the guide rollers, thus admitting of very
wide spans with rapid changes of slope being traversed
with only a minimum amount of constructive difficulty
in the way of standards.

The cost of transport on the above line is given as
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per ton per mile for ironstone and charcoal respec-

tively, including a sufficient allowance for depreciation
and interest on capital. The cost of the complete
installation was £46,000. '*

Installations of Wire-Rope Tramways at
Mines, &c., in America.

At the Tilly Foster Mines, in the State of New-
York, U.S,, a wire-rope or aerml tramway,* arranged
to both hoist and convey loads, was employed for the
removal of some 300,000 cubic yards of rock, in order
to corivert an old mine into an open, pit, and uncover
about 600,000 tons of ore. The excavation was about
450 feet in length by 300 feet in width, and the skip
load of material had to be lifted up directly at the
place where it might be filled. When the line was
first erected in 1888, chain-connected fall-rope carriers
were used to support the hoisting rope between the
towers, and the carriage consisted of a series of blocks,
with 8 or 10 inch wheels to run on the main cable,”
spaced about every 50 feet, connected with }-inch
chains. These hecavy and cumbersome fall-rope car-
riers were the source of much annoyance. The hoisting
rope only required to be supported every 100 feet, but
with chain-connected carriers the chains themselves
must be supported so as to be out of the way. of
obstructions below ; in fact the chains must not hang
lower than the skips, say 15 feet, thus bringing the
carriers 20 to 30 fect apart,  The weight of the chains -

¥ A full description of this installation will be 'fmmd iR A
paper read by Spencer Miller, C.E., before the Canadian Mlmng

Tevctittite Alarvrrh 1 8AK
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" and carriers was about 1 ton, ' The chains were found

“to swing about and get entangled in the fall-block and
~ with each other, they limited the speed, gave rise to
- an abnormal amount of wear in the cable, added to
the strain, and increased the power required in con-
veying the load fully 40 per cent. In spite of these
~ drawbacks, however, cach of the cableways was found
capable of taking out 10 per cent. more loads per day
~ than a derrick, whilst reaching out 300 fect agamst
only 100 feet in the case of the latter. -

Improved fall-rope carriers were subsequently intro-

~ ‘duced. An auxiliary rope, about 3 inch in diameter,

'Eu%pended above the main rope or cable, was held 1n
~ a parallel position to the main cable by passing under
wheels in the cable carriage, and had secured upon it
a series of buttons, whose diameter increased with the
distance from the head tower. Slots in the head of-
the carriers, corresponding to the diamcter of the
buttons, allowed cach of the carriers in passing down
‘the incline to be stopped at its proper button, the
carriers having small wheels to roll upon the auxiliary
or button rope. The heavy chains were thus dis-
pensed with, and the fall-ropc carriers spaced by
buttons, and weighing in all about 100 lbs, took the
place of the chain-connected carriers which, with the
chain, weighed 2,000 lbs, and caused an increased
‘strain on the anchorage of about 5 tons,

In another installation the button stop-rope carrier
~ was applied to a horizontal line of wire-rope tramway
of 855 feet span, which necessitated the provision of
means for drawing the fall-rope carrier out with the
‘carriage, as gravity could not be depended upon as
in the previous case. For this purpose a horn, pro-
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vided upon the carriage, both lifte the carriers bodily
from the rope or cable so as to dispense with wheels
on which the carrier might run on the main rope
or cable, and also served to hold the carriers when
distributing them along the cable; the carriers are
again picked up by the horn on it return journcy
towards the engine or starting point, The buttons on
the button rope take the carriers from the horn and
leave them spaced along the main cable or rope. at
proper intervals for supporting the hoisting rope, the
buttons increasing in size in a direction receding from -
the head tower, as also do the corresponding slots in
the head of the top of the carricr.

The engine for driving has double cylinders fitted
with reversible link motion, The drums are of large
diameter and of the friction type, one carrying the
hoisting rope, and the other turned with a curved
surface carrying the endless rope, which latter is taken
round it five or more times so as to ensure sufficient
friction to secure immunity from slipping in the oppo-
site direction to that in which the drum is turning,
the ends of the rope are passed over the sheave wheels
on the towers, and made fast to the front and rear
wheels of the cable carriage. The hoisting drum is
independent of the other, and being of the same
diameter, winds at the same rate of speed, and keeps |
the load at the same height if so desired ; it has alse
a band brake by means of which the load can be
sustained. The reversing lever, and the friction and
brake levers, are all brought to a central position
50 that the operator can work all of them without
moving. The load can be hojsted or lowered at any
point under the line of rope or cable, |
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. |
 Further improvements that have been made in this
installation consist, first, in the employment of an aerial
dump, whereby the act of delivering the load from the
skip at any point is performed automatically by the
moving of a lever by the engineman, thus saving a
man for releasing the load, and also greatly reducing
the time required for dumping the load ; and secondly,
in making the entire plant movable, which latter 1m-
provement has practically transformed the cable-way
or aerial tramway into a long distance travelling crane.

An installation of wire-rope tramway at one of the
iron ore mines in the Lake Superior district is fitted
with a self-filling grab bucket, and two others are
used to excavate sand from the bed of a river and

deliver it to bins on dry land, where it is screened and"
shipped to St Louis. One of these plants has made

from 30 to 40 trips per hour, or from 300 to 400 trips
per day, the bucket having a capacity of 1} yards.
The amount of material actually delivered is 18 loads
per day, averaging 18 yards per load, and bringing

the total up to 324 cubic yards; the labour required. "

to deliver this amount of material being one engine-
man, one fireman, and one signalman.

An interesting type of wire-rope tramway for placer
mining has lately been erected at Alder Gulch, Mon-
tana, U.S. The objects of the installation were to
excavate large quantities of material at a low cost per
yard ; to deliver thmaterial at a sufficient height so
that a gold-saving flume could be used of sufhcient
length and grade to thoroughly extract all the finer
gold which escaped the original miners; and finally,
to deliver the tailings at such an elevation that they
would dispose of themselves.

e
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The installation cumprlseq a centre tower cﬂntammg
a hopper, the bottom of which is 40 feet above the
bed rock, and the dimensions of which are 27 by 16
by 8 feet, sloping from each side to a central channel

- 30 inches wide, which channel slopes back to the head
of the flume or the gold-saving sluice, The A-shaped
frame tail support, as originally constructed, being light
and portable, could be easily shifted about the hopper
as a cehtre ; subscquently, however, this tail tower has
been mﬂunted on wheels.

To dig the placer, a peculiar form of drag bucket
is employed, which is carried over the point where the
material is located, and is then lowered to the ground,
-where it automatically settles into a position favour-
able for digging, the carriage being then run forward,
leaving the bucket on the ground. When the direction
of the ropes leading from the carriage to the bucket
is favourable, the hoisting line is hauled in and. the
bucket dragged along the ground, teeth provided upon
. its edge ploughing into and cutting their way through
the gravel, and the bucket becoming completely filled,
" after which it is hoisted, conveyed, and dumped auto-
matically into the hﬂppt’:l‘ o

The hopper tower is built of 8 by 8 inch timber,
and at the top is placed an auxiliary tower, or bonnet,
. which supports the main rope or cable, and revolves
to accommodate itself to the position of the latter,
This is effected without disturbing the ropes leading
from the head of the tower down between guiding
sheaves to the engine. .

A special form of engine is employed, havmg 10 by
‘12 inch cylinders, and drums 33 inches in diameter,
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The main rope or eable is 1§ inch in diameter, and
~of crucible steel. | |

“This line has actually handled over 400 buckets in
- ten hours, each bucket containing 11 yard of mate-
rial, and in spite of the heavy cost of fuel and labour,
the actual cost of the material handled does not
exceed 3 cents per, cubic yard. The labour required
consists of a leverman, fireman, signalman, hopper-
man, and rigger. When a hydraulic giant is effiployed

. to wash the material on either side into a trench dug

by the bucket, there are also required a pipeman and
two ‘assistants to loosen heavy boulders, and move

o them out of the way:.

- Boulders up to 600 Ibs. weight could be eﬁsiiy
picked up by the bucket when loosened, but it is

- found more desirable to keep them out of the hopper,

and confine the bucket work to the more gravelly
material which carries the gold. One man is also -
employed in maintaining the dump and bed-rock
flumes,

A form of lifting and conveying wire-rope tram-
way, known as a “Blondin,” has been in use in the
slate quarries of Pennsylvania, U.S., since the year
- 1860, having undergone but little alteration from
that date. It consists mainly of a rope or cable sus- -
pended on an incline of about 25°. Upon this carry-
ing rope is mounted a cable carriage or traveller
having a rising and falling fall block, and a hoisting
rope which performs the double function of hoisting
the loadato the carriage and conveying the latter ap

the inclined ropeway. R
~ At Keewatin, Ontario, Canada, the Ottawa Gold
Milling and Mining Company have an installation of
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wire-rope tramway having a 450-foot span. The
lowest capacity of the line is of 200 tons per day, and
it 1s worked by belted drums from a line shaft in the
mill, the operator having a full view of the carrier at
all times.

At Danville, Quebee, Canada, the Asbestos and
Asbestic Company Limited employ séven aerial or
wire-rope tramways, with spans from 150 to 450 feet,
capable*of conveying from 2 to 4 ton loads, and a
capacity averaging 200 tons cach pér day. The ropes
or cables arc inclined all the way from 1° to 30"
The horizontal ones cmploy an endless rope and
double drum engines, and fall-rope carriers are about
to be installed on the longer spans. A side hauling
rope is used which is secured to the hook of the fall
block out of line with the cable.

At the Thetford Mines, P.(Q)., Canada, Bells Asbes-
tos Company Limited have six acrial tramways of
200 to 400 feet spans inclined at about 45°. The
combined output of all these lines is, however, stated
to be only 500 tons a day, so that one installation
with modern improvements would apparently easily
perform the work of the whole six.

At Belle Island, Conception Bay, Newfoundland, a
double rope acrial traimway having a span of 300
feet is used for working a bed of iron ore averaging
8 feet in thickness, dipping at an angle of about 20°.

During the construction of the water-power dam
on the Colorado River at Austin, Texas,* a wire
ropeway was in use which deserves some notice,
The cable was suspended on two towers, the one in

% Baroissroosssrea Momare Waw Vorle 1804



" INSTALLATIONS ON FIXED ROPE SYSTEM. 1535

- 5

which the hoisting engine was situated being 70 feet

-in height, and the other, on higher ground, being 30

feet in height. A carrying rope of 2.5 inches in

diameter, and 1,850 feet in length, was used, and the
length of the line between the points of support was
1,350 feet.

Installations of Wire-Rope Tramway at Cement
Works in France. .

A wire-rope tramway used for transporting from
the top of Mount Jalla, which rises above the town of
Grenoble, the material for the manufacture of the
Porte de France cements, affords another interesting
example of this mode of transport. *

The line consists of a single span of 1,970 feet in
length, and the vertical distance is 1,017 feet.

Two fixed steel wire ropes or cables are provided,
both having diamcters of 1.77, or about 14 inches.
One of these ropes is anchored in the rock at the
top, and kept stretched by being wound round a drum
at the bottom, and on this line a carrier adapted to.
transport about a ton load of stone is run. The
second ropec or cable supports another carrier which
is connected to the first carrier by an endless cable of
0.709 inch in diameter, passing round a brake pulley
at the summit, and round a second pulley at the
base, which latter is secured to a loaded frame running
on four wheels up and down an inclined plane, so as
to maintain the requisite tension of the cable constant,
and regulate the motion of the carriers. It will be

¥ For full description of this installation see Ze Génie

Civil, vol. vii., 1885, p. 369 ; and Aunales des Ponts ef Chaussées,
822 n 100



156 AERIAL TRAMWAYS,

. -
seen that by reason of this arrangement the descent
of the loaded carriers is utilised to draw up the emipty
carriers, |
The ascent of a carrier occupies about 1} minute,
the whole operation, including loading and empty-
ing, being stated to be performed in the remark-
ably short time of threc minutes, the travelling
speed being about 20 feet per second, or nearly 14
miles an hour. The -carrier geceptaclea have a
capacity of about 32 cubic fect, the boxes being
slung below hangers or frames each carrying two
'gmﬂved pulleys running upon one of the fixed
cables, |
This wire-rope tramway was crected in IS74 at a-
cost of £620, and admits of a supply of 120 to_ 150
tons of stone per day of twelve hours being delivered
to the cement works. i o
A second line, crected in 1875, supplies stone to
the works from a lower quarry, the latter bemg, how-
ever, only 1,000 feet in length, h
At the time of erection the single span of the
first rope or cable way, which it will be seen is one of
nearly 2,000 feet, was remarkable for its length, being
in fact supposcd to have been the longest then in
existence, although at the present time ones of con-
siderably more than double that length can, as has
“been already mentioned, be easily negotiated. |

Installation of Wire-Rope Tramway for Temporary
Work in France. .

The following is a bricf abstract of a description of
a wire ropeway employed for the transport to the site
. of the materials required for the construction of the
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fort of Tournoux, near Condamine, in the Department_
~ of Hautes-Alpes. " | |

- The difference of level between the fwo terminal
stations is given as 1,525 feet, the horizontal distance .
as 2,307 feet, and the length of the ropes or cables as

2,760 feet, the load carried being 10 cwts.,, and ten
journeys being made in the hour.

The type of wire-rope tramway employed was that
wherein two fixed ropes or cables arc used to carry
the loads, and an endless cable is provided to haul
them.. |

The diameter of the carrying ropes or cables was

I.2 inch each, and that of the hauling rope or cable
0.56 inch, a single span being employed. The hauling
or driving rope was made with a hemp core or centre;
and had six strands having six wircs each. The
proper tension of the rope was maintained by passing
it round a sheave on a movable carriage at its upper
end. The driving machinery was located ‘at the foot,
the drum being 6 feet 7 inches in diameter, and the
rope having only onc half-turn on it. Motive power
was derived from a 15 horse-power stecam engine.
- The total cost of the whole installation was 41,200,
the working expenses and maintenance being 41,
8s. 2d. per day; and if the sum of £2 per day be.
added for the purpose of cxtinguishing the capital
outlay, the cost per ton conveyed would amount to
nearly 1s. 4}d. when 50 tons were transported per
day, whilst the cost of carrying by carts would have.
been over 6s. 81d. per ton.

——a. " & - -

* Le Gdnie Crodl, vol. xx., 1892, p. 340.
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Installation of Wire-Rope Tramway at Lead Mines
- in France. |

A good example of an installation* on the double
fixed rope system is a line crected at the Sentein lead
mines near St Girons, in the Pyrenees, France, the

details of which arc shown in IFig. 66.
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F16, 00. —Installation of Wire-Rope Tramway at a Lead Mine in
France : Details of Construction. '

The inclines in this ropeway are five in number, the
lower terminal of one incline joining the upper terminal
of the next incline, and so on, suitable points for these

¥ See naner by Willlam  Thomace THennew  (Corvim oo
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terminals being found at the ends or sides of
the spurs of the mountain near the line of the wire
~ ropeway. | |

- The following are the lengths and inclinations of
the sections:—No. 1, 813 feet in length, with a fall of
99 feet; No. 2, 2,025 fect in length, with a fall of 6go
- feet; No. 3, 1,230 feet in length, with a fall of 270
feet; No. 4, 2,034 feet in length, with a fall of 1,290
feet ; and No. §, 1,530 feet in length, with a fall of
300 fect,

The No. I incline commences at the mouth of the
mine, and forms a junction with No. 2 incline at the
edge of a cliff about 300 feet high. No. 2 incline
crosses a span of 2,025 feet, and joins No. 3 incline at
an elevated point on the steep side of the mountain,
a small platform being cut out of the latter for that
purpose, No. 3 incline stretches across a deep ravine,
and effects a junction with No. 4 incline at the extreme
end of a spur of the mountain, a flat space being cut
off-its pointed top, the sides shelving at an angle of
60° with the horizon. No. 4 incline spans a valley
2,034 fect across, and about 1,500 feet deep, and joins
No. 5 incline on the side of the mountain. No. g
incline stretches thence down into the bottom of the
valley, terminating close to the cart road to the works.
These inclines are identical in principle, differing only
in length and gradient.

The lines consist of two crucible-steel fixed carrying
ropes of 75 tons breaking strain, anchored at the upper
end, and stretched across the space between the ter-
minals, the lower end being held by a pair of blocks
fitted with flexible steel-wire rope, by which the fixed
ropes are tightened. At each end they pass over a
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massive masonty saddle, as shown in the lower _vievﬁ
in the drawing (Fig. 66). |
Fitting the tightening blocks with a long flexible
rope allows of their being slackened out enough to lie
on the grc}und for the purpose of repairs; the stram
put on them is about 12 tons.
 The carrier receptacles for the ore are made of steel
plates ; they measure about 2 fect g inches long by 2 .
feet wide and 2 feet deep, and are intended to carry .
from 14 to 15 cwts. cach; they are each hung on the
fixed carrying ropes by means of a curved frame or
hanger, fitting into a pair of plates carrying between
them two deeply-grooved steel wheels 15 inches in
diameter on the treads, which fit the fixed carrying
rope. These plates also carry a small safety wheel
~ located under the rope, and which is placed so as nor-
mally not to touch it, but which will prevent the larger
grooved wheels being jerked off the carrying rope.
The carrier receptacles are arranged to empty by
~ the bottoms falling on the turning of a handle fixed
to their sides. A carrier is placed on each of the two
parallel fixed carrying ropes, and the two carriers are -
connected by a light wire rope of 7 tons breaking
strain, of such a length that when one carrier is at the
upper end of one rope, the other will be at the lower
~ end of the second rope. For example, if one carrjer
- be charged with 14 cwts. of ore while standing on the
upper end of one of the fixed carrying ropes, it will
run down this rope by gravity, dragging up the empty
carrier on the second fixed carrying rope by means
of the light hauling or driving rope, the speed being
governed by a powerful brake chatcd at the end of -
the incline. |
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~ This brake gear, round which the hauling or driv-
ing rope 1s passed, consists of two vertical drums or
wheels, 5 feet in diameter, having grooved wooden
- rims, placed 5 feet apart, each wheel being fitted with
a powerful brake, The hauling rope is passed over
the first of thesc vertical drums or wheels, next round
a wheel 5 feet in diameter, placed horizontally in front
at the feet of the two vertical wheels, and then round
. the second vertical drum or wheel. This plan is said
to produce an adhesion to the two vertical brake
drums or wheels equal to rather more than that
derived from two half turns on these wheels. A
‘second hauling or driving rope of the same size con-
nects the carricrs by passing round a horizontal
drum at the lower end of the incline, and the latter is
arranged to bc drawn back by means of a screw,
to regulate the tension on both the hauling ropes.

Owing to the grcat elevation at which most of the
stations are situated, the work of crection was difficult
and expensive. The conveyance of the ropes up the
mountain was espccially so; the total weight was
about 30 tons, and they had to be divided into coils
weighing 20 cwts, each, as it was found impossible to
take up a heavier weight by cart, and cven then .in
conveying these 20 cwts. or I ton coils to the upper
- parts of the line five horses were required to each, and
only one coil per day could bhe delivered.

The transport of the machinery, carriers, &c., was
equally, if not more, difficult and expensive,

In building the masonry saddles, owing to the
frequent occurrence of frost at night, even during the
earlier part of the autumn, it was found to be impaos-
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masonry saddles were therefore strengthened with
- massive timber trestles, fixed round the stonework,
which assisted them in taking part of the vertical @
strain. By arranging the junctions of the a.d_]ﬂlnmg
sections the strain of one was made to balance to a
considerable extent that of the qther, and-by the
arichorage of the fixed ropes of each of these sections
to the same foundation beam, which was placed under
the saddles, and also strongly bolted down to the rock,
the weight of the masonry is made to act to materially
increase their security., -

The inclines joining onec another at a horizontal
angle, and on very confined spaces of ground, render
it necessary to transfer the contents of the carrier
receptacles from one section to the next by means of
small tip waggons running on a short and slightly
inclined rail, between the point where the loaded
carrier stops to discharge, to that where the empty
carrier stands at the top of the adjoining section.
- These waggons can easily be run with the assistance
of one man, who, when he has discharged the contents
into the empty carrier, pushes it back mto its place,
ready to reccive the contents of the next loaded one.
A similar arrangement is of course provided on both
sides of each station.

Had it been possible to obtain better and more
spacious sites for the stations, the usual arrangement
of placing the anchorages so that one carrier could .
tip its contents dircct into the empty carrier on the
adjoining scction would have been adopted, and the
lower ends of the fixed carrying ropes could then have
been anchorcd by means of weights. .

The carriers are aliowed to run by gravity at the
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comparatively h.igh speed of about 25 miles per ho-ur., '

and when the brakesmen have become accustomed to
their duties, it is found that they can regulate this
~_speed to a nicety, and bring the carriers to a stand-

" still at the proper points with perfect smoothness and

accuracy.

The quantity of ore which can be transported by
these inclines depends, of course, on what can be got
over the longest section; and while, owing to. the
exigencies of the route, it was necessary that the
sections should vary greatly in length, it was attempted
to equalise their carrying capabilities by making the
longer sections steeper than the shorter ones, thus
enabling the carriers to be run on the former at a
higher speed, a plan which is found to be to some
extent successful.

In putting up a series of inclines, such as those
described, it is most advisable to equalise, as far as
possible, the carrying powers of each section. |

The amount of ore which has been regularly
brought down by this system has been from 70 to 8o
tons per day, but if sufficient mineral were provided,"
100 tons per day could be transported. A trial with
the 2,025 feet (No. 2) section, before the men had
become thoroughly acquainted with its working,
proved that 12 tons per hour could be taken down.

The cost of carriage is about 2s. per ton, exclusive
of maintenance, which may be taken at 1s. 2d. per
ton, or making a total cost of 3s. 2d. per ton.

The maintenance charge on this installation is
exceptionally heavy, owing to the very exposed

. situation, and to the fact that for two months of the

winter at least no work can be done, the plant mean-
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_ while being exposed to the full
deteriorating action of the weather.
This wire-rope tramway admits
of the transport of mineral being
carried on without stoppage while
the roads are buried in snow to a
depth of several feet. Thus the
works can be supplied with ore for
a much longer portion of the year
than would be possible by any

other means of transport.

e ene s L4
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Installation of Wire-Rope Tram-
way at Gas Works in London.

An example of a short line of
single fixed wire-rope tramway is
shown in Fig. 67. This ropeway
was erected at the Nine Elms
Works of the London Gaslight
Company,* where it was used for
the transportation of about 23
tons of coal per hour across a
dock, a distance of 450 feet
between the supports,

The load was taken up a
nominal incline of 1 in 19, and
conveyed in a carrier receptacle
orbucket-which held about 17cwts,
The carrier was drawn along the

FiG. 67.—Installation of Wire-Rope Tramway at a Gas Works 1n London.

* This wire-ropc tramway has been
subsequently removed to make room for

viilding aneratinnes
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9 :
fixed carrying rope by an engine of 6 horse-power, at

a speed of § miles an hour, and the contents were
tipped into a hopper; after which the carrier was
run back again at a speed of 1o miles an hour,
and brought under a hopper from which it was
loaded.

The single carrying rope used was one of crucible-
steel wire, of 40 tons breaking strain, which was
stretched across the dock. The upper end was fixed
to a timber framing, attached to the retort house at
about 45 feet from the ground, the attachment being
tied back by another wire rope, exactly on the same
line as that over the dock, the end of which was
anchored to the opposite wall of the house necar the
ground. The lower end of the rope across the dock
was held by a weight of 4 tons acting on the double
purchase system, which thus exerted a strain of
about 8 tons, and the strain on the rope being thus
kept constant whether a loaded carrier was running
upon it or not.

The carrier receptacle was of iron and held 17 cwts.
of coal, and was suspended by means of a curved
hanger or frame fitting into a running head or
traveller which rested on the fixed carrying rope.
This runmng head or traveller was formed of two
strong 1ron plates carrying between them, one near
each end, two deeply-grooved cast-iron wheels, about
g inches in diameter on the treads, and made to fit the
fixed carrying rope, and the edges of their rims being
turned true so as to also run on the rail under the
lﬂadmg hopper. The wheels were mounted on steel
pins fitted between the wrought-iron plates, through
which latter, between the wheels, the curved. hanger
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or frame attached to the cariier receptacle also passed.
The bottom of the carrier receptacle could be let fall
‘by a simple arrangement of lever and catch.. |

- At the lower or loading end the carrier ran off the
rope on to a rail, where it stood with the receptacle
under the door of a hopper. When loaded it was
drawn across to the discharging end, hanging on the

fixed rope by mcans of the running head or traveller,

at a speed of 5§ miles per hour, and as already men-
tioned up a nominal incline of 1 in 19, but which
owing to the bend or sag in the rope was often in
reality as much as 1 in 10. The head or traveller
with its suspended receptacle was moved along the
fixed rope by a small crucible stccl wire hauling or
driving rope of 4} tons breaking strain, which was
passed round a horizontal drum mounted at the
upper end of the line in the wooden frame which
carried the attachment of the fixed carrying rope,
and put in motion by a simple arrangement of driv-
ing gear consisting of a horizontal wood-rimmed
- .drum driven by bevel gearing, so that it could be
- moved at § miles per hour in the forward and at
10 miles per hour in the backward direction. This
driving drum had two parallel grooves, and by means
of a smaller drum placed at one side of it the hauling
rope was made to pass twice round certain portions .
of its circumference, and thus increase its driving
power, as well as admitting of taking up any small
amount of stretch in the hauling or driving rope.
The driving gear was mounted on a substantial
- wooden frame, and alongside it was located the
small engine of 6 horse-power which provided the

" *
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‘that 30 Ibs. of steam (8 horsc-power actual) drove

the'engine at the required speed. o
The labour employed when working full capacity

 comprised one driver, one trimmer, and one man at

the discharging end.

The routine of working was conducted as follows +—

The carrier having arrived under the loading hopper,
the driver pulled up the door, and the receptacle or
bucket was filled, the trimmer levelling with a shovel
the coal as it fcil. The driver then shutting the
hopper door, engaged the forward motion of the driv-
ing gear, and the loaded carrier was drawn across to
_ the discharging hopper. The driver then put on the
brake and stopped the motion of the carrier, and on -
receiving the signal from the man at the other cnd
that he had empticd the carrier receptacle or bucket
and replaced the bottom, put the backward gear in
motion so as to draw the empty carrier back to the
loading hopper at a spced of 10 miles an hour. In
regular working the whole of the opcrations described
eccupied two minutes, so that thirty runs were made |
per hour. Including filling and emptying, however,
it is said to have been found practicable to make
thirty-five runs an hour, and cven ten runs in fifteen

minutes. i
" The cost of labour was found to be 0.88 penny per
ton ; the renewal of ropes, wheels, and gencral main-
tenance 0.4 penny, of which the ropes absorbed 0.26
penny. In all, excepting fucl, the cost of loading,
“transporting up 450 feet of an incline of 1 in 10to 1~
in 19, and discharging, was 1.28 penny per ton. The
e cact of the machinery. ropes. and steam engine
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- Imstallation of Wire-Rope Tramway at Saw-Mills
in Italy.

Fig. 68 illustrates a double fixed wire-rope tram-
way on Carrington’s system erected in 1880 at Santa
Maria di Capua, Monte Penna, Caserta, Italy. This
line is about z miles in length, with an average
tncline of about 1 in 5. It is used to carry timber
and charccal from a forest to the saw-mills of the
company, and passes over a very mountainous country,
as will be seen from the sectional view.

The down or heavy load line is a steel wire rope
3% inches in circumference, or about 1.2 inch .in
diameter, with a breaking strain of 42 tons. The
up or light load line is a steel rope 3 inches in cir-
cumference, or about .g6 inch in diameter, with a break-
ing strain of 23 tons, and the hauling or driving rope
is a plough steel rope 1} inch in circumference, or
about .48 inch in diameter, with a breaking strain of
from 8 to ¢ tons. |

The section of the line shown in the illustration is
8,562 feet in length, and in that distance the ropes are -
supported at twelve points on posts or standards, the
unsupported spans varying in length from 93 feet to
2,229 feet. The posts or standards shown in side
and front clevation are 23 feet in height, a carrier
being also shown to illustrate the mode of support.

The fixed carrying ropes are kept at the required
tension by box weights suspended at the upper ter-
minus (Carignone) to a strong wooden framework,
and at the lower terminus (Santa Maria) in wells or
pits especially excavated for the purpose.

The hauling or driving rope passes over a hori-
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zontal drum, with brake gear attached at the upper.
terminus, and round vertical driving and brake drim’
gear, guide wheels, and a horizontal slide drum, &c.,
at the lower terminus. The horizontal slide drum
regulates the tension of the haulmg or clrwmg rope:
to the required tractive force. * |

The line is driven at a speed of 4 miles pﬂr hour,
the motive power being derived from a turbine, and
it can be set in motion or stopped by the person in
charge in the station house of the Santa Maria ter-
- minus, from which comrhunication is carried on with
the Carignone terminus by an clectric bell telegraph,

The loaded carriers are placed on the line 1,423
feet apart, at which distance rings are spliced into the
hauling or driving rope, through which rings shackles
are passcd to connect them to ear-picces on the carricr
“heads. There are six carriers on the down line, and
stx on the up line, one of which on each line is
arranged to arrive at the stations simultaneously.
On arrival they arc disconnected, and the haulmg or
driving rope is moved on until the rings are in posi-
tion to attach on the opposite side. llere another
carrier is connected, and the line is again set in
motion.

The carriers and slings for the timber we:gh 5
-cwts. each, and the loads vary from 6 cwts, to 2§ cwts.,
according to the size of the logs of timber, &c., the
usual loads, however, being abuut 12 cwts. each, smgle
logs of 25 cwts. being only occasionally brought down.
All necessarics for the workmen in the forest are sent
up on the light load line in weights up to 14 cwt.

This ropeway is constructed in a very substantial

Aot e oot oo et bone Foe Al ol e
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F1G. 69.—Installa®on of Wire-Rope Tramway in the Italian Alps:
Lower Terminal 2nd View of Line.

[ 70 face page 171.
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~ &c., have been injected with a SGIutmn of sulphate of
- copper to retard decay:. | |

The total cost of the line was £4,000, including the
construction of a shart inclined railway at the Santa
Maria terminus, tclegraph terminal arrangements, &c.
1t is capable of conveying eight loads per hour, or
- per day of ten hours as many as two hundred logs of
timber, 10 feet long by 15 inches in. diameter, or 320
sacks holding 235 tons of charcoal.

“The cost-of working the line is about £4 a day,
. nearly 50 per cent. of which sum is ab::urbcd for wear
and tear of the ropes and machinery.

The fnllnwmg are figures showing two years warkmg“
of this wirc ropeway :— -

1887, 1380

- Total number of loads carried ... 11,545 8,089
- Number of logs carried ... v - 11,127 10,200
Nuamber of sacks of charcoal 22,659 18,589

Wages of tramway staff per load ... Lira*o.76 Lira 1.38
Stores, new ropes, I'Epd.ll‘b, &c.,, | | |

per load . 0,30 s
Average number of lnﬂds per -
working hour .. oo 5.0

Natf *-Thﬁ 1887 working season, owing to bad weather, unly

-began in May and finished in Nnvemher, a period of only six
- months’ duration,

Installation of Wire-Rope Tramway in the
. - Italian Alps.

Fig. 69 shows the lower terminal and the line ex-
tendlng away to the upper terminal in the far distance
on the mountain-side; and Fig. 7o illustrates very
clearly the construction of one of the mtermedlaté

¥ T ien arenda ~14
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posts or standards of a line of wire-rope tramway con-
structed in the Alps at Pinerolo, Piedmont, Italy, by
Bullivant & Company Limited, on Carrington’s system

T T T

|
i
E.
!
g
1;.

Fig. 70.—Installation of Wire-Rope Tramway in the Italian Alps :
Post or Standard.
of double fixed ropes with two carriers, a general de-
scription of which arrangement has been previously
given on pages 9 to 13. In this type of line two parallel
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fixed carrying ropes are used, and a carrier is mounted
on each rope, which carriers are so connected that when
one of them is descending one rope the other one will
be ascending the other rope, and vice versa.
The views illustrating this installation are repro-
ductions from photographs of the line taken when at
work,

|
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F1G, 71.—Installation of Wire-Rope Tiamway at Fortifications,
Gibraltar : General View of Line.

Installation of Wire-Rope Tramway at
Fortifications, Gibraltar.
Fig. 71 1s a general view, and Fig. 72 is a section,
showing an interesting example of wire ropeway for
both passengers and goods working up a very steep
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incline, constructed at Gibraltar for the War Office.
The line, which is of a similar type to that which has
been just described, is used for the transport of stores
and goods of all kinds to various stations situated at
different levels on the rock, and also for the convey-
ance of workmen.

The length of the line on the incline is 2,200 feet,
on the level 1,880 feet, the vertical height is 1,240 feet,
the average incline is 1 in 1.6, and the longest span is
one of 1,100 feet.
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F16G. 72.—Installation of Wire-Rope Tramway at Fortifications,

&

(ibraltar : Section.

- The loads carried on this wire-rope tramway are of

t 10 cwts. or more, and the arrangement is such that one
load travels up the incline whilst the corresponding
load travels down.

- Installation of Wire-Rope Tramway at Water
- Works, Cape Town.

Fig. 73 shows a section, and Fig. 74 the upper
terminal, of another installation, a portion of which

il
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- is also on a very steep incline. This tramway is on =
R ’ : . M " . - 3 1:!"__
- Carrington’s single fixed rope system, in which a ==
~ single carrier mounted upon the latter’ is hauled to =
e "R ;
A E
e o
A ey

A ::

| TOTAL LENGTH 5280 ft. 0 7
FIG. '}'3 -——Installa"tmn of Wire-Rope Tramway at Water Works in e
- South Africa : Section.

-*“ i 3 :

el and fro by means of an endless rope, a general
67 dESEﬂptlDI‘I of which arrangement has been already =

o =y |

FiG. 74.—Installation of Wire-Rope Tramway at Water Works,
South Africa : Upper Terminal Station.

’”";g:'; ¥ gwen in a previous chapter. It was constructed up #’“
_ the Table Mountain near Cape Town, for the corpora- :
: ".';".;_tiomof that c1ty, and used for the purpnse of carrying
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the materials and machinery required for the con-
struction of their new reservoirs, which are situated’
on the mountain at a level of 2,168 feet above the
city. The nature of the country to be passed over
opposed great difficulties to the successful erection of

this wire-rope tramway, which difficulties cannot be
~fully realised from the section. |

The line, as already mentioned, is on the smgle
fixed rope principle, and the single carrier is run on
it at a speed of about 8 miles an hour by the endless
hauling or driving rope which is attached to it ancl
passes round suitable gears at each terminal.

‘The motive power, which consists of a steam
engine, the driving gear, and a powerful brake arrange-
ment, are located at the lower terminal or starting
point. Tightening or straining gear is- pmv:ded at
the upper terminal.

The length of the line on the level is s, 280 feet or
exactly 1 mile, and the average incline is 1 in 2.5 ;
the two longest spans are one of 1,470 feet and one of
1,380 feet.

Loads of 15 cwts. and upwards can be transported
with safety on a linc of this description,

Installation of Wire-Rope Tramway as a Pier”
in South Africa.

In Fig. 75 (frontispiece) is iHlustrated the sea-stagmg,’
with the rope and carricr in view, of an installation. of
wire-rope tramway, also constructed on the same prin-
ciple as that at Lape Town, which has just been
described.

—

¥ For description and illustration of wire-rope tramways on the -

filﬂﬁll"lﬂ' M»r ﬂr\r”p:::: raTydsy Ot F oo .
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This aerial or wire-rope tramway line, as well as the_ -
| ;m:—:ﬂﬂus one, and several of the other instatlations
mentioned, were constructed and erected by Ballivant
& Company Limited. It is for the purpese.of con-
. veying materials from ships Iymg alongside the
staging, to the shore, in a locality in South Afriea
where the surf is of such a character as. not to admit
of vessels lymg closer to land. The crane for lifting
the materials out of the vessels is worked by the
“motion of the endless hauling or driving rope or cable.

‘The illustration is a reproduction of a photograph
showing the line in actual work.
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TOTAL LENGTH 6300fT

F1c, 76.—Installation of Wire-Rope Tramway at Sugar Factory in :
Hong Kong : Section,

Installation of Wire-Rope Tramway for Passenger
| Traffic at Factory in Hong Kong.

- Fig. 76 is a sectional view, showing a passenger
. rope or cable way constructed at Hong Kong for
conveying the workmen of a large sugar usine or
" factory to their quarters in the mountains— The
length of the line on the level is 6,300 feet, or about-
1} mile, and the vertical height is 1,090 feet.
The carrier or vehicle is adapted to accommodate,
six men, and when fully loaded has a gross we1ght nf
about 1 ton. - , |
This line has been in continuous work for six years
without failure or stoppage.
M
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_ _ Steepest Inoline 1in 1%.
TOTAL LENGTH 50081
F1G. 77.—Installation of Wire-Rope Tramway at 2 Mine in Japan : Section.
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Installation of Wire-Rope Tramway at a Mine
in Japan.

- Fig. 77 shows another example of a fixed wire-rope
tramway working up a steep incline. The line in
question, which is located in Japan, serves to transport
minerals from a mine or quarry situated at a high eleva-
tion to a railway running along the foot of the mountain,

The length of the ropeway is 5,004 feet, the vertical
height is 2,490 feet, the average incline is 1 in 2, and
the steepest incline is one of 1 in 1.5,

By reason of the sudden change of the incline at
an intermediate point, the section presented special
obstacles to surmount, and this application represents
as difficult a one as could be well met with.

The carrier receptacles or buckets for conveying
the minerals contain about 4 cwts. each, and are all
fitted with automatic clips or grips which are arranged
to grip the hauling or driving rope at any point, and
release themselves automatically on striking against
a wiper or plate fixed in a suitable position at each
of the terminals,

A specially designed power absorber deals with
the greater proportion of the vast amount of power
~ developed by the descent of the comparatively large
loads on such a steep incline, thus rendering it practi-
cable to control the line by means of the ordinary
brakes with the utmost facility. '

Installations of Hlectrically Driven Wire-Rope
Tramways in BEngland.

An installation of a wire ropeway on the fixed
carrying rope system, in which electricity is used as
the motive power, and the arrangement is what is
sknown as telpherage, was erected some ten years ago

*
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at Weston, in Somersetshire, and about the .same
time an overhead telpher line was also working at
“Glynde, in Sussex. | |

A description of telpherage has been given in a
previous chapter, which has been entirely devoted to
the subject, so that we need not here enter into an
account of any of the constructive details.

With the first installation Professor Jenkin, M.L.C.E,
experimented very fully for about four months, during
which time the fall and rise of insulation resistance
were found to be exceedingly sharp, ranging from
2 megohms to 3,000 ohms. The line, which was only
666 fect in length, was tested three times a day by Mr
Lineff for Professor Jenkin. |

The line working at Glynde was completely in the
hands of labourers, who, it is stated, were found quite
competent to do the work, and during six months’
operation no accident happened except to the armature -
of the fixed dynamo machine. This line was erected
in a brick works, and the materials were carried ata
low rate of speed in a continuous succession of carrier
receptacles or skips containing from 2 to 3 cwts. each.
It must, however, be observed both, that the above
brief run on a short and level line was hardly sufficient
to conclusively show the adaptability of the system
for use by unskilled attendants, and that the labourers

. having presumably received a certain amount of pre-

~liminary training of instruction, could not be compared
to' completely unskilled and unsupervised men, or to
the native labour usually employed on such lines in-
out-of-the-way locations abroad, where, moreover, as
a rule, skilled assistance is not easily available at any
time on the occurrence of an accident, as it is here. o

-~



CHAPTER VI

SPLICING AND SECURING WIRE ROPES—ORDINARY RQPE

ATTACHMENTS—PRESERVING WIRE RoPES—MISCEL-
LANEOUS INFORMATION,

THE splicing or otherwise securing together of the

‘ends of wire ropes, and the fastening of rope attach-

ments to the ends of such ropes, forms an important
feature in their use in wire-rope or aerial tramways.

Splicing Wire Ropes.

To commence with' the operation of splicing, a six-

strand wire rope is that which allows of the most

perfect and ncatest splice being made, inasmuch as

‘the strands are then the exact size of the core of the

rope, for which they can be readily substituted when
the latter has been removed to admit of the strands

taking its place.

‘A five-strand rope forms, however, a very strong

splice, because of the strands being somewhat larger

~ than the core of the rope, and consequently in.

the finished splice the exterior strands gripping or

- pressing .very firmly upon the inserted strands, and

'
.
—-

tending to prevent the splice from drawing. A draw-

back ta this splice, however, is that the bending of
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the rope round a pulley frequently causes the Strands
to protrude, 'f .

When forming a splice every precaution shonld be

taken to see that no ends are left projecting, or no
- thick parts formed in the rope, - |

The first thing to be done is to bring the two
extremities of the rope taut and overlapping some
20 ‘feet by means of a block and fall. About 10
feet of each end must then have the strands opened
. and the core or centre cut off closely, and the bunches
of strands brought opposite to ecach other as shown

dof 123

2ba 466
Fra. 78.—Splicing Wirce Ropes : First Operation,

in Fig. 78, so that the opposite strands may interlock
regularly with one another. |
Next, unlay the strand marked 2 of one rope end,
and follow up with the strand marked 1 of the other
rope end, laying it tightly into the eroove left open
by the unwinding or unlaying of the strand a, causing
¢the twist of the strand to correspond exactly with the
lay of the open groove, until the whole of strand 1, up
to about 6 inches, has been laid in, and strand & has
become 20 feet long. Then cut strand a off within
G inches of the rope leaving two short ends ac cheo
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in Fig. 79, which ends should be temporanly secured
by tying. |

Now unlay the strand marked 4 of the opposite
rope end, following it up with the strand marked f
laid into the open groove as above described, and
treat in an exactly similar manner; following like-
wise the same procedure with the strands marked &
and 2, but stopping within 4 feet of the first set, *
then with the strands marked ¢ and 5, c and 3, and &
and 6, when all the strands will be laid into each -
other’s places with their respective ends passing each
other at points 4 feet apart as shown in Fig. 8o.
- Lastly, to secure and dispose of the ends without

increasing the diameter of the rope, these ends should

be well straightened and lapped with fine hemp siez-
ing, a marlinspike should be inserted through the
centre of the rope, and 6 inches of the core or centre
cut out, the end of 1 being then placed under @ and
~ tucked into the space previously occupied by the core,
and a 6-inch length of core being cut out on the other
side the end of @ should be inserted into its place in .
~ the same way. The other ends should then be dis-
posed of in a similar manner, taking an end alter-
nately from one side and then from the other.
 Finish off- the splice by well closing the rope, and
removing any unevenness or irregularity by hammer-
ing with a wooden mallet.

Additional strength may be ensured by passing the
end of No. I strand over strand a, and strand & over
strand No, 1, by which a very tight grip is obtained,

~ and the sphce rendered capable of withstanding very
severe strains.
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Secm'mg era Ropes in Sockets, &c.

~ As regards methods for securing the ends of wire -
“ropes together by means of sockets, and of fastening
them -to various attachments in common use, nume-
rous plans have been devised, some of which have
been briefly alluded to when describing certain par-
ticular installations, and the following are a few
~ amongst the many others. |

R. S. Newall, as far back as 1840, prﬂvided for
securing the ends of wire ropes by passing each end
into and through a conical thimble, doubling back
the ends of the strands and pulling back the rope
until the doubled part fits the thimble, when by
pouring melted brass amongst the ends of the
- strands’ they are prevented from being drawn out
of the thimble. The two ends having been thus
secured in their respective thimbles, the latter are
screwed together by means of a right and left
handed screwed connecting piece, and are fixed or
iocked in place by means of pins A hook or an
eye may be fastened to the rope in a like manner.
- A socket for wire ropes which is fairly qattsfactury' |
~consists of a taper or conical cap made of iron or
steel and fitted with a soft metal lining, which cap is
~placed round the rope end. The rope end is then
brought into proper position -and- forcibly driven out-
wards against the lining within the -socket, a taper
plug or wedge also made of soft metal similar to the
lining being inserted to hold the wire ends asunder.
A bolt is also fitted which is intended to carry the
load, or to connect another socket, and which passes
through a double eye. This device possesses the

.
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advantage of admitting of the process- of sécketing
being eastly and rapidly performed. .

Another good form of socket consists essentially of
a taper or conical iron, stecl, or other metal socket
picce, the internal diameter of the smaller end of
which is somewhat larger than the circumference or
girth of the rope to be secured in it. Taper or conical
wedge or locking pieces are placed round the end of
the rope, which wedges are of such dimensions that
when the rope is drawn tight into position in the
socket, and the wedge pieces jammed between the
inner face of the former and the rope, they will be at
a certain distance from the smaller end of the socket.
The result of this arrangement is that the more the
force exerted to draw the rope from the socket, the
tighter will the wedge or locking pieces become
jammed and tend to hold it in place therein. The
surfaces of the wedge or locking pieces next the rope
may be serrated or roughened, and sufficient clear-
ance should be provided between them to admit of
their tightening upon the rope as the latter becomes
compressced through the pressure exerted upon it

In an arrangement somewhat resembling the above
the wedges are constructed in two parts, the one out-
side the other, the outer face of the inner part having
rounded projections adapted to fit into corresponding
recesses in the inner face of the outer part. The com-
ponent wires of the rope are bent over the end of the
inner part, and will be firmly gripped between the two
parts when the wedges become jammed in the tapered
casing or socket, |
~ The following plans may also be mentioned :—

Wedge-shaped toothed clips, placed one on each
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side of* the rope, are surrounded by a ring, within
which is placed a bridle with shoulders to bear against
the ring, the strain upon the bridle tightening the
wedges on the rope.

Passing the wires through a cone, turning them over,
winding round the parallel layers, and fastening the
ends to the rope. This cone is then placed in a
socket and a ring or hook screwed in, the end of the
cone being protected by a leather disc.

Clamping the rope ends between grooved plates by
screw bolts passed through the edges of the plates, or
by means of a single bolt longitudinally slotted to
receive the rope ends. In the first arrangement a
grooved tapering block is preferably inserted between
one of the plates and the ropes.

Baring the rope end for a short distance, and pass-
ing an internally tapered and externally screwed
ferrule over it.  An expander being then driven into
the end of the rope, and a cap screwed on to the
ferrule.

- Bleichert proposes to secure a shackle to theend of a
wire rope by fitting the cnd of the latter, previously
tinned, into a conical bush, distending the ends of the
wires forming the rope, and filling the space between
them with a composition of hard tin. The shackle is
screwed on to the exterior of the bush,

‘To connect together the ends of wire ropes, the
adjacent ends of the ropes are tinned and placed in
conical bushes, the ends of the wires are then bent
apart, the whole warmed in red-hot pincers, and the
ends cast out solid with a composition of hard tin,
after which the bushes are screwed to a central con-
necting piece.
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This is practically the same method of secufring the
end of a wire rope in a socket as that devised .nearly

sixty years ago by Newall, which has been already
descrlbed

Oonical Socket without Rivets,
F16, 81.--Ordinary Forms of Wire-Rope Attachments.

—_

Ordinary Rope Attachments.

A, B, ¢, D, and E, Fig. 81, illustrate the ordinary -
forms ufw1re -rope attachment‘: in most general use.
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‘A shows an arrangement of clamps with capel. The
~end of the rope, it will be seen, is merely bent round
-a gimbal ring or eye, and then covered with the
clamps. Bis a capel; the eye is in this case spliced in
as shown. C is a socket with hoops or rings, which
latter are driven on hot to shrink and tighten when
cold. D is a riveted socket, and E is a conical socket.

. In the case of the threc latter arrangements the end

of the rope must be somewhat enlarged to a conical’

_shape, which can be conveniently effected by turning
back the wires layer by layer, and binding them
down with copper wire. As the first layers will be
the longest, and the others successively shorter, the
desired conical shape will be ensured. ,
" In the conical socket E the rope is first passed*
through the bore in the head, enlarged as above
described, and drawn back until the conical enlarge®
ment engages in the conical portion of the bore.

Preserving Wire Ropes.

An important point in connection with the working
of aerial or wire-rope tramways is the lubrication and
other means to be adopted for preventing premature -
decay of the wire ropes.

As regards the preqervatwe treatment most suitable
for running and other wire ropes it may be summed
up in a few words to consist essentially in a suff-
ciently abundant lubrication with a suitable oil, grease,
or other medium, at frequent and regular intervals,

A great portion of the wear of the rope is due to
the cutting action of the wires against one another, -
and thlS action can nnly be reduced by a judicious

yw F_ I B I I O . T T . [
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Tests have demonstrated that an oiled rope will
stand from two to five times more bends than the
same rope unoiled. i

The best unguent to employ is a matter upon
which some difference of opinion exists, One autho-
rity states* that he has found from practical expérierice
on a wire ropeway, extending over a number of years,
the best lubricant to be black West Virginia oil fed
on to the rope by automatic lubricators, about 3
gallons per month being used in this case on a line
of about 2 miles in length. On first starting work-
ing the line in question Swedish tar’ mixed with
boiled linseed oil was tried with inferior results in
every way.

Linsced oil by itself is also recommended.

The following have also been employed or recom-
mended for the preservation or prevention of the
premature decay of wire ropes :— |

The application of a coating of a mixture composed
of 6 parts of tar, 2 parts of linseed oil, and 2 parts
of tallow, melted and mixed together, and applied to
the rope whilst hot,

- A coating of a solution of caoutchouc in caout-
choucine, ' | |

Passing the strands and the rope after elosing
through receptacles containing mica grease, glissanto-
line, &c., to protect the core and the strands from
corrosion, .

Winding a zinc wire between the steel wires to
prevent rusting of the latter.

Depositing on the rope a coating of cadmium by
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electrolysis in a bath of ammonium sulphate, or of
the double salt of cyanide of cadmium, and cydnide
of potassium, the anodes being of rolled cadmium ;
a coating of zinc, &c., being sometimes first deposited
on the rope and afterwards a coating of cadmium, or
the operation reversed. |

A number of machines have been devised for clean-
ing wire ropes and for lubricating them, and the use
of some efficient cleaning and lubricating machine in
connection with a running wire rope is very desirable,

-as the practice of applying the fresh lubricant upon
- the uncleaned rope, and over the previously applied
oil, is not only extremely wasteful, but, owing to the
possible defects in the rope being thus concealed from
view, is one fraught with much danger.

One type of apparatus designed for cleaning and
lubricating wire ropes comprises circular or cylin-
drical wire or hair brushes keyed on axles carried in
a vertical frame, and two plain rollers which have
spur or toothed wheels attached to them gearing with
other spur or toothed wheels secured to the wire or
hair brushes. The bearings are made movable to
allow of the introduction of the rope between the
brushes, and screws for regulating the pressure of the
brushes, and rollers engaging the rope are also pro-
vided ; the frictional contact of the rollers against the
rope imparts the necessary rotary motion to the cir-
cular brushes. As soon as the rope has been satisfac-
torily cleaned the wire brushes are removed, and are
replaced by hair brushes, or the latter are replaced by
barrels or drums covered with spongy material and
kept supplied with lubricant from an oil reservoir,
box, or hopper, or the brushing and lubricating opera-
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. tions may be performed mmultaneausly mstead of

~ separately.

Another pattern of wire- rope ::Ieanser and lubri-
cator, and one which is said to give very good results,
is that known as the vacuum. This apparatus, which
is chiefly characterised by its extreme simplicity,
consists of a spherical oil-box constructed in halves,
and surmounted by a gallery or ring running thrnugh
small wheels or rollers upon a circular path or race
on the oil-box.” This gallery or ring contains a series .
of radially Eld}llhtd.blc wirc brushes, the points of
which are pressed in between the strands of the rope,
- and the spherical oil-box is formed with "axial holes
to admit of the passage of the rope, a hinge joint.
being provided upon one side ‘and a screw faste:mng
on the other. |

When the device is placed in position on the wire -
rope, the latter will pass axially through the spherical
oil-box and brush gallery or ring, and when the oil-
box is secured, and the rope travels through it, the

- gallery or ring will be caused to revolve, and all the

accumulations of dit and gummy oil will be scraped
off and removed, falling down outside the box.

The outlets of the oil-box are provided with stuffing
boxes fitted with 5p1|t indiarubber packing rings, and
the arrangement is such that a suitable amount of
oil will be allowed to pass away with the rope.

The oil can be inserted into the box, the two parts
or halves of which form a fluid tight joint when closed,
through apertures fitted with screw plugs.
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| Mis_CELLANEous INFORMATION.

To Remove a Kink from a Wire Rope.

In transporting wire ropes in mountainous dis-
tricts, more especially when such transportation has
to be effected upon the backs of mules,* they are very
liable to get kinked.

To remove a short kink successfully it is recom-
mended to.fasten two clamps to the rope, one on
either side of the kink, with just room to use a mallet
" freely. Then by unbending the kink in the direction
in which it is formed, whilst at the same time twisting
the rope with the clamps into proper shape, and
setting down with a mallet, the worst kink  can be
taken out so that it cannot be noticed. Trying to
pull or hammer out a kink will only make it worse, and
weaken the rope more than if it were left in.

Eatimate for Wire-Rope,Tramway.

The following particulars are recommended by
Mr Carrington to be sent when a definite estimate for
a wirc-rope tramway is required :—

Length of line from end to end.

Does the line go straight from end to End? If not,
state the number and degrees of angles.t |

* See page 105.
t It is recommended in all cases where possible that the
tramways should run in a straight llne from end to end. See

page 2o.

% T
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Approximate section of ground to be passed. over?*
The quantity to be carried per hour, and the char-
acter of material to be transported ?

Is steam or water power available, and if so, state
amount ? |

Is timber available on the apc.-t for the construction
of terminal frames and posts? |

For the guidance of those getting out such parti-
culars, it may be stated that any divergence from the
straight line should be made in the form of an angle,
and not in a curve; and where motive power is
available at the point where this divergence is made,
the angle can be constructed without additional cost.

‘Where possible it is preferred to place the driving
power at the delivering terminus of the trafmmway, but
this is not essential. 2 |

The most convenient apportionment of the lﬂads 15
as follows :— | -

For a 50 ton line 100 Ibs. to 120 Ibs. Inad

y 100 T 120 T 170 yy
’.‘ zm ”n 17':' " 250 "
" 3':]0 3 4{:":} h 3 ] 44{:} b1 ]

These loads are not absolutely necessary, but when |

adopted will enable the cheapest form of tramway to -
be used.

Approximate Price List for Wire-Rope Tramways
on the Endless Rope System (Carrington).

" The following list will enable the reader to form an
‘idea of the cost of any tramway he may contemplate

* If possible a detailed section should be sent, but in many

cases a simple pen and ink sketch giving the leadmg dimen-
sions is sufficient. - See page zo.

+ The above portions are rerummended to he constructed
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erecting, but as the price varies greatly according to
the gréund passed over and. the material to be trans-
ported, it must be borne in mind that the amounts
given are purely approximate.

50 TTnn 106 Ton | 200 %ﬂn

per LTen | per Ten | per Ten
Hours Hours Hoaurs
Line. Line. | Line.

1. Rope, pulleys, and rolling stock for
~a length not exceeding 1 mile, |
per mile - “ - - 310 460 | 533 B
Driving and tightening gears w1th .
shunt rails for a tramway, 1 mile
- or less in length - . - . 60 130
3- Rope, pulleys, and rolling stock for
a length not exceeding 3 miles,
but over 1 mile, per mile - -1 340 490 610
4. Driving and tightening gears with |
shunt rails for a tramway not
exceeding 3 miles in length but

t

170

over I mile - - -| 120 250 300
5. Angles giving any degree uf de-

viation, each - - - - 25 35 45
6. Packing, &c.,about - -  _l20to 30[30 to 40l40 to 15:_:[

To which must be added the cost of wood posts
and engine power. The former average about thirty
per mile, and on level ground are about 15 feet high,
costing from £4 to £5 each; irregularities of level
will cause a corresponding vanatinn in the heights of
the posts. ,

The amount of engine power necessary varies under
all circumstances. Reference to the descriptions of
. lines at work will give a fair idea of the power required
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It must be understood that the wood frames for
carrying the terminal gears and shunt rails are not
included in the above prices. But otherwise these
prices would usually be found to be rather in excess of
2 final estimate made on receipt of full particulars.

Tramways for lengths under half a mile should be
specially estimated for. | -

To illustrate the proper method of estimating from
above prices, the following examples will be found
useful, viz. :— | |

1. Cost required for a tramway three-quarters of a
mile long to carry 50 tons per ten hours with one angle.

Rope, pulleys, and rolling stock as per No. 1, £310
- per mile, or for three-quarters of a mile, £232. 10s,
and terminal gear, &c., as per No. 2, £60, and with,
curve as per No. 5, £25. Total cost, £317. 10s.

». Cost required of a tramway 2 miles long to
carry 100 tons per ten hours as per No. 3. Rope,
pulleys, and rolling stock ‘will cost £980, and as per
No. 4, driving gear, &ec, will cost 4280, Total,
£1,230. |
" Packing is only necessary for export.

The cost of several of the different instaliations
described in previous chapters has been also given,
which will assist in forming a rough estimate of the
probable outlay that would be required for the erec-
tion of a wire-rope tramway In various situations, and
to perform certain specific duties, and the working
expenses of the lines which have been likewise added,
. several instances, will enable an idea to be gained
of the possible saving, in the cost of the transportation
- ¢ materials, that could be effected by the use of an
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Flexible Steel Wire Ropes (Bullivant).

Flexible Steel Wire Rope,
6 Strands, each 12 Wires,

Extra Flexible
Steel Wire Rope,
& Strands, each

Wire Rope.

Special Extra Flexible Steel

24 Wires, 6 Stfands, each Billivant's
37 Wires, Special Make,
$ 1§ | £ |38z S I - A O "
SRR
g1 & |8 (fegE| & | dz| = | S5 | 48| 8
Lo TR |Tiar| & o|BE) R EE B
A | B | & |da® | 2 (& | B |& | & | @
Inches,| Lbs. oz | Tons. | Inches. Lbs. oz. { Tons. I.hs. | Tons. | Tons., | Inches
I o IO id 6 0 14 23 I 1
v | 2y 7 |1 os) o4 | 1] . 1}
14| 1 6% 4 9 1 143 64 2 73 I
4] 2 o 54 10} 2z 8 8% 3 04 1§
2 2 7 i 12 3 8| 11 4 114 2
24 3 60} 9 133 || 4 81 13 5 | 13 2
2% | 4 3| 12 I5 5§ 9| 16 6 174 2
23 4 12 15 164 6 6 20 ri 214 2
3 6 4| 18 18 8 3| =23 8 26 3
3 7 U] 22 104 9 6| 27 10 30 3}
3] B 4126 | 2t |[10 of 33 || 13| 36 34
4 {114l 33 24° |1 13 10| 42 5% | 48 4
43 13 71 39 27 17 12} 55 19 | 60 43
5 21 10 | 7E 238 | 77 5
5h 24 12| Bo 28 go 5% I
6 33 | 123 6
64 37 | 136 6%
y 2 41 150 7
i . 47 | 167 73
8 53 | 189 | 194 8
g 65 ) 247 9
10 Ro 30'6 10
1 | 97 30 11
12 : 115 440 12
In these Flexible Rope Tables, the wire is calculated as taking a

breaking strain of 90 tons to the square inch; ropes made of wire
which is calculated above that will take a proportionately higher

breakin g strain,
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General Table of Round Wire Ropes (Bullivant). |

y

BREAKING STRAINS AND EqQUIVALENT S1ZBS AND WEIGHTS oF RopPEs.

* ‘Compnund Ropes.

Lbs.
| about
63 | 48 | 42
64 1 44 | 38
61 | 40 | 35
6 37 32
52| 34 ] 29
5 30 26
53 0] 27 ¢ 24
5 .1 2581 23
4% 2.1 22
4% 22 20
43 | 194 | 17%
‘4 13k 1 16
st | 18t | 15y
3 o 17 I43

—

R . E]:?J Cu{_ﬁmd ‘L‘J:ight of Rope per Fathom tu.give C
Circumference of Rope in Inches. ﬂé&%ﬁf Y Breaking Strain shown.
1 L]
- i -l-llng-.'I O ' £ = ' *-'E & E.
- ol ol L= -_ | ® =
5 o u " =+_. - E.... p— al E--q ] '.:..II
325 377 335 5% 257 | 35 | PhmE |2nE 395 (55| OB (3581 15,
EEE’ Rl 1;5_-%‘" EE B ol =g abount = 27 w8 | w3 EEH -.;EH s
AT A L R SR T A I
| ~5| 5 2 =5 5
) | ' Lbs, [;hs. Lbs. . Lhs. | Lbs, Lbs,
- . Compound Repes. ‘ Tons about | about | about | about | about | about
6* 6‘2’ aan i Y T ISD 35 42 R, T awe .
6 64 . ee s 139 32 38 ... ‘e .
53 | 63 | 6% " 128 20 | 35 42 -
54 | 6 6&1 - . I18 26 32 38 .
i | sz | 6} o || 24 | 29 | 35
'5 5% 6 ves | 100 23 20 | 32 e
43 | 53 | 58 | 6% ‘ - 93 22 | 24 | 29 | .42
e 5 | 6% 88 - 23 e 38
4% | ... 5 N - 85 20 e 26 e "
SONCE R T8 - G -t 80l | 22 | 28 |35 | | il
-4} I 5. ?& gg - ;g 7k | o | 23 | 32 4z 1 -
e | 43 I ] - 20 - 29 3 .rs
4 43 4% 53 6% b 16 173 | 22 | 20 35 ...
| 4% | 52 | 6 - 60 ' | '
i. | | gé oG s - 20 - 24 3z .
(- ) - Ty . ¢ e I e LR LR 42
gg '3T 4 | 5 3 | 6 gg 143 o8 1I7bF 23 | 29 | 38
5 'E‘ . maw “qw +rn l-l:i 13'5 15 ans W (N . sy
5; 5% 4 4% gi 6% 50 s ‘ee 16 22 26 35
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aing of Steel Wire (Ryland).

Breaking Str

S.W.G. Annealed.

Lbs,

0200000 13,611

0000CO 1,722

00000 10,150
0000 8,712
OO 74534
00 6,593

0 5,726

I 4,901

2 4,127

3 3,458

4 2,930

5 %447

6 2,007

7 1,668

8 1,393

9 1,130

10 893

11 734

12 590

13 461

I4 349

15 284

16 223

17 170

13 128

19 87

20 72

Bright.

S

Lbs,
20,310
17,583
15,243
£3,067
11,302

9,891

%,573
7,351
6,221
5,187
4,395
3,072
3,011
2,530
2,091 .
1,604
1,339
1,009
384
691
523
424
334
256
188
130
106

|
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ABSORBER power, 179
- Advantageous applications of
the endless rope system, 7
Advantages and disadvantages of
electricity for driving aerial tram-
ways, 67, 68, 69
of Hallidie clip or saddle, 30, 31
of use of friction grip or coup-
ling, 43, 44
Advantages of wire-rope tramways—
for coal mining, 3
for forming piers, §, 6
for open-pit mining, 2, 3, 1§
for placer mining, 2, 3
for removal of produce from
land, 3, 4, 127, 129
for unleading or loading ships,
15-17
general, 1, 2
in factories, 4, §
on beetroot farms, 3, 128, 129
on sugar-canc estates, 3, 4, 125-
128
Aerial or wire-rope tramways—
application of, 1-6
details of construction, 18-66
different systems of, 6-17
electrically driven, 67-g7
examples of installations of, on
the running or endliess rope
svstam. OX-12q

|

Aerial or wire-rope tramways—
examples of instaliations of, on
the fixed carrying rope system,
130-180
miscellaneous information, 193-
<00
preserving wire ropes of, 189-
192
splicing and securing wire ropes
for, 181-18g
Africa, South, wire-rope tram‘u_fays
In, 174-177
Albert lay of wire rope, 23, 24
Alder Gulch, wire-rope tramway at,
151-153 | |
Algeria, wire-rope tramway in, 101,
102 |
Almeria, wire-rope tramway in, 131-
137 |
Alps, Ttahan, wire-rope tramway in,
171-177
Alzon, wire-rope tramway at, 99-
101
America, use of endless rope system
in, § g
wire-rope tramways in, 148-
I55 .
Applications of endless rope system,
advantapeous, 7
of wire-rope tramways, princi-
nal 2.h
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‘ﬂppnrtmnment of loads, most cun-
venient, 104
Approximate prices of wlrﬂ-mpe
tramways, 194-196
section of ground, 194
Are parallel, Dlocking arrangements
for tel-lziher line on, 77-87
Artificial manure works, wire-rope
~ tramway at, 119-121
Asbestos -and Asbestic Company
Limited, wire-rope tramways of,
154
~ Ascensive power of balloon, working
aerial tramway by, 65, 66
Austin, wire-rope tramway at, 154,
155.
Automatic lubricator, use of, on
wire-rope tramway, 107

ADOVALLE, wire rope in use
or aerial tramway at, 23, 24
Bags of sugar, wire-rope tramway
for transport of, 128
Balloon, working acrial tramway h}f
means of, 65, 66
Barytes mine. wire-rope tramway at,
117-119
Basket carrier receptacle, 59
Bedlington.. Sez Roe & Bedlington
Beer system, method of supporting
ropes in, 33
system, installation of wire-rope
tramway on, 137-142
Beetront farms, advantages of wire-
rope tramways on, 3, 128, 129
farms, wire-rope tramways on,
128, J29
Belgium, wire-rope tramways in,
137-142
Bell’'s Ashestos Company Limited,
wire-rohe tramwnve nf 104

INDEX.

& L]
Belle Island, wire-rope tramway at,
154
Best types of carrier trucks, runners,
or saddles, 36-38 -

method of supporting r.:arr]rmg -

ropes at standards, 141, 142
Bins, storage, 138 o
Black  West Virginia oil for lubri-
cating wire-rope tramway, mr. B
190 | - |
Blast furnaces, wire- rnp& tmmwa}'s
at, 137-142, 145-143
Rleichert, arrangement of, for drw-
ing wire-rope tramway, 62, 63
claw-locking grip or coupling -
of, 53, 54
improyements in wire - rope
tramways by, ¢ |
knot or carrier collar of, 48, 49
Otto, wire-rope tramway of,

131-137, 142-145

securing wire rope to shackle, .

method of, 187, 188 - -
wire-rope {ramway, lermmal of,
32, 33 - -
Block arrangements for telpher line, -
70-87
clectro-magnet for telpher line,
84, 85 |
wires, method of mounting, 86,
87
Blondin, wire-rope tramway knnwn
as the, 153
Boiled linseed ofl, use of, for lubri-
cating wire-rope tramway, 106,
107, 190 -
Boulders, removal of,
buckets, 153
Boxes, carrier, for endless or running |
rope system, 26-31 ' .
Brake, arrangements of, fot telpher |
line, 94.96

oAy Tods .

in drag

T e W o

Iﬁn 'IAI
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. Brake, lever, preferable, 106

screw-down, disadvantages of, |

100 | -
Brazil, wire-rope tramway in, 117
Bricks, wire-rope tramway for trans-
port of, 142, 143
Brickworks, wire-rope tramways at,
121, 179, 180
British Government, punpowder
cask carriers used by, 60
Buckets, self-filling grab, 151
drag, 152, 153
Buslding operations, temporary, wire-
rope tramway for, 142, 14§
Bullivant & Company Limited, wire
rope for aerial tramways, 24
wire-rope tramways constructed
by, 101, 102, 171-173
wire-rope tables, 197-199

ADMIUM, use of, for preserv-
Ing wire ropes, 190,191
~ California Wire- Works, rope made
at, 104
- Canada, wire-rope tramways in, 153-
I55
Cane, sugar, carrier, 61
sugar, wire-rope tramways for
transport of, 125-128
Caoutchoue, use of, for preserving
wire ropes, 190
Caoutchoucine, use of, lor preserving
wire ropes, 190
Capacity of transport on endless rope
dystem, 7, 10
of transport of fixed ropesystem,
I0
Cape de Verde Islands, wire-rope
tramway at, 108-113
- Town, wire-rope tramway at,
174-176

Capel. See Clam ps
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Cardiff, wire-rope tramway at, 121
Carignone terminus of Monte Penna
tramway, 169 |
Carrier boxes or saddles for running
or endless rope system, 26-31

collars or knots, 44-49, 139, 140
for fall ropes, 148-150
receptacles or vehicles, §7-61
receplacles or vehicles.  See
also Examples of Inslalla.
 tions
to stop at any point on line, §6,
57
trucks, runners, orsaddles, 36 -40
Carrington, W. T. H., classification
of wire-rope tramways by, 7
improvements in wire - rope
tramways by, 89 |
installations of wire-rope tram-
ways designed hy, 101, 102,
- 108-129, 158-180
saddle for ranning rope system,
28 -
{Carrying rope—
endless or running, examples of
system, 08-129
endless or running, methods of
supporting at standards, 8,
25, 26, 104
hxed, examples of system, 130-
180
fixed, methods of supporting at
standards, 10, 32, 33, 141,
- 142, 147
Cartage, combination of, with wire-
rope tramwa}rq 128
Caserta, wire-rope tramway at, 169
Cask carrters, 60

at, 117, 155, 156
wire-rope tramway for trans-

porting, 117 -

. Ceylon, wire-rope tramway in, 102

L) !

~Cement wc::-r]ﬁ wire-rope tramways
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~ Chalk pits, wire-rope tramways at,

130, 131

- Charcoal, wire-rope tramways for

conveying, 145-148, 169-171
Cheapest method of working wire-
rope tramways, 63, 65
Cheliff, wire-rope tramway at, 101,
102 '
Chemical works, wire-rope tramways
at, 121-123
Cheice of system of wire-rope tram-
way, care required in, 7
Circuit closer for telpher line, 87
Clamps with capel, 189
Claw-locking gripor couplings, §3-57
Cleaning wire ropes, machines for,
191, 192
Cleansing wire ropes. See Cleaning
Wire Ropes
Climbing up to wire
- method of, 106
Clip or saddle, the Hallidie, 29-31
Coal depdit, wire-rope tramway at,
108-113
mining, wire-rope tramway for, 3
mine, wire-rope tramway at,
123, 124
wire-rope tramways for trans-
port of, 108-113, 123, 125,
164-107
Coaling steamer at sea, wire-rope
tramway for, 17
Coast of the Mediterranean, wire-
rope tramway at, 131-137
of South Alfrica, wire - rope
tramway as pier on, 176, 177
Coating of zine, depositing on wire
ropes, 191
Collier, wire-rope tramway for coal-
ing steamer from, 17
Cologne, Sz Pohlig, J.

Colorado River., wire-rone tramwav

ropeway,

INDEX,

_ - o

Combination of cartage with wire-
rope tramways, 128 .

Conception Bay, wire-rope tramway
at, 154 |

Condamine, wire-rope tramway in,
156, 157

Conical socket wire-rope attach-

ment, 189
Contact wmaker. See  Circult
‘Closer

Convenient apportionment of loads,
194
Conveying goods between vessels
and shore, wire-rope tramway
for, 1§-17
hoisting, and lowering, wire-
rope tramways for, 13-15, 39,
40, 148-155
Coronel, Puerto del, power and
angle station at, 133, 134
Corporatian, Cape Town, wire-rope
tramway for, 174-176
Cory Brothers & Co., wire-rope
tramway of, 108-113
Cost of transport per ton mile on
enilless rope system, 9
of transport on fixed rope sys-
tem, 12 |
of wirg-rope tramways, prime
and working, 9, 12, 99, 100,
107, 108, 112, 113, 137, 142,
147, 148, 156, 157, 163, 164,
167, 171, 194-196
Coupling or connecting truck to
driving rope, §6
Couplings or grips—
claw-locking, §3, 57
for steep gradients, 42, 43
friction, 40-44 .
pawl-locking, 49-53, 143
wedge-locking, 53

TCradle sarlk rarrier. £o
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. .
Crane, floating, wire-rope tramway

to carry goods fru:;m=|r to shore, 15
worked by wire-rope tramwa}r
See Driving

Cranes, driving of, by wire-rope
tramways, §, 0, 111, 112, 177

Cumberland, wire-rope tramway in,
117-119

Curves, arrangements for rounding,
35, 36

Custom-house, wire-rope tramway at
a, 128

Cyanide of putassmm, preserving
wire ropes with, 191

ANGER of not cleaning wire
ropes before oiling, 191
Danville, wire-rope tramway at, 154
Decay of wire ropes, prevention of,
189-1g2
Definite estimate of wirce-rope tram-
way, particulars required for, 193,
194
Demerara, wire-rope tramway in,
4, 125-128
Department of the Hautes-Alpes,
wire-rope tramway in, 156, 157
Desirability of cleansing wire ropes
before lubricating, 191
Details of construction, 18-66
Different systems of aerial or wire-
rope tramways, 6-17
systems of aerial or wire-rope
tramways, installations on,
98-180
Disadvantages of electricity as a
driving power, 68
Disc grip or coupling, 40-42
Disconnecting arrangement for pawl
grips, 50-53
Disengaging. .See Disconnecting

205 .

Divergences lrom straight line, how -
they should be made, 194
Double-wheeled truck or runner, 38
Drag bucket for placer mmmg, 152,
153
Driving by electricity, 61, 67-97,
179, 180
by gravity, 61, 63-65, 98, 131,
146, 156, 162
by steam, 61-63, 101, 110, 113,
117, 123, 129, 131, 133, 140,
143-146, 150, 152: 157, 164,
176
by water, 6§, 115, 119, 125,
170, 173, 174, 179
by power of balloons, 65, 66
drums, 62, 110, 133-135, 140,
150, 152, 157, 161, 166, 167,
169, 170
gear, b61-66, 67-97, 110, 133-
135 140, 150, 152, 157, 161,
166, 167, 169, 170, 176, 179,
180
Drop lubrication for wire-rope tram-
way, 107
Drum, driving. See Driving Drums
Dye works, wire-rope tramwaysat, §

EARTH, wire-rope tramways to
remove from trenches, 13-15
deposits in river heds, wire-rope
tramway for handling, 3, 151
Eccentric. Sz Pawl. locking Grips
or Couplings
Electrically-driven wire-rope tram-
ways, 179, 180 |
Electricity, use of, as a motive
power, on wire-rope tramways,
61, 67-97 ,
Electrolysis, deposition on wire
ropes of preservative coating by,
190, 191 |
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Endless or running rope system of
~ wire-rope tramways, the, 7-9,
22.26, 98-129 |
examples of installations -on,
g8.129 .
method of supporting rope at
standards, 8, 25, 26, 104
the, 7-9
wire ropes for, 22-26, g8-129
End or terminal of wire-rope tram-
way, 313, 34, L1, 112
England, wire-rope tramways in,
117-125, 164-167, 179, 180
Erection of wire - rope tramways,
choice of pruper syslem, 7
Espérance-Longdoz Co., wire-rope
tramway of, 137-142
Estates, sugar, wire-rope tramways
on, 12§-129, 177
Estimate for wire-rope tramway—
particulars required for, 193, 194
to make approximate, 194-196
Examples of installations of wire-
. Tope tramways—
on the fixed carrying
system, 130-180
on the running or endless rope
system, 08-129
Expenses of wire-rope tramways.
See Cost

rope

ACTORIES, wire-rope tram.

ways at, 5,6, 119-128, 164-167

Fall ropes for wire-rope tramway

arranged for hoisting and convey-

ingy 39, 40, 1483-150

Farm produce, wire-rope tramways
for removal of, 3, 4, 127-129

Fernie wire.rope tramway, wear of

rope through grips or couplings

-

INDEX."

FY [ .

Five-strand wire rope, to splice, 181 -
Fixed carrying rope system—
cxamples of installations on,
130-180
miethods of supporting at stan-
dards, 10, 32, 33, 141, 142,
147
the, 9-13 -
wire ropes or lines for, 31-36,
130, 135, 138, 142, 143, 147,
149, 155, 157, 159, 160, 165,
169 -
Flexible rope table, 197
Floating crane, wire-rope tramway =
to convey goods from, to shore, 15
Fort Bath, wire-rope tramwayat, 129
Fortifications, wire-rope tramway at,
173, 174
Forts, use of wire-rope tramways
during building of, 142-14%5 -
Foster. See Tilly Foster
France, wire-rope traiaway on run-
mng rope system in, g8-101I
‘wirc-rope tramway on fixed
rope system in, 130, I31,
155-164 I
Friction grips or couplings, 40-44
grips or couplings for steep
gradients, 42, 43
Fuel, wood, wire-rope tramway for
transport of, 102-108
coal, wire-rope tramway for
transport of, 108-113, 123,124
Furnaces, wire-rope tramways aft,

137-142, 145-148.

GARRUCHA, wire-rope tram- -
way aft, I3I 137

Gaslight Co., wire-rope tramwa.}f of,

164-167

4
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: .Ge_neral table of round wire ropes,
198, 199 - S
Germany, wire-rope tramways in,
142-145 |
wire rope. made from special
| steel from, 104
- Gibraltar, wire-rope tramway at,
173, 174
(riesen, wire-rope tramway at, 44
Glamorganshire, wire-rope tramway
in, 121
Glissantoline, use of, for preserving
wire-ropes, 1g0
Glynde, telpher line of wirdrope
tramway at, 179, 180 |
Gold mining, use of wire-rope tram-
ways for, I151-153
Goods, wire-rope tramway to convey
between floating crane and shore,
I§
 wire.-rope tramway to convey
between vessel and warehouse
15-17
textile, carrier, receptacle for,
60
wire-rope tramway at fortifica-
_ tions for transport of, 173,174
Gourjon system of wire-rupe lram-
ways, 98-101

Governing arrangements for telpher |

line, 87-94
Grab buckets, self-filling, 151
Gravity,working wire-rope tramways
by power of, 1o, 63-63

Great Transylvanian wire-rope tram- ;

way, the, 145-148

~ Grenoble, wire-rope tramways at, '

99, 155, 150
Grips or couplings—
claw-locking, 53-57
friction, 40-44 '

friction, for steep gradients, |

. zcu? 

- Grips or couplings—
pawl-locking, 49-53, 143
wedpe-locking, 53
Grooved driving drum, 62
(Guatemala, wire-rope tramways in,
4, 125-128
Gunpowder cask carrier, 60

ALLIDIE clip or saddle, 29-
31, 10§

improvements by, in wire-rope -

tramways, 8 .
Hauet, A., system of wire-sope
tramway of, 130, 131 '
Hautes Alpes, wire-rope tramway
in, 156, 157
Iilly country, advantages of wire-
rope tramways in, I-2
Hodgson, C., system of wire-rope
tramways of, 7
special arrangement of ropeway
ofy 35 '
Ioisting and conveying loads, wire-
rope tramways for, 13-15, 39-40,
148-155 |
[Tolland, wire-rope tramway in,
128, 129
Hong Kong, wire-rope tramway at,
177, 178
Hopper tower for placer mining, 152
Huddeishield, wire-rope tramway at,
123, 124
Hungary, wire-rope tramway in,
145-148 |

MPRACTICABLE patent ar-
rangements, 17 -
Improved syslem of telpherage, 72-9%
Inclines, steepest practicable, for
endless rope system, ¥
steepest practicable, for fxed



India, wire-rope tramway in,115-117
Information, miscellaneous, 193-200
Installations of wire-rope tramway
on running rope system, 98-129
of wire-rope tramway on fixed
rope system, !30-180
Insulator for use on telpher line,
- 96, 97
Introductory, 1-6
Iron ore mines, wire-rope tramways
at, 131-137, 151, 179
posts or standards, 21, 22
Italian Alps, wire-rope (ramway in,
171-173

Italy, wire-rope tramways in,16g- 173

ALLA, Mount, wire-rope tram-
way at, 15§, 156
~ Jamaica, wire-rope tramways in, 4,
125, 128
Japan, wire-rope tramway in, 78,
179
Jenkin, Professor Fleeming, inven-
tion of the telpher system by, 68
experiments on telpher system
by, 180
Joints or splices of wire ropes, 138,
139, 181-189
Junction of three lines of wirc-rope
tramwgays, 125
Junctions for wire-rope tramway,

temporary, 34
Jundiahy, wire-rope tramway at, 117

EEWATIN, wire-rope tramway

at, 153, 154
Kink, short, to remove from a wire

rope, 193

Kinking of wire ropes during trans-

port, 105,.106

Knot, star, the, 44, 43

Knots or carrier collars, 44-49, 139,
140

. INDEX. - )

L

AKE Superior District, wn:ﬂ?
_ rope tramway in, 151X
Lancashire, wire-tope traﬁlways in,”
g, 119, 120 | e
Land, removal of produce from, by
means of wire-rope tramway, 3,
4y 125-129 y
Lang lay of wire rope, so called, 23, co
24 o
Lead mines, w:re-mpe tramway at, -
158- 164

. Leeds, wire-rope traaway near, 121

Lifting and conveying. Se¢ Hoisting -
and Conveying
Lineff, experiments of, with l:—:—lphet
line, 180 -
Lines for fixed carrying rope system,
31-36 ,
for running or endless rope
system, 22-26
Linoleum works, wire- rope tram way
at, 124, 12§
Manufacturing Company, See
above |
Linseed oil, boiled, use of, on wire-
rope tramways, 106, 107, 190
Lianishen brickworks,
tramway at, 121
Loading stations, 102, 134, 140
vessels, temporary wire- mpr.
tramway for, 1% |
Loads, convenient app{}rtmnment
of, 194
Locking grips or couplings—
{:lﬂ.\f, 53-57
knots or carrier collars for, 44-
49 |
pawl, 49-53
London, wire-rope tramway near,
119-121
wire-rope tramway in, 164-167
Lowering carrier receptacle, carriage
or truck for, 19, 40

-

wire-rope ‘<,

hr3
. ki



".Mbnca.tmé wire rnpes, 106 107,

- 189-192

..« wire Yopes, machines for, 191-
_» 192

ACHINES for cleaning and

lubricating wire ropes, 191-
192
Madras, wire-rope tramway in, 115-
117
Manure works, ariificial, wire-rope
- tramway at, 119-121

- Martlmque, wire-rope tramwn}rs i,

. 4, 125-128
Masua, wire-rope tramway at, 144,
45
Mauritius, wire-rope tramways in, 4,
- 12%-128

~ Mediterraneancoast, wire rope tram-

Tor . 142, 147

© of supporting running ropes at
* standards, 8, 25, 26, 104

r- of working wire-rope tramway,
v the Eheapest, 63, 64

way to, 131-137
Method of supporting carrying rope
at standards, best, 141-142
of supporting fixed carrying rope
at standards, 10, 32, 33, 141,

MEI!ED, wire-rope tramway in, 102-
108

Mica grease, use of, for preserving
wire ropes, 190 .

Middlesex, wire-rope tramway in,
124, 125

. Mills, wire-rope tramways at, 102-

108, 123, 124, 125-128
Minerals, carrier receptacles for, 57

59

Mines, wire-rope tramways at, 2, 3,
39, 49, 113-115, I17-11g, 131-
. 137, 148'155: 158'164'! 1?8: 179

tN’DEx.n '_

O

.

Minimum interval devices for secur-
ing on telpher lines, 70-87
Miscellaneous information, 193-200
Madified arrangement ' of endless
rope E}rstem, 8, 0
Montana, wire-rope

IRI-183

tramway in,

" Monte Penna, wire-mpé tr#mway

at, 169-171 J

Motive power for wire-rope tram-
ways, 01-60, 133-13%, 140, 180,
152, 157, 161, 166, 167, 169, 170,
176, See also Drwing

Mount Jalla, wire-rope teamway up,
155, 156

Mountain, Table, wire-rope tram-
way up, 174, 170 '

Mountainous districts, transporting -
wire ropes in, 10§, 106, 161

Movable junction for wire-rope tram-
ways, 34 . |

shunt for wire-rope tramways,
123 |

ETHERLANDS Land En-
~ closure Company, wire-rope
tramway of, 128, 129
New York, State of, wire-rope tram-
way in, 148-155 |
New Zealand, wire-rope gramways
in, 113-11%
Newall, R. S., methed of, for secur-
ing wire ropes in sockets, 13§

‘Newcastle-on-Tyne, wire- rnpe tram-

way at, 121-123

N ewfnundland wire-rope tramway
in, 154

Nine Elms Works, wire-rope tram-
way at, 164-167

Norton Brothers Ltd., wire-rope
tramway of, 123, 124 -

Northumberland, wrre-mpe trasm-
way in, 121- 123
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BACH system,
supporting rope in, 33
installations on, 145-148
Oil, black West Virginia, for lubri-
cating purposcs, 107
- boiled linseed, for lubricating
purposes, 106, 107
Ontario, wire-rope tramway in, 153,
154 |
Open-pit mining, wire-rope {ramway
 for, 2, 3, 148-153
Operations, temporary building,
wire-rope tramway for, 142-145%
Ordinary form of saddle or runner,
37
Ore.
&e,
“Qriginal system of telpherage, 6g-
iz
Ortuclla, wire rope in use on wire-
mpé tramway at, 23, 24
Otley, wire-rope tramway at, 121
Ottawa Gold Milling and Mining

See Iron Ore Mines, Mines,

Co., wire-rope tramway Df 153, |

154
Otto knot or carrier collar, 45-48

improvements in  wire-rope
tramways by, 9
- Xee also Bleichert-Otto
Overburgen, in open-pit minigg,

wire-rope {ramway for removal of,

2, 3, 148-154

ARALLEL arc system, block-

ing arrangements for telpher

line on, 77-87 _
Paris, wire-rope tramway near, I30,
131
* Particulars required for estimate for
. wire-rope tramway, 193, 194
JLassengers, wire-rope tramway for,

177, 178

method  of |

INDEX.

Patent arrangemenls, 1lﬁprﬂtt1cable, ,
17 _ :
Pawl-locking grips or coupls mgs, 49-
53, 143
IPendar de Bedar, puwer Etﬂ.tlﬂl’l at,
134
Pendwium arms.-for suppnrtmg fixed
carrying rope, 33
Pennsylvanm, wnre-mpe tramy
in, 153 - =~
Photographs of, mstalm:nm, [ﬂ!l.
102, 173, 1?? _
’iedmont, wire-rape trarnwa}r in, -
171-173 .
[lers, mlvantfi;,es of wire-rope tmm-
ways as, §, 6
installations of wire-rope tram-
ways as, 108-11§ "
Pincrolo, wirc-rope tramway at, t71-
173 |
Placer digging, wire-rope lramways
for, 3, 151-153
mining. See adove
Plantations, beelrcot, wiré-rope
tramways un,‘s, 128, 120
sugar cane, wire-rope tramways
at, 3, 102, 125-128
Plomosos, wire-rope tramway at,-
102-108 |
’ohlig, J., wire-rope tramway con-.
structed by, 131-137 i
Portable installation of wire-rope
tramway, 129 |
temporary junctions, 34
Porte de France cement works, wite-
rope tramway at, 155, 156 | |
Port Louis, wire-ropegiramway at,
128
Posts or standards, 18-22 | -
for fixed carrying rope, 13422,
32, 33 -
for runhing or endless mpe, 22,

25, 20
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_ "Posts or stindards—

See alse Installations on Various
Systems -
Power and angle stations, (10, 1 13-

135 140
- absorber, 179, Sec also Brakes
<See alsoe Driving .
Premature decay of wire ropes, pre-
vention of, 189-192
Preserving wire ropes.  See above
Price list of wire-rope tramways,
approximate, 194-196
Piime cost of wire-rope tramways.
Sec Cost, Price List, &e.
Principal applications of wire-rope
 tramways, 2-6
Print works, wire-rope tramways at,
5 719, 120 -
Produce carrier receptacle, 59
farm, removal of, by means of
wire-rope tramway, 3, 4, 128,
129
land, removal of produce from,
3 4, 125-129
Proper system of wire-rope tramway,
choice of, ¥ _
Puerto del Coronel, power and angle
-§tation at, 133, 134
Pulley for driving endless wire rope,
62
Pulleys  for supporting  endless
ronning rope, 24-20
Puncheons, wire-rope tramway for
transport of, 128 .
Pyrenees, wire - rope tramway in,
158-164

UARRIES, slate, wire-rope
framways at, 153
stone, wire-ropc tramways at,

115117, 143, 144, 179
Quebec, wire-rope tramway in, 154

PE

ECETTACLES or vehicles, -
carrier, §7-61 -
See also Installations on Dif.
ferent Systems
Releasing pawl grip or. coupling,
arrangement for, 51-53

Removal “of earth from trenches, .

wire-rope tramway for, 13
of deposits from river beds,
wire-rope tramway for, 3, 151
of overhurden in open-pit min-
ing, wire-rope tramways for,
2y, 1y 148'154
Remove a kink from a wire-rope, to,
193 | |
Revue Universelle des Afines, de-
acrlpllnn of wire-rope tramway
in, 137
River beds, handling dL]’lDSItE in, 31,
"Il -
Roe & Bedlington, fm:tmn grip or
coupling of, 43
saddle for running rope system
of, 27
Rope attachments, ordinary, 188,
139
fixel, carrying system, the, g- 13
- fixed, carrying system, installa-
~ Lions on, 130-180
running, or endless qya;r::m the,
79 |
running, or endless system, in-
stallations on, g8- 129
Ropes, wire, for fixed carrying rope
sysiem, 31-36
wire, for running rope system,
22-26
wire, joints or splices of, 138,
139, 181-189

 Ropeway, temporary, for loading

and unloading vessels, 17
temporary, for coaling steames,.
" at sea, 17
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Round wire ropes, general tablé of,
193, 199 ;
Rum puncheons, wire-rope tramway

for transport of, 128
Runners or saddles for fixed carrying
rope, 36-40
Running or endless rope system-——
installations on, 98-129
method of supporting ropes, &,
25, 26, 104
thE, 7-9
wire ropes or lines for, 22-26
Ryland, table of breaking sirams of
steel wire, 200

ACK carrier, §0
Saddles for running or endless
rope system, 26-31
or runners for fixed rope system,
38-40
Saddle with gripping jaws, 28, 29
Safety trucks or runners, 38-40
Sand, wire-rope tramway for digging
and conveying, 151 -
Santa Maria di Capua, wire-rope
tramway at, 169-171
Saw mills, wire-rope tramway at,
109-171
Screw-down brakes,
of, 106
Seclion of ground,
accurate, 20, 104
Securing wire ropes, 181-189
Self-filling grab buckets, 151
Seraing furnaces, wire-rope tramway
at, 137-142
Serena de Bedar, wire-rope tramway
at, 131-137
Series system, blocking arrange-
- ments for telpher line on, 73-77
Shackles. See Sockets, Securing

WWiera FAanaes int

inconvenience

necessity of

" INDEX. - e

" ‘Sheaves, cutling ‘dowh rims of,

during working, 107
or pulleys for endless or running
rope, 24-26 |
Ships, conveying coal, &e.,” to
and from, 15-17, 39, 40, 176,
177 |
temporary ropeway for loading
and unloading, Iy
wire-rope tramway fnl‘ maﬁng,
at sea, 17
Shunt, travelling, for use with wire-
rope tramways, 125
Signals used on wire-rope tramways,
130, 171
Sinaloa, wire-rope tramway in, mz
‘108 -
Single fixed rope system wnh one
carrier, the, 11 -
Six-strand wire rope, to splice, 181-
184
Slate guarries, Wll'E-l'ﬂpE tramways
at, 153 .
Sling cask carrier, 6o
- sack carrier, §9

~ Smith, J. Bucknall, on the manu-

facture of wire, 23

 Sockets, securing wire ropes in, 185-

189
Somersetshire, wire-rope tramway
in, 179, 180
South Africa, wire-rope tramways
in, 174-177
Spain, use of endless or running
rope system in, 7
installation of wire-rope tram-
way in, 13i-137
Spans, limit of, on endless rope
system, 7 |
limit of, on fixed carr}*mg rope
system, Q

" Sparking, to prevent Excesswe, on

talnher Hines. 76
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" pecial ar?angements of wire- rope
tramways, 13-17
arrarigements of fixed carrying
- ropes, 34- -36 1
Spfed of wire-rope tmmways, I, Iz,
44 |
of wire-rope tramways, govern-
ing arrangements for, 106,
160, 161, 170, 179
of wire-rope tramways, govern-
ing arrangements on telpher
lines, 87-06
See also Instal]atmns on Inf-
ferent Systems
Splices, giving way of, in wire ropes,
100, 138, 139
Splicing wire ropes, method of, 181-
184
Staines, wire-rope tramway at, 124,
125
Standards or posts for wire- rope
tramways, 18-22, 25, 26, 32, 13
See a/lse Installations on Iif-
ferent Systems
Star knot, 44, 45
State of New York, wire-rope tram-
way in, 14%8-155
Stations, power and angle, 101, 102,
133, 134, 158-162, 193-196
terminal, 33, 34, 110-112, I33-
135, 165, 194-196
Steam, driving by,  See Driving
Steamer, wire - rope tramway for
coaling from collier, 17
Steel wire—
breaking strains of, 200
ropes or lines, 22-26, 31-36
ropes, fiexible, table of, 197
ropes, round, general table of,
- 198, 199
Steep grades, saddles for, 28, 29
gradients, claw-locking grip or
coupling for, 54-56

213

Stone, wire-rope tramway for trans-
. port of, 115-117, 143, 144, 179
See also Iron Ore Mines
Storage bins, 135 '
Stores, wire-rope tramway for trans-
port of, 173, 174
Strains of steel wire, breaking, 200
flexible steel wire ropes, break-
ing, 197
general, of round wire ropes,
breaking, 198, 199
5t Girons, wire-rope tramway at,
158-164
5t Imier, wirc-rope tramway at, gg
St Kitts, wire-rope tramways at, 5,
125-128
St Louis, despatch of sand to, 1§1
Sugar, heetroot, farms, wire-rope
tramways on, 3, 128, 129
cane carrier, 61
cane plantations, advantages of
wire-rope tramways on, 3, 4

cane plantations, travelling
shunt for wire-rope tramway
on, 12§ |

~cane, wire-rope tramway for
transport of, 125-128
usine or factory, wire-rope
tramway flor conveyance of
workmen to, 177, 178
Superiar District, Lake, wire-rope
tramway in, 154
Supporting endless or running rope
at standards, methods of, 8, 25,
20, 104
fixed carrying rope at standards,
methods of, 10, 32, 33, 141,
142, 147
sheaves or pulleys for endless
Or running rope, 24-26, 30,
31, 107 .
sheaves or pulleys for rounding
curves, 25, 36
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4,

Survey for line of wire-rope tramway,
20, 194
Sussex, wire-rope tramway in, 179,
180
Swedish tar, use of, for lubricating
wire-rope tramway, 106, 107, 160
‘System, endless or running rope,
~ the, 7-9, 22-26, 98-129
hxed carrying rope, the, 9-13,
31-36, 130-180
~ telpher electrical, 61, 67-69
telpher original, 69-72
telpher impmvéd, 72-G7
Systems of wirc-rope  tramways,
different, 6-17

ABLE of breaking strains of
stee]l wire, 200
general, of round wire ropes,
198, 199
of flexible steel wire ropes, 197
Mounlain, wire-rope tramway
up, 174-176
Tallow, use of, for lubricating wire
ropes, 190
Tar, Swedish, use of, for lubricating
wire ropes, 106, 107, 190
Telpher lines of wire-ropé tramway,
179, 180
Telpherage, 61, 67-97, 179, 180
~Temporary building operations,
wire-rope tramway for usc at,
142-145
junctions for wire-rope tram-
ways, 34
- work, wire-rope tramways fm'
13-15, 156-158
Torminals for wire-rope tramways,
33 34, I10-112, 133-135, 165,
104-166
Texas, wire-rope tramway in, 154

INDEX.

Textile goods, carrier rereptacle forf -
goods, installation of wire-rope "
tramway for carrying, 119
Thetford Mines, wire-rope tmmwa}r'
at, 154 . .
Thom, wu'e rope tramway at 142,'- |
143 s :
Three lines of w1re-rupe trﬂmwayni--t
]unctmn of, 125 . - ‘ s
Tiel, wire-rope tramwa}r t, gﬂ, gg
Tilly Foster Mines,’ wxre-rﬂpe tram
way af, 148, 15§
Timber, wire-rope tramwdy fa‘r
transport of, 102- 108, 169-171 o
Tournoux, wire-rope tramway at,
156, 157
Train, telpher, method of mntmlling .
distance between, 70-87 -
Tramways, aerial or wireXope,
different qystems of, 617 =
aerial or wire-rope, lnstu!latmm,_
~ of, 98-180 . L
Pransporting wiré ropes in mnuntnin
ous districts, 105, 106, 161, 169- -RJ¥ -
Transylvanian wire-rope tramway, -
the preat, 145-148 |
Travelling shunt for use with wire-
rope tramway, 124
Trenches, wire-rope “tramway  for
removing earth from, 13
Truck or runner—
hest form of, 36
safety arrangements, 38-40
to couple to driving or hauling
rope, 40-56
with double wheels, 38
Trucks, runners, or Wddles, 36-40
Two parallel fixed rope system,
arrangement of, with numerous
carriers, 10, 11 |
parallel fixed ropé system, with
two carriers, 12, 13 | #



'Type uf mStive power for wire- mpe
- tramwa}r, most suitable, 6:!

LM, wire-rope tramway at,
143, 144
Uncnuplmg pawl grip, arrangement
fbr, %153 -
Unguents,best types, for use on wire-
.'v rope tramways, 106, 107, 190
United States, use of endless rope
system in, 8 '
- wire-rope lramways in, 148-155
.. .. Unloading stations, 101, 102, 135,

136, 140
stations. See ase Terminals
vessels, temporary  wire-rope

{ramway for, 1%
Uprights, See Posts or Standards
“ Usines.  Sez Sugar Estates

. VACUUM machine for cleansing
and lubricating wire ropes,
192

Vajdahiinyad, wire-rope tramway at,
145-148

' Vehlcles, carrier receptacles nr, 57-

6t
See' alsa Installations on Dif-
- ferent Systems
Vessﬂi wire-rope tramway for can-
" veying goods between, and ware-
house, 15-17
wire-rope tramway for loading
and unloading, 39, 40, 176,
- 17 ' _
- wire-rope tramway for permit-
ting, to be coaled at se, 17
Vllla Reformna, span of wu'e-mpe
- tramway ut, 135 |

- Virginia oil, black West, use of, for |

lubricating wire.rope tramways,

107, 190

’ INDEX. = ®

o’
21%

AREHOQUSE, wire-rope
lramway to convey goods
“between, and floating crane, 15
wire-rope tramway to convey
goods between, and ship or
vessel, 15-17

War Office, wire-rope tramway con-

structed for, 173, 174
Wasteful application of lubricants
on wire-rope tramways, 191
Water. power, working wire.rope™
tramways by, 65, 11§, 119, 125,
170, 173, 174, 179 |
works, wire-rope {ramways at,
115, 116, 174- 1?6
Wear of ropes on wire-rope tram--
ways, 23, 24, 49, 139
West Virginia oil, black, use of,
for lubricating wire-rope tramway,
107, 190
Weston, telpher line of wire-rope
tramwa}r at, 179, 180
Winding zinc wire in wire rope,
160
Wire rope—
Albert lay, when new, 23
~ Albert lay, after use on wire-
rope tramway, 23, 24
Lang lay, so-called patent, 23
tramways, different systems of,
6-17
tramways, installations. nf, 98-
- 180
Wire ropes-- |
for fixed carrying rupe system,
31-36
for running or endless rope
system, 22-26
ordinary attachments for, 188,
189 . - |
securing, in SﬂEkEtE, &{:.', 185-
138 |
splicing, 138, 139, 181-184
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Wire ropes—
to remove a kink from, 193
to preserve, 189-192
table, general, of round, 198,
199
table, of flexible, 197
Wire, steel, hreaking strains of, 200
Wood fuel, wire-rope tramway fos-
transport of, 102-108
See alse Timber
Wooden posts or standards, 20, 21
Work, temporary, wire-rope tram-
. way for, 156, 157
Working wire-rope tramway, cheap-
- est. method of, 63, 64
“cost.  See Cost

INBEx\t '

Wurkmen , mrmh..r ?equﬁeﬂ - vn[i- |
rope tramway. = Szz Instaliatiops.
of Wire-Rope Tramways o

wire-rope  tramways fof gﬂ

veyance of, 173, 174, I’?:,
178

ORKSHIRE, wire- rope, LK
ways in,’ 121, 123, 124 T

INC, coating of, to pres
wire ropes, 191,
wire winding in wire mpes. Igﬂ

T
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BUI.I.IVANT & 00, I.IMITEIJ

| ﬂ‘n which is Incorporated the WIRE TRAMWAY GOMPANY LIHITED the
* = Original Constractors of Wire Ropeways under the Hodgson
and Carrington Patents),

Contractors for the Construction of

WIBE ROPEWAYS ON ALL SYSTEMS TO SUIT ALL

_ REQUIRENENTS

I ENDLESS RUNNING ROPE ROPEWAYS onm
all Types.

I, DOUBLE FIXED ROPE INCLINES.

III. SINGLE FIXED ROPE ROPEWAYS.

IV. FIXED ROPE AND ENDLESS HAULING:
~ ROPE ROPEWAYS. %

'ﬁi

3

Single Loads can be carried of 4 tons.

Spana without support up to 2,000 yards, where
the section of ground is suitable.

., Hlustrations of the various systems will be
found in the present volume.

Examples at work in all parts of the world,

“Consulting Engineer—W. T. H, CARRINGTON, M.Inst.C.E.

BULLIVANT & C0., LIMITED,

72 MARK LANE LONDON EC
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A J. WALLISTAYLER, GE, AMIGE,"

1 323 HIGH MHOLBORN, W.C., & 77 YICTORIA ROAD,
| KILBURN, N.W., LONDON. |

lMa:hinw and Sanitary Ins%ntiuns, Reports, Surveys, Expert
Evidence, Working and other Drawings, Technical Translations
from or into French or Spanish, &c. &c. .

M
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AUTHOR OF .

MODERN CYCLES, A Practical Handbook on their Construc-.
tion and Repair. Crown 8vo, 356 pages, with 3o4 illustrations.
Cloth, 10s. 6d.

‘« Useful addition to the works devoted to cycles, and the book eught to
have a ready sale,— The Engeneer.

Motor-Cars, or. Power-Carriages for Common Roads. Crown
8vo, about 200 pages, 70 illustrations. Cloth, 4s. 6d. |

' Mr Wallis-Tayler's book is a welcome addition to the literature of the
subject, as it is the production of an Engineer, and has not been written with
a view to assist in the promotion of companies. . . . The book is clearly
expressed throughout, and is just the sort of work that an engineer, thinking .
of turning his attention to motor carriage work, would do well to 1ead as a
preliminary to starting operations.”’—Engineering.

Refrigerating and Ice-Making Machinery. Secand Editigs, -
Crown 8vo, 310 pages, 97 illustrations. Cloth, 7s. &d. '

* "One of the best compilations on the subject, The description of the
different refrigerating machines, and the principles on which they act, are
described with an intelligent appreciation of the means and the end. His
book may be recommended as a useful description of the machinery, the
processes, and of the facts, figures, and tabulated physics of its subject,”— -

- ThEEngineer, N

Sugar Machinery. 314 pages, 52 illustrations. Cloth, ss.
‘A thoroughly useful work for all engaged in the manufacture of sugall

i gives detailed descriptions of all the machines and apparatus used in the
varions processes, and many practical hints which will be of great value to.
those in charge of them," —Sowth American Jonrnal,

-;Bearings and Lubrications. Crown 8vo, 220 pages, 78 illustrﬂtiups,

Cloth, 3s. 6d. «
“Mr Wallis-Tayler’s book is one which may be studied with advanta |
and profit by both the machinery owner and the attendant. . . . T

hints the book contains may be the means of saving a good deal of time and
- trouble with machinery.”’— The Machinery Market,
Sanitary Arrangement of Dwelling-Houses. Crown 8vo, 200

ages, 123 illustrations. Cloth, 2s. 6d.
**This book will no doubt be largely read, and will, we venture to think,
be of considerable service to the public,”—The Lancet,

Aerial or Wire-Rope Tramways. Crown 8vo, 224 pages, 81
illustrations. Cloth, price 7s. 6d., post free, Just Published. -
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-« MECHANICAL ENGINEERING, &c.

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. KinNgag CLark, M, Inst. C.E,
Third Edition, Revised, Small 8vo, 700 pp., bound in flexible Leather Covally .

W rounded corners . c ' . . . . . . . .

. BUMMARY OF CONTENTS:—MATHEMATICAL TABLES.—MEASUREMENT OF SUR-

E5 AND SOLIDS.—ENGLISH AND FORRIGN WEIGHTS AND MEBASURES,—MONEYS,—

BCIFIC GRAVITY, WEIGHT, AND VOLUME ~MANUFACTUKEDR? METALS. —STEEL PIPES.
— BOLTS AND NUTS. —SUNDRY AKTUICLIES IN WROUGHT AND CAST IR0, COPPER, .;
BrASS, LEAD, TIN, ZINC,—STRENGTH OF TIMBER,.—STRENGTH OF CASY [RON,—
STRENGTH OF WROUCHT ITRON.—STRENGTH OF STUEL.—TENSILE STRENGTHM OF
COPPER, [.EAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERJALS.—
RIVETED JOINTS IN BOILER PLATES —BOILER SHELLS,—WIRE ROPES AND HEMP
ROPES,.&CHAINS AND CHAIN CABLES.—FRAMING, —HARDNESS OF METALS, ALLOYS, AND
STONES, —LABOUR OF ANIMALS. —MECHANICAL PRINCIFLES.—GRAVITY AND FALL OF
%4 BODIES,—ACCELERATING AND RETARDING FORCES.—MILL (GEARING, SHAFTING, &c.—
. TRANSMISSION OF MOTIVE POWER,—~HEAT.—COMBUSTION 5, FUELS,—WARMING, VENTI-
LATION, COOKING STOVES.—STEAM.—S5TEAM ENGINES AND BOiLERS,—RAILWAYS. —
TRAMWAYS. —STRAM SRHIPS.—FPUMPING STHAM ENGINES AND PUMPS.—COAL GAS, GaS
ENGINBS, &c.—AIR IN MOTION.—COMPRESSED AIR —1[OT AIR ENGINES.—WATER
POWER,—SPEED OF CUTTING TOSLS. —COLOURS,—ELECTRICAL ENGINEERING.

* Mr. Clark manifests what is an innute perception of what is likely to be useful in a pocket-
book, and he is really unrivalled in the art of condensation, [t is very difficult to hit uUpOR any
rmechanical engineering subject concerning which this work supplies no information, and the
excellent index at the end adds to its utility,  In ope word, it is an exceedingly handy and efficient
tool, possesged of which the engineer will be saved many a wearisome calcuiation, or yat more
waarigoine hunt thmu;}ruh various text-books and treatises, and, as such, we can heaﬂil;r recomnrend
it ta our readers, "~ Erpinzer, - " '

*' It would be foynd difficult to compress more matter within a similar compasg, or produce a
baok of 650 pages which should be mere comipict or convenlent for pocket reférence, . , . Will
be appreciated by mechanical engineers of all classes.”— Pragical Engineer,

.Ta
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MR. HUTTON'S PRACTICAL HANDBOOKS. =
. »

T e ———— e ———

THE WORKS’' MANAGER'S HANDBOOK. = .

Comprising Modern Rules, Tables, and Data. For En ineers, Millwright
and Boiler Makers ; Tool Makers, Machinists, afld Metal Workers ;,Iron an
i Brass Founders, &. By W. S. Hurton, Civil and Mechanical Engineer,
Author of '“The Practical Engineer's Handbook.” Fifth Edition, carefully
Revised, with Additions. In One handsome Volume, medium 8vo, strongl
bound . ' . : . . . . . . . . 1;5

B The Author having "compiled Rules and Data Jor his own use in a great
variety of modern engineering work, and having found his notes sxiremely ussgld.
decided to publish them—yevised fo date-~believing that a dractical work, suited to
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be Javourably received, .

“Of this edition we may repeat the appreciative remarks we made upon the first and third,
Since the appearance of the latter very considerable modifications have been made, although the
total number of pages remains almost the same. It §s o very usefui collection of rules, tables, and
wurkshqlp and drawing office data."— Fhe Fugineer, May 1o, 139;.

** The author treats every subject from the polnt n¥ view of one who has collected weorkshop
notes for application in workshop practice, rather than fram the theoretical or literary aspect. Tha
volume contains a great deal of that kind of informntion which is gained only by practical experience,
and iz seldoin written in books,"— 7k Lngineer, June g, 188¢, e ¥

'* The volume is an exceedingly useful ene, Lhrimful with ineer's notea, yemoranda, and
wiles, and well worthy of being on every mechanical engineer's bookshelf. “— Mechkanicat Wordd,

' The information is precisely that likely to be required [n practice, . . . The work
* 8 desivabls addirion te the library not only of the wcaras' manager, but of any one connected
general engineering. "— Miving Fonrnal,

" Brimful of wseful information, stated in a concise form, Mr. Hutton's books have met a
pressing want atnong engineers. The book muust prove extremely useful to every practical man
pPoBsessing a copy.'—Practical Fugineer.

THE PRACTICAL ENGINEER'S HANDBOOK.

Comptising a Treatise on Modern Engines and Boilers, Marine, Locomotive
and Stationary, And contsining a large collection of Rules and Pracncaj
Data velating to Recent Practice in DPesigning and Cunstnmm}g qll kmﬁf
Engines, Boilers, and other Engineering work. The whole constituting a ¢om-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WALTER S, HyurTron,
Civil and Mechanical Engineer, Author of ** The Works’ Manager's Handbook
for Engineers,"” &c. With upwards of 370 Illusirations. Fifth F.dition,
Revised with Additions, Medium 8vo, nearly goo pp., ﬂtmnﬁly bound,

.

[Jusi Published. 18/0

& B~ This Work is designed as a companion to the Author’s *Wopks'
MaNAGER's HanproOK." If possesses many new and orsginal features, and tom-
tains, like its predecessor, a quaniity of matier not originaily " d for publication
bust collected by the Author for his own use in the construction of a grea varssly
MopERN ENGINEERING WORK, |

The informalion is given in a condensed and concise form, and is thustrated by
upwards ﬂ{ 370 Woodculs; and comprises a guantity of tabulated matier of great
- valut to ali engaged in designing, constructing, or estimating for ENGINES, BoiLErs,
‘and oTHER ENGINEERING WORK, ] -

"“ We have kept it at hand for several weeks, referring to it as occasion arose, and we have hot
on a single occasion consulted its pages without finding the information of which we wers In quesk,
A tREriRI I, .

"' A thoraughly good practical handbaak, which no engineer can go through without learning

omething that will ge of service ta him."—AMarine Enginser. *

" An excellent book of reference for engineers, and a valuable text-book for students of
engineeting."" —Scotsmean,

N " This valuable manual E‘t}mhnd}frs the results and experlence of the leading authorities on
mechanical engineering.” - Auilding News.

“"The atﬁlhur has collected together a surprising quantity of rules and practical data, and has
shown much judgment in the selections he has made, . . . Thereis no deubt thla_at this book s
one of the most useful of its kind published, and will be a very popular compendium,"—Engineer,

" A mass of information set down in simple language, and in such a faorm that it can mili
referred to at-any time, The matter is unlformfy goad and well chosen, and is greatly elucidate
by the {lustra The book will find its way on to most engineers' shelves, where it will rank ag
one of he most useful baoks of reference,"— Praciical Engineer, .

** Full of useful information, and should be found on the office shelf of all practical snginesrs.
~Enpglish Mechanic, . .

L
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MECHANICAL ENGINEERING, &, - ;

MR. HUTTON'S PRACTICAL HANDBOYKS—continued.

. - a

STEAM BOILER CONSTRUCTION.

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users.
Containing a large Collection of Rules and Data relating to Recent Practice
ig the Design, Construction, and Working of all Kinds of Statienar}r, Loco-
motive, and Marine Steam-Boilers. B WaLTER S. HuTtow, Civil and
Mechanical Engineer, Author of The ‘;nrks‘ Manager's Handhook,” * The
Practical Engineer’s Handbool,” &ec, With upwards of goo Illustrations.
Third Edition, Revised and much Eniarged, medium 8vo, cloth . - 18/0

- THis Wnsx s issued in continuation of the Series of Handbooks written

by the Author,vis, ;" Tyg WoRKS' MANAGER'S HaNDBoOK " and ' Tne PRACTICAL

NGINEER'S Hanpnook,” which are so mighly apprecigted by engineers for the

practical nature of their information ; and s consequently written in the same style
ns those works, _ . . ' -

The Author believes that the concentration, in a conventent form for easy
fﬁfﬂfﬂﬂﬂ;ﬂ;}f SHER a .!mt}ga amount of thoroughly practical information on Steam.
Boflers, { be of comsiderable service to those {nr whom it ts inlended, and he trusis
the book may be deemed worthy of as favourable a reception as has been accorded fo

“* One of the best, If nat the hest, books on hallers that has ever been published. The infor-
matlon [s of the right kind, in a simple ancd accessible form. So fur as generation is concerned, thiy
is, undoubtedly, the standard book on steam practice.”— Nlecérical! Revien,

“ Every detail, hath in boiler design and management, is clearly lakd before the reader, The
volume shows that boiler construction has been reduced to the condition of one of the most exact

es; and such a book is of the utmost value to tho JSir de siecle Fogineer and Works Manager,"”
~~Marine Enginerr.

“ There has long been room for a moderm hanidbook on steam hoilers ; there is not that room
now, because Mr, Hutton has filled it. It is a tharoughly practical book for those who are occupied
in the construction, design, selection, &r use of boilers,"—Fupineer, .

** The boak is of 50 tmportant and comprehensive a character that it must find its way into the
libraries of every one interested in boller using or boiler manufacture if they wish to be thoroughly
t;nffnnaad. We strongly recommnend the book for the Intrinsic value of ity contents.” —Mackinery

arkel

PRACTICAL MECHANICS' WORKSHOP COMPANION,

Comprising a great variety of the most useful Rules and Formule in Mechanical
Science, with numerous ’I};,bles of Practical Data and Calculated Results for
Facilitating Mechanical Operations. By WiLriam TemrLeToN, Author of
““ The Engineer’s Practical ssistant,” &c., &c. Seventeenth Edition, Revised,
Modetrnisad, and considerably Enlarged by WavLTER S. HurTton, C.E., Author
of “The Works' Manager's Handbook,” * The Practical Engineer’s Hand-
book,” &c.  Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus-
trative Diagrams, strongly bound for workshop or pocket wear and tear,

“ In its modernised form Hutton’s * Templeton ' should have a wide sale, for it contains much
valuable information which the mechanic will often find of use, and not 5 faw tables and notes which
he tn.{ﬁ:::_r{unk for in vain in other works., ‘This modernised edition will be appreciated by all who

“have ed to value the original editions of * Templeton,'"—English Mechanic. *

** It has met with great success in the engineerin workshop, as we can testify ; and there are

?vzruat many men who, in a great mneasure, owe thelr rise in life to this little book."—Building
05,

" This familiar text-book —well known to all mechanics and engineers—is of essential service
to the ewr}r-d;(t?- requirements of engineers, millwri bts, and the various trades connected with
etgineering and buidding. The new modernised Edﬁ‘iﬂl‘l is worth {ts weight i guld."—Buiiding
News.  (Second Notice.)

“ This well-known and largely.used book contains information, brought up to date, of the
sort 80 useful to the foreman and drag shtsman, So much fresh information has been introduced as
ta constltute it practically a new book, It will he largely vwsed in the office and warkshop,”'—
Mechanical World,

" The publishers wisely entrusted the task of revision of this popular, valvable, and useful
bock to Mr. Hutton, than whom a ora competent man they could not have t‘numl."—frﬂn.

ENGINEER’S AND MILLWRIGHT'S ASSISTANT.

A Collection of Useful Tables, Rules, and Data, By WiLLiam TEMPLETGN.
Seventh Edition, with Additions, 18mo, cloth . . . . 2/8

" Occuples a foremost place amotiy books of this kind,. A more sultable™ resent to an
apprentice to any of the mechanical trades could not possibly be made."—Ruslding® News.
o In: A deservedly popular watk. It should be in the 'drawer' of every mac nlc."—Fugiish
rchanic, . _
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"THE MECHANICAL ENGINEER’S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts,  Part I € ENBRAL
ENGINEERING DaTA. Part I1. Bon.er CoNsTrucTiON,  With g1 Plates and
numerous lllustrations. By Nerson Forgyv, M.LLN.A, Second Edition,
Revised throughout and much Enlarged. Falio, hnlf-hgund, net . 3 Ra.

PAKT I.—MEASURRBR —~CIRCUMFERENCES AND AREAS, &, SOUARES, . CUBES,
FOURTH POWERS.—SQUARHE AND CUBE ROOTS.—SURFACE OF TUBES. —RECIFR CALS,—
LOGARITHMS. — MENSURATION. —SPRCIFIC (GRAVITIES AND WEIGHTS.—WORK AND
POWER. — HEAT, — COMARUSTION, —~ EXPANSION AND CONTRACTION. « EXPANSION OF
GASES.—3TEAM.— STATIC  FORCES.— GRAVITATION AND ATTRACTION.—BIOTION AND
COMPUTAYION OF RESULTING FORCES, —ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION. -MOMENT OF INERTIA.—CENTRE OF OSCILLATION. —ELRCTRICITY, =
STRENGTH OF MATERIALS,—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION,—
TRANSMISSION OF POWER.—FLUOW OF 1.IQUIDS, ~ELOW OF GASES.—AIR PUMPS, SURFACE
CONDHENSHRS, &¢.-—SPHED OF STEA MSHIPS, —PROPELLERS,—CUTXING TOOLS.—-FLANGES,
—COPPER SHEETS AND TUBES.—SCREWS, NUTS, HOLT HEADS, &c.—-VARIOUS RECIFES
AND MISCELLANEOUS MATTER.—WITH THAGRAMS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGE AND SUCTION PIPRS, SCREW PROPELLENXS, AND COPPER PIPES.

PART I1L--TREATING OF POWER OF BOILERS. — USEFUL RATIOS.~NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES, - FLAT
PLATES, —S5TAYS. — (GIRDERS.—SCREWS, — HYDRAULIC TESTS. — RIVETING. — BOILER
BSETTING, CHIMNEYS, AND MOUNTINGS. —IFU ELS, &, —EXAMPLES OF BOILERS AND SEFEREDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HOESE POWER.—WITIH DHAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES DK BOTLERS.

" The book is one which every mechanical engineer may, with Aadvantage to himself, add to
his library. " —/fmdustrier.

“ Mr, Foley is well fitted to compile sichawork, . . . The diagrams are & great feature
aof the work. ., ~. . Tegarding the whale work, it may be vety {airly stated that Mr, Foley has
produced a volume which witl undoubtecty fulfil tlie desire of the suthor and become indispensable
to all mechanical engineers."—Marine Fupineer,

" We have carefully examined this work, and pronounee it a most excellent reference book
. r ir a F L]
for the use of marine engineers.”— Fonrnal of A merican Society aof Naval Esnginesrs. :

COAL AND SPEED TABLES.

A Pocket Book for Engineers and Steam Users. B}Er) NEeLsoN FaLey, Author
of * The Mechanical Engineer’s Reference Book.” Pocket-size, cloth . A6

** These tables are designed to meet the requirements of every-day use; they are of suficjenp

scope for most practical purposes, and may. be commended to engineers and users of gteam."— .
fron,

TEXT-BOOK ON THE STEAM ENGUINE,

With a Supplement on Gas Encixes, and Part I1. on HrEAT ENGINES, By
T. M. Goobevg, M.A., Barrister-at-Law, Professor of Mechanics at the R

.. Lollege of Science, London ; Author of “ The Principles of Mechanies," * The
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo, foth . B8/0

" Prafessor Goudeve has given us a treatise on the steamn engine which wilh bear comparison
with anything written by Huxley or Maxwell, and we can award it no higher prajse."—Engesteer,

" My, Goodeve's text-book Is & work of which every young engineer should possess himself,”
—Mining Fournal,

ON ‘GAS ENGINES,

With Appendix describing a Recent Engine with Tube Igniter. By T. M.
GooneEve,"M.A. Crown 8vo, cloth . . . e . . 2/8

“ Like all Mr. Goodeve's writings, the prescent is no exception In point of general excellence.
It Is a valuable kttle volume."— Mechanical Horid. "

‘A TREATISE ON STEAM BOILERS.

_Their Strength, Construction, and Economical Working. By R. WiLson, C,E.
Fifth Edition, 12mo, cloth = , . . . . . B0

** The best treatise that has ever been published on steam boilers, —Engrneer,
“The author shows himself perfect master of his subject, and we heartil recommend all
employing steam power to possess themselves of the work."—Rylands tron Tm:?‘; Cirenlar,

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. By R. Epwarps, M. Inst.C.E.
Feap, 8vo, cloth, - - [ Just Published, BIG
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-A 'HANDBOOK ON THE STEAM ENGINE.
L

- WRh especial Reference to Small and Medium-sized Engines. For the Use of
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users
of Steam Power. By HErMaAN Haeper, C.E. Translated from the German
with considerable additions and alterations, by H. H. P. Powies, AM.I.C.E,,
M.ILM.E, Second Edition, Revised. \i;ith nearly 1,100 Illustrations.
Crown Bvo, cloth . . . . . . . B0

“A'perfect enc ®dia of the steamn enﬁm and its details, and one which must take a par-

manent place In English drawing-offices and workshops,"—.4 Foreman Patierseniaber.

- '""This ig un excellent book, and should be in the hands of all who are interested in the COn-
struction and design of medlum-sized stationary engines. . . . A careful study of its contents and
the amangement of the sagiuns leads 16 the conclusion that there is probably no other book like it

© in this country. ‘The volufne alms at showing the results of practical experience, and it certainly
may claisn a complete achievement of this idea." — Natnre. .

*There can be no guestion as to its value. We c:}n’liﬂﬂy commend it to all concerned In the -
deslpn and construction of the steam enpine."—Mechanicad 1£orld,

BOILER AND FACTORY CHIMNEYS. -

Their Draught-Power and Stability. With a chapter on Lightning Conductors,
By RoBerT WiLson, A LL.C.E., Author of * A Treatise on Steam Boilers,"” &c,
Crown 8vo, cloth ) . . . . 3/8

* A valuable cogtributlon to the literature of scientific building."— The Builder.,

BOILER MAKER’S READY RECKONER & ASSISTANT,

With Kxamples of Practical Geometry and Templating, for the Use of Platers,
Smiths, and Riveters. By Joun Courrney, Edited hy D. K, Crark,
M.I.C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . T/Q

** No workman ar apprentice should be without this book."—J7roi Trade Circxlar,

REFRIGERATING & ICE-MAKING MACHINERY.

A Descriptive Treatise for the Use of Persons Enipioyin Refrigerating
and Ice-Making Installations, and others. By A, J. \\FALLIE-’l AYLEK,
A.-M. Inst. C.E. Second Edition, Revised and Enlarged. With IHustrations.
Crown 8vo, cloth. [Just Published. T/@

: " Practical, exphicit, and profusely ilustrated."—tilasrow Herald, _

" We recamnmend the ook, whicl grives the cost of varous systemis and fHlustrations showing
details of parts of machinery and jgreneral arrngements of complete installations. "—Buiider,

“ May be recommended as a uscful descriyption of the machinery, the processes, and of the
facts, figurcs, and tabulated physics of refrigerating. It is one of the best compilations on_the
subject."—Enugineer, e

HYDRAULIC MACHINERY,  *

A Practical Handbook on the Machinery Employed in the Concentration and
Transmission of Power. By G. Crovbonx MAakks, AMLCE, A M.ILM.E.
New Edition, Enlarged. Crown 3vo. [In the Press.

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in Railway Engines

between 1Bo3 and 1896, By CLeEmENT E, STrRETTON, C.E. Fifth Edition,

Enlarged. With r2o lllustrations. Crown 8vo, cloth, [ Just Published. a/8

'* Students of railway history and zll who are interested in the evolution of the modern loco-
motive will find mnuch to attract addd entertain in this volume."— Fe Timer.

'“The author of this work s well known to the railway world, and no one, probably, has a

‘hetter knuwlf:r.;ﬁe of the history and development of the locomotive, The volume before us shauld
be of value to all connected with the railway system of this country.”—>Nature.,

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.

A Guide to Commercial Engineering.  With numerous examples of Estimates

and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and

Steam Boilers; and a Section on the Preparation of Costs Accounts. B
' A GENERAL MaNAGER., Second Edition. 8vo, cloth. [Just Published, 12/

*! This is an excellent and very useful book, coverin sublect-matterdn constant requisition in
every factory and warkshop. . . . The baok is invalualile, not only to tha young engineer, but
also to the estimate department of every works,"—Builder. C -

" We'accord the work unqualified praise. The infonnation is glven In a plain, stralghtforw
manner, and tears throughout evidernice of the intimate ’pr:-u:tir:ul acqualntapce of the author with
ayery phasﬂ of cominercial engineering. "-~Mecharseal 1Forid,

-
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PLATING AND BOILER MAKING, ]

A Practical Handbook for Workshop Operations. By Joseeu G. HﬂRHER,
A.M.I.M.E. 380 pp. with 338 Ilustrations. Crown Bvo, cloth. ‘

[ Just Published, 7/8

** The latest production from the pen of this writer is characterised by that evidence of close
acqualntance with workshop methods which will render the baook exceedin ly acceptable to the

mctica! hand. We have no hesitation in commending the work as a serviceable and practical
dhook on a subject which has not hitherto received much attention from those qualified to deal
with It in a satisfactory manner."—Mechasnical IHorid,

PATTERN MAKING.

A Practical Treatise, embracing the Main Types of Engineerin Construction,

and including Gearing, hoth Hand and Machine.-made, Engine Work, Sheaves

and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks,

the Moulding of Patterns in Loam and Greensand, &c., together with the
methods of estimating the weight of Castings; with an A dix of Tables for
Workshop Reference. By Josern G, Horner, A.M.I.M, Second Edition

Enlarged. With 450 Illustrations.” Crown 8vo, cloth . .. . . 7,"6

“ A well-written technical guide, evidently written by a man who understands and has prac-

tised what he has written about. . . . We cordially recommend it to engineering students, young
jnume‘ymen, and others desirous of being initisted itto the mysterics of pattern-making."—EBwuilder,

* More than 4oo illustrations help to explain the text, which is, however, always clear and ex-

plicit, thus rendering the work an excellent vade seciern for the apprentice who desires to become
master of bis trade. " Enpfesh Mechasic,

MECHANICAL ENGINEERING TERMS

S}Imkwnud 's Dictionary of). Embracing those current in the Drawing Office,
attern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, c., &
Comprising upwards of 6,000 Definitions. Iidited by Joscen G, HorNER
A.M?I.M.%I. Second Edition, Revised, with Additions.  Crown 8vo, cloth 73‘6

** Just the sort of handy dictionary required by the various trades eng;r:ag'ed in mechanical en.
rAng. The practical engineering [tupi] will ind the book of great value In his studies, and avery
man engineer and mecharnic should have a copy."—Buildiny News. ’

" Not merely a dictionary, but, to & certain ‘extent, alss a most valuable guide. It strikes us

as 2 happy ider to combine with a definition of the phrase useful information on the subject 11
which it treats.”—Mackinery Markel, ] .

TOOTHED GEARING.

A Practical Handbook for Offices and Workshops, By Josern HORNER,
AM.I.M.E. With 184 Illustrations. Crown 8vo, cloth . . . 80

*“We wust give the haok our un&]ualiﬁcd praise for its thoroughness of treatment, and we can

heartily recommend it to all interested as the most practical book on the sublect yet wiitten,"—
Mecharical Horid,

FIRES, FIRE-ENGINES, AND FIRE BRIGADES.

With a History of Fire-En ines, their Construction, Use, and Manage-
ment; Remarks on Fire-proof Buildings, and the Preservation of Life from
Fire ; Statistics of the Fire Appliances in English Towns: Foreign Fire
Systems ; Hints on Fire-Brigades, &c., &c. By CuarLEs F. T. Younc, C.E.

ith Illustrations, s44 pp. Demy §vo, cloth |, . . . . ﬂ‘i 45

“To such of our readers as are interested in the subject of fires and fire apparatns, we can

most heartily commend this kook, It is really the only English work we now have upon the sub-
Joct."—Engincering.

MOTOR CARS FOR COMMON ROADS.

By A, J. WaLnis-TAYLER, Assoc, Memb, Inst. C.E.. Author of “* Moderh
Cycles,” &c. Including Early and Recent Examples of Steam Road Carriages,
Intetnal Combustion or Kxplosive Engine Carriages, Electric Motor Carri s
Miscellaneous Motor Cars, Auto-Car Bill, Rules and Re lations, &ec. ﬁiﬂl
- numerous Illustrations, Crown 8vo, cloth. [fi?st Published. 4/8

AERIAL OR WIRE-ROPE TRAMWAYS,

Their Construction and Management, By A. J.WaLL1s-TAvLER, A.M.Inst.C.E,
1“41‘]1 [T I 1 T F . T T r ——
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STONE-WORKING MACHINERY. .

A Manual dealing with the Rapid and Ecoromical Conversion of Stone, With
Hints on the Arrangement and Management of Stone Works. By M, Pow:s
BaLe, M.I1.M.E. Second Edition, enlarged. With ITlustrations. Crown 8vo
cloth. [Just Published. ©/0

**The book should be in the hands of every mason or student of stonework,”-—Colidery

uardian,
‘' A capital handbook for all who manipuiate stone for building or ornamentai purpoges.”—

Mackinery Market,

PUMPS AND PUMPING.

A Handbook for. Pump Users. Being Notes on Selection, Construction, and
Management. By M. Powis Barg, ML.I.M.E. Third Edition, Revised.
Crown 8vo, cloth, [ Just Published. 2/8

" The matter is set forth as concisely as passible, In fact, condensation rather than difftise.
ness 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.
“ Thoroughly practical and simply and clearly written,”"—Glasyromn Herald,

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shaping Metals by Rotary Cutters. Including
Information on Making and Grinding the Cufters. By PavL N. HasLuck,
Author of * Lathe-Work." 1352 pp. With upwards of 300 Engravings, Large
crown 8vo, cloth . . . . . . . « 192/

“* A new departure in engineering literature. . . . We can recominend this work to all in
terested in milling machines ; it is what it professes to be—a practical treatise."—Esngrneer.
** A capital and] relinble book whiclh will no doubt be of considerable service both to those
E:‘u are already acquainted with the process as well as to those who contemplate its adoption, -
HIITLLS, :

LATHE-WORK.

A Practical Treatise on the Tools, Appliances, and Processes employed in
the Art of Turning. By Paur N. Hasiuck. Fifth Edition. Crown 8vo
cloth . . . ' 5/0

"t Written by a man wtio knows not enly how work ought to be done, but who also knows how

tg dg it, and how to convey his knowliedge to others. Te allturners this book would be valuable,'--
HEYHELTII T,

- “ We can safely recommend the work to young engineers.  To the amateur it will simply be

invaluable. To the student it will cotivey 4 great deal of useful information,”" —Kagesneer.

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and complete
Directions for using Screw-Cutting Lathes, By Pavr N, HasLuck, Author
of * Lathe-Work,” &c. With Seventy-four “Yllﬁlrﬂ.ﬂ{}ﬂi Fourth Edition
Re-written and Enlarged. Waistcoat:pocketsize . . . . . 1/8

“ Full of useful Information, hints and practical criticism. Taps, dies, and screwing tools
generally are litustrated and their actinns deacrﬁmd."—ﬂfzrfmm'mf torid, e
] ‘1t is a complete compendium of all the details of the screw-cutting lathe ; in fact a mulium-
Fmparva on all the subjects it treats npon."—Cargenter and Builder, '

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Frances SaiTH,  Sixth Edition, Revised, including
BLECTRICAL TaBLES, FoRMULA, and MEMORANDA, Waistcoat-pocket size,
limp leather, [Just Published. 1/8

"It wouid, perhaps, be as difficult to make a sinall packet-book selection of notes and formula -

to suit ALL engineers as it woulld be to make a universal medicine ; but Mr, Smith’s walstcoat-
ket coliection may be looked upon as a successiui attewipt, " —Eagrineer.

* The hest example we have ever seen of 370 pages of useful matter packed into the dimen.

gions of a card-case."—Building News. ** A veritable pocket treasury of knowledge.”—/fron,

POCKET UGLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,

Engineering, Manufacturing, and Nautical Professions. By JouN IEMES

FiLETCHER, Engineer and Surveyor. Second Fdition, Revised and En '

200 pp Waistcoat-pocket size, imp leather ‘ . . . . 1/8

"1t is a very great ndvﬂntaﬁ:rtll‘nr readers and correspotclents in France and EnFlami to have
41

&0 large a number of the words re to engineeriny and manufacturers collected in a Llliputian
valume. The little book will be usefu) both t_E stucllnnfs and travellers."—of reiifect, P .
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THE ENGINEER'S YEAR BOOK FOR 1898,
Comprising Formule, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine Engineering. By H, R. Kemui, A, M. Inst. C.E,,
M.L.E.E., Technical Officer of the Engineer-in-Chief’s O ce, General Post
Office, London, Author of “A Handbook of Electrical Testing.’. *'The
Electrical Engineer’s Pocket-Book,” &c, With about 8 so Hlustrations, speciall
Engraved for the work, Crown 8vo, 700 pp., leather, [ Just Pub!ishcdpec ,-'3

orsies "“Represents an cnormous quantity of wark, and forins a desirable book of reference.”"— e

SHETReer. .
¥ *The velume is distinctly in advance of most similar publications in this country.”—

Hagineeriig.

* This valuable amdd well-designed bLook of referance theets the demands of all descriptions of
engineers."—Satnrday Keview.
* Teems with up-to-date infonnation in every branch of engineering and construction,"-

Budlding News,

“The needs of the engineering profession coulsd hardly be supplled in a more admirable,
complete and convenient farm.  To say that it more than sustains allp compatisons is praise of the .
highest sort, and that inay Justly be said af it,"— Aff s Fournal, _

" There is {:crtainl)},r rooan for the newconer, which supplies explanatjons and d

4 “
well as formule and tables, It deserves to become one of the rgost successful of thm
Annuals."— A yokitect. : .

"' Brings together with great skill all the technical information which an en ineer has to ude
day by day. Itisin every way adiirably equipped, and is sure to prove successlul. "—Scolsrran.

" The up-to-dateness of Mr, Kempe's compilation is a quality that will nat be lost on the busy
people for whom the work s intended,"—Glasyow Herald.

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam Engines generally, By WiLLtam Dvson
WanssroucH, Crown 8vo, cloth . . . e . . 3/8

**This is a work of value to these who use steam machinery, , . . Should be rcad by every
one wha has a steam engine, on & Tarnl or efsewhere."—Afard I.ae Fixprecs,

" We cardinlly colnmend this work to buyers and owners aof steam-engines, ang ko those whe -
have to do with theiy construction or use,"—— Fimber Frades Fournal. :

"' Such a general knowledge of the steam-engrine as MT. Wanshrough furnishes to the reader
shoubd be acquired by allintelligent owners and others who use the steam-engine, "~ Busiding News.

" An excellent text-book of this uselfu! form of cengine, The * Hints to Purchasers’ contain a
good deal of commion-sense and practical wisdow, "~ Frrfish Afechanic.

IRON AND STEEL.

.
A Work for the Forge, Foundry, Factory, and Office. Containing ready,
useful, and tmstwnrtﬁy Information for Ironmasters and their Stock-takers
Mapagers of Bar, Ratl, Plate, and Sheet Rolling Mills: Iron and Metaf
Founders; Fron Ship and Bridge Builders: Mechazical, Mining, and Cons
sulting Engineers ; Architects, Contractors, Builders, &c. By CHARLES HoARE,
Author of " The Slide Rule,” &c. Ninth Edition.: 3zmo, leather . B8/0

' For camprehensiveness the book has not its equal.”—Jfron,
" One of the hest of the pocket books, "—-Fuyrdich Iechanze.

CONDENSED MECHANICS.

A Selection of Formula, Rules, Tables, and Data for the Use of Engineering
Students, Science Classes, &c. In accordance with the Requirements of the
Science and Art Department. By W. G. Crawrorp HucHEs, AM.LI.C.E.
Crown 8vo, cloth ' . . , . . . . . . 216

*The book is well fitted for those wlho are either confronted with élrac:ti-::al problems in
their work, or are preparing for cxamination and wish to refresh their knowle ge by poing through
thelr formule again.”— Marine Kapineer,

It is well arranged, and meets the wants of those for whom it is intended,"—Raifway News,

THE SAFE USE OF STEAM.

Containing Rules for Unprofessional Steam Users. By an ENGINEER., Seventh
Edition. Sewed. . . . . . . . . . . . 8o,

* If steam-users would but learn this little book by heart, boiler explosions would become
sensations by their rarity "—Frrfiskh Mechanic,

HEATING BY HOT WATER.

With Information and Suggestions on the best Methods of Heating Pl_llglié,
Private and Horticultural %’juildin 5 By WabLrer Jones, Second Edition,
With g6 Illustrations, crown 8vo, cloth . . ‘ . . Net 8

"' We confidently recopunend all interested in heating by hot water to secure z copy of this
valuable little treatise,”— The Pivmber and Decarator, -
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CIVIL ENGINEERING, SURVEYING, &c.

LIGHT RAILWAYS FOR THE UNITED KINGDOM,
JINDIA, AND THE COLONIES.

A Practical Handbook settin]% forth the Principles on which Light Railways
should be Constructed, Worked, and 1?"irr£|.t'n':eéJ » and detailing the Cost of
Construction, Equipment, Revenue and Working Expenses of Local Railways
. already established in the above-mentioned countries, and in Belgium, France
Switzerland, &c. By J. C. Mackay, F.G.S., A.M.Inst.C.E, lllustrated
with Plates and Diagrams. Medium 8vo, cloth. [Just Publtshed., 1810

: “Mr. Mackay's volume is clearly and concisely written, admirably arranged, and freely
Nustrated. The book is exactly what kas been long wanted, We recommend it to all interested
in the subiect., It is sure to have a wide sale,"—Xaifway News.

"Tfmse wha desire to have within reach general information concerning almost all the light
railwa?r Elymemﬁ in the wortd will <l wetl to buy Mr, Mackay's boolk."—FEniinecr. .

T'his work appears very opportunely, when the extension of the system on a large scale to
England is at last Leing mooted.  In its pages we find all the information thut the heart of man can
desire on the subject. . . . every detail in its story, founded on the experience of other countries
and applied to the possibilities of Englaml, is put before us,”—Specfator,

PRACTICAL TUNNELLING.

Explaining in detai! Setting-out the Works, Shaft-sinking, and Heading-driwing,
Ranging the Lines and Levelling underground, Sub-Excavating, Ti ng
and the Construction of the Brickwork of Tunnels, with the amount of DIa
required for, and the Cost of, the various portions of the work. Hy FREDERICK
W. Simms, M. Inst. C.E. Fourth Edinon, Revised and Further Extended,
including the most recent (1895) Examples of Sub-aqueous and other Tunnels,
by D. Kixngar Crark, M. Inst. C.E. Imperial 8vo, with 34 Faolding Plates
and other Illustrations. Cloth. [ Just Published., £92 2x.

*The present {185 edition has been brought right up to date, and is thus rendered a work to

which civil engineers generally should have ready access, and to which engineers who have con.

tion work can hatdlly afford to be without, but which to the younger memnbers of the profession

Is Invaluable, as fron its pages they can learn the state to which the science of tunnelling bhas
-artained, "~Railway News, '

*¥The esilmation in which Mr. Simms's book has been held for many years cannot be more
truly expressed than in the words of the late Prof, Rankine : * The best source of information o
the subject of tunnels is Mr. F. W, Simms's work on Practzeal Tunnelling.” "— A rehifect, -

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. Burroxn, A.M, Inst. C.E., Professor of Sanitary Engineering in the
Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo
Water-works, Second Edition, Revised and Extended. With numerous
Plates and Illustrations. Super-royal 8vo, buckram. [Just Published. 280

1. INTRODUCTORY, — II, DIFFERENT QUALITIES OF WATER. — 111, QUANTITY OF
WATER TOQ BE PROVINED.—IV. ON ASCERTAINING WHETHER A PROPOSED SQURCE OF
SUPPLY I35 SUFFICIHNT, —V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
" BE PROVIDLED. —VI. CLASSIFICATION OF WATHR-WORKS.—VI[, IMPOUNDING RESER-
VOIRS,—VIIL. EARTHWORK Daxis.—IX, MASONRY DaMs.—X. THE FURIFICATION OF
WATER.—XI., SETILING RESERVOIRS,—M1F. SAKD FILTRATION.—XIII. PURIFICATION
OF WATER BY ACTION OF 1RON, SOFTENING OF WATER BY ACTION OF LLIME, NATURAL
FILTRATION.—XIV, SERVICH OR CLEAN WATER RESERVOIRS—WATER TOWHERS—5TAND
PIPES.—XV., THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE.
RESERVOIRS. XV, PUMPING MACHINERY.—XVII, FLOW OF WATHR IN CONDUITS=—
PIPES AND OPHN CHANNELS—XVIII, DISTRIBUTION SYSTEMS.—XIX. SPECIAL FPRO-
VISIONS FOR THE EXTINCTION OF FIRE.—XX. PIPES FOR WATER-WORKS, —XXI, PRE.
VENTION OF WASTH OF WATER.—XXII. VARIQUS AFPLICATIONS USED IN CONNECTION -
WITH WATER-WOHEKS,

AFPENDIX I, By PrROF. JUHN MILNE, F.R.5 —CONSIDERATIONS CONCERNING THE
PROBABLE EFFECTS OF EARTHOQUAKES ON WATER-WORKS, AND THE S5PECIAL PRE-
CAUTIONS TO BE TAKEN IN EARTHOUAKE COUNVRIES,

.. APPENDIX IT. By JOHN DIE RIJKE, C.E.—ON SAND TINES aND DUNE SAND A5
A SOURCE OF WATER SUPPLY. o

i The chapter upon Altration of water is very complete, and the details of construction well
Hinstrated. . . . The work shoull s specially valuable to civil engineers engaged in work in
Japan, but the interest s by no means confined g that locality, “—Engineer.

* We congratulate the author upon the practical cominonsensa shown in the preparation of
this work, . . . The plates and dingrams have evidently been prepared with great care, and
cannot fidl to be of great assistance to the student,”—Budider. i

** The whole art of water-works construction is dealt with in a clear and comprehensive (ashion
in this handsome volume. . . . Mr. Burton's ractical I:r&all:isﬂ shows in all its sections the fruit
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L
THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiam Humser, A. M. Inst. C.E.,, and M, Inst, M.E., Auth® of " Cast N
and Wrought fron Bridge Construction,” &c., &c, Illustrated with go Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 oodcuts,

and containing 400 pp. of Text. Imp. 4to, elegantly and substantially
half-bound in morocco . . ] . . . . . . I8 Bs.

LisT or CoNTENTS.

1. HISTORICAL SKETCH OF S0MF OF THE MEANS THAT ITAVE HEEN ADOPTED FOR
THE SUPFLY OF WATER T0 CITIES AND TOWNS.—I1. WATER AND THE FOREIGN MATTER
USUALLY ASSOCIATED WITH IT.—1II, RAINFALL AND EVAPORATION —IV, SPRINGS AND
THE WATER-BEEARING FORMATIONS OF VARIOUS DISTRICTS.—V, MEASUREMENT AND.
ESTIMATION GF THE FLOW OF WATER.-—V]I. ON THE SELECTION OF THE SQURCE OF
SUPPLY.—VII, WELLS.—VIIT, RHESERVOIRS,—IX. THE PURIFICATION OF WATHR.—
X. PUMPS,—XL PUMPING MACHINERY.—XII, CONDUITS,—XIII DISTRIHUTION OF WATER,
—XIV: METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LAW DF ECONOMY OF
WATER-WORKS —~X V], CONSTANT AND INTERMITTENT SUPPLY.~-XVII. DESCRIPTION OF
PLATES,—APPENDICES, GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, &c., &,
TOGETHER WITH SPRCIFICATIONS OF SEVERAL WORKS ILLUSTRATHED, AMONG WHICH
WILL BE FOUND: ANERDEEN, BIDEKORD, CANTERAURY, IMINDER, HALIFAX, LAMBEETH,
ROTHERHAM, DUBLIN, AND OTHERS.

** The most systematic and valuable work upon water supply hitherto produced in English, or
In any other language. . . . Mr, Humber's work is characterised almost throughout by an
exhaustivencss much inore distinctive of French and Gerroan than of English technical treatises,* -

. Enfineer,

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for small Country Districts, "By ALLan GREENWELL, AM.LCE.,
and W. T, Cuary, A M.LI.C.E,, F.G.S. "With Illustrations, Second Edition,
Revised, Crown 8vo, cloth, [Just Publsshed, BIO

' We conscientiously recotumend it as a very useful book for those concerned in ohtaining
water for simall districts, giving a great deal of practical information in a small compass.”"—Huiider,

* The volne contains valuable information upon all matters connected with water supply.
Nt It is full of details on points which are continually before water-works engineers."—
ahure.

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULZE.

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers, With New Formule, Tables, and General Information on Rain-fall
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill
Power, By Jorn NEeviLLk, Civil Engineer, M.E.I.ﬁ. Third Edition,
revised, with additions, Numerous Ilustrations. Crown Svo, clath . 14/0

“ It is, of all English hooks on the sihiject, the one nearest to completeness, . . . From

the good arranrement of the matter, the clear explanations and abudance of formule, the carefully

calculated tables, and, above all, the tharengh acquaintance with hoth tlmnr‘v amul construction,
which s displayed from first to last, the book will be found to be an acqutisition,” —_ fachifecs,

HYDRAULIC MANUAL.

Consisting of Working Tables and Explanatory Text. Intended as a Guide in
Hydraulic Calculations and Field Operations. By Lowis D'A, JACksON,
Author of ** Aid to Survey Practice,” **Modern Metrology,” &c. Fourth
Edition, Enlarged. Large crown 8vo, cloth . e . . 1810

“The author has hal a wide experience in hydraulic engineering and has been a careful
observer of the facts which have caine under his notice, and from the wreat mass of material at his
command he has constructed a manual which may be accepted a5 & trustworthy guide to this
branch of the engineer's profession."—Xugineering,

“"The most useful feature of this werk is its freedem from what is superannuated, and its
thorough adeption of recent experiments; the text is in fact in great part a short gecount of the
great modern cxperiments,” —NMaztre. .

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa-
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes..
By C. 5raco, A, M. Inst. C.E., Second Edition. Crown 8vo, cloth ., 7/8

As a small practical treatise on the water supply of towns, and on some applications of water-

power, the wark is in mauy respects excellent,”— Enpgineering.
* The authar bas collateéd the results deduced from the experiments of the most emlnent
authorities, and has presented them in a compact and practical form, accompanied hy very claar
and detajled exnlanations. . . 0 The annbhiratlonm of mweatom oo o sl o B oot L VAl '



CIViL ENGINEERING, SURVEYING, & = 11 .
] _ '
MASONRY DAMS FroM INCEPTION To COMPLETION.

* Incleding numerous Formula, Forms of Specification and Tender, Pocket
Diagram of Forces, &c. For the use of Civil and Mining Kngineers. B
C. F. CovrTneEv, M. Inst. C.E, B8vo, cloth. (Just Published. 9,!3

RIVER BARS.

The Causes of their Formation, and their Treatment by *‘Induced Tidal
Scour ;" with a Description of the Successful Reduction by this Method of
the Bar at Dublin. By I. J. MAn®, Assist, Eng. to the Dublin Port and Docks
Board. Royal 8vo, cloth . ‘ ' . b . . . . 7/8

“ We recommend all interested in barhour works—and, indeed, those concerned in the
improvements of rivers generally-—te read Mr, Mann's interesting work on the treatment of river
bars."—Engrincer,

DRAINAGE OF LANDS, TOWNS AND BUILDINGS.

By G. D, Deanrsev, C.E, Revised, with large Additions on RECENT PRAC-

TICE IN DRAINAGE ENGINEERING, by D. KinNgEar CLARK, M. Inst. C.E.

Author of * Tramways ; their Construction and Waorking.” Cr, 8vo, cloth . 4,1’6
1* The new matter added to Mr. Dempsey's excellent work is characterised by the com

hensive and rocutAey of detail for which the name of Mr. D, K, Clark is a suﬂi:mt
voucher.”" —.A thenaym,

TRAMWAYS: THEIR CONSTRUCTION AND WORKING:

Embracing a Comprehensive History of the System; with an exhaustive
Analysis of the Various Modes of 1raction, including Horse Power, Steam,
- Cable Traction, Eleciric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and &'nrking Expenses. New
Edition, Thoroughly Revised, and Includin%{ the Progress recently made in
Tramway Construction, &c., &c. By D. Kinnear Crark, M. Inst. CE.
With 4co [llustrations.  8vo, 780 pp., buckram, [Just Published. 2810

* Although described as a new edition, this hook is really & new one, a large part of it, which
covers historical ground, having been re-written and amplificd’; while the parts which relate to all
that bas been done since 882 a?pear in this edition only. Tt is sixteen years since the first edition
'-‘l[#lﬁaﬂid. and twelve years since the supplementary volume to the it book was published,
After a lapse, then, of twelve years, it is obvious that the author has at his disposal a vast
quantity of descriptive and statistical information, with which he may, and has, produced a
volume of great value to all interested in tramway construction and working, The new volume is
one which will rank, among rramway engineers and those interested in tramway working, with his
wotld-famed book on railway machinery,”— The Fuyinesy, March B, 1855,

PRACTICAL SURVEYING.

A Text-Book for Students pﬁ’wing for Examinations or for Survey-wark in
the Colonies. By Greorce W, Usnn, AAM.I.C.E, With 4 Plates and up-
wards of 330 Ilustrations. Fifth Edition, Revised and Enlarged. Including
Tables of Natural Sines, Tangents, Secants, &c, " Crown 8vo, cloth /8 ; or,
on THIN PAPER, bound in limp leather, gilt edges, rounded corners, for

pocketuyse . . . o, . .« .« 12/8

“The best forms of instruments are descrited as to theic construction, uses and modes
of employment, and there are innumerable hints o work and equipment such as the suthor, in
his experience as suryeyor, draughtsinan and teacher, has found necessary, and which the student
in his Inexperience will find mast serviceable.” —FEryrineer.

# The latest treatise in the English language on surveying, and we have no hesitation in say-
ing that the student will find it a better ;,miﬁe than any of its predecessors. Deserves to be
rduc flﬁeﬂ as the first baak which shonld be put in the hands of a pupil of Civil Engineering.”—

tect,

AID TO SURVEY PRACTICE.

For Reference in Surveying, Levelling, and Setting-out ; and in. Route Sur-
veys of Travellers by Land and Sea, With Tables, Illustratigns, and Records,
By Lowis I’A. Jacxson, A M.LC.E. Second Edition, Eniarged. Large
crown Bvo, cloth . . . . . . . ' . . 1 QFG

* Mr. Jackson has produced a valuable zade-neecsern for the surveycr. We can recommend
:;lis boak as containing an admirable supplement to the teaching of the accomplished surveyor,”—
CRENA UM,
** As a text-book we should advise all Suriegnrs to place it in their libraries, and study wall
the matured instructions afforded in its pages,"—Colfiery Guardian.
“*"Fhe author brings to his work a fortunate union of theory and ]inmctical experience which,
alded by a clear and lucld stvle of writing, renders the book & very useful one."—Builder.

-
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ENGINEER'S & MINING SURVEYOR'S FIELD  BOOK.

Consisting of a Series of Tables, with Rales, Explanations of Sgstems, and ,
use of Theodolite for Traverse Surveying and plotting the work With minute
accuracy by means of Straight Kdge and Set Square only ; Levelling with the
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections
int the ordinary manner; Setting-out Curves with the Theodolite by Tangential
Angles and Multiples with Right and Left-hand Readings of the Instrument ;
Setting-out Curves without Theodolite on the System of Tangential Angles by
Sets of Tangents and Offsets ; and Earthwork Tables to 8o feet dee . calcu-
lated for every 6 inches in depth. By W. Davis Haskoul, CEP With
numerotrs Woodeuts,  Fourth Edition, Enlarged. Crown 8vo, cloth. 12/0

* The haok is veey handy ; the separate tabies of sines and tangents to every minute will make
it useful for many other purposes, the gennine traverse tables existing all the same.”—.4 ke,

* Every person engaged in engineering field operations will estimate the importance of such
# work and the iunount of valuable time which will Le saved by reference to a set of reliable tables
prepared with the accuracy and fuluess of these given in this volume."—Raifway News,

'LAND AND MARINE SURVEYING, - = =]

In Reference to the Preparation of Plans for Roads and Rail ays 3 Cangls,
Rivers, Towns' Water Supplies; Docks and Harbours. With escription
and Use of Surveying Instruments. By W. Davrs Haskorn, C.E. Second
Edition, Revised, with Additions. Large crown 8vo, cloth . . B/D
“This bonk must prove of great vidue to the student.  We have no hesitation in recom-
mending i, fecling assured that it will more than repay a careful studly,"— Mechareicad Horid.
" A most uselil hook for the stident. We strongly recommend it as & carefulty-written
and valuable text-loock, 1t cniju_vs i well-deserved repyte among surveyors,"— Bredlder. ]

* This valume cannot fail to prove of the utmost practicsl utility, It iy be safely recom-
mended to all students who aspire to become clean and expert surveyars."—Msningy Fournal,

PRINCIPLES AND PRACTICE OF LEVELLING. °

Showing its Application to Purposes of Railway and Civil Engineering in
the Construction of Roads: with Mr, TerLrorp's Rules for the same, By
Freperick W, Simms, F.G.S,, M. Inst. C.E, FRighth Edition, with the
addition of Law's Practical Examples for Setting-out Railwa Curves, and
TravTwing's Field Practice of Laying-out Circular Curves. ith 7 Plates
and numerous Woodcuts, 8vo, cloth . . . . . . . . B8
*»* TRAUTWINE on CURVES may be had separate . ., - . . ., 8!0

*' The text-hook on levelling In most of our engineering schools and colleges, " —Enpyncsr.
“The publishers have rendered a substantial service to the profession, es to the -
YOunger mem‘%ers, by bringing out the present edition of Mr. Simms's useful waork."—Ewpintering.

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.

For the Formation of Geographical and Topographical Maps and Plans, Mili-
tary Reconnalssance, LEVEELING, fe., with Useful Problems, Formula
and Tables. By Lieut.-General Frome, R.E.  Fourth Edition, Revised and

artly Re-written by Major-Creneral Sir CiiarLes WARKEN, G.C.M.G,, R.E.
E’Jith 1g Plates and 115 Woodcuts, roval 8vo, cloth . . . . 18/0

" No waords of praise from us can strehgthen the powition so well and so steadily maintained
by this wark, Sir Charles Warren has revised the entire work, and made such addifions as "ware
necessary to bring every portion of the contents up to the prosent date. " — Sroad A rrew,

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURVES, .

From g5 to 200 Radius,. By A, Beazerev, M, Inst. C.E. 6th Hdition, .
Revised, With an Appendix on the use of the Tables for Measuring up
Curves. Printed on go Cards, and sold in a cloth box, waistcoat-pocket size.

[ fust Publisked, 8!8

** Each table is printed on a card, which, placed on the theodolite, leaves the hands free
to manipulate the instrument—no small advantage as regards the rapidity of work."—Lrrincer,

*Very handy.: o man may know that all his [Iaﬁ's work must fall on two of these cards, which
he puts loto his owll card-cuse, and leaves the rest twehind," — . ghe i,

HANDY GENERAL EARTH-WORK TABLES.

(iving the Contents in Cubic Vards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 8o feet in Depth or Height, for use with either
66 feet Chain or 100 feet Chain. By I. H. Warsor Buexk. M. Inat C K.

,
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EARTHWORK TABLES. . .

e«  Showgng the Contents in Cubic Yards of Embankments, Cuttings, &c., of |
Heights or Depths up to an average of 8o feet, By JoseErn Broapsent, C.E.,
and Francis Camreen, C.E. Crown Bvo, cloth . . . . 8B/O

# The way in which accuracy is attained, by a simple division of each cross section into three
clements, two in which are constant and ane variable, is ingenious. "4 2hestarnt.

A MANUAL ON EARTHWORK.

~ By hLEx.EI. S. GranaM, C.E. With numercus Diagrams. Second Edition,
.18mao, clot . . v . . . ' . . . . 2i8

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretica! Essay. E{rv]. H. Watson Buck, M. Inst, C.E.,
Resident Engineer, L. and N. W. R. ith Felding Plates, 8vo, cloth 1%/0

' Many of the methods given are of extreme practical value to the mason, and the observa.
tions on the torn: of arch, the rules for orderityz the stone, and the construction of the I:Emplates,
will be found of considerable uvse, We commond the book to the enginecering profegsion,”-—
Buildhing News.

‘Wil be regarded by civil engineers as of the utmaost value, and calculated ta save much -
time and obviate many mistakes."—Codliary Guardian.

CAST & WROUGHT 1RON BRIDGE CONSTRUCTION.

" (A Complete and Practical Treatise on), including Iron Foundations., In
Three Parts.—Theoretical, Practical, and Descriptive. By WirtrLiam HUMBER,
A. M. Inst. C.E., and M. Inst, M.E. Third Edition, revised and much im-
proved, with 115 Double Plates (20 of which now first appear in this edition},
and numerous Additions to the Text. In 2z vols., imp. 4to, half-bound in

moroeco . . . . .. : . ¥£6 18s. 8o.

M A very viluable contribiution 1o the standard literature of civil engineering,  In addition to
alevations, plans, and sections, large scale details are given, which very mwch enhance the
instvuctive worth of those illustrations, "—Cizdd Eayrdneer and A rchitect’s Fouraed,

. vMr, Hummber's stately volumes, lately issued—in which the most important brid
apected doring the last five years, under the direction of the late air. Brumet, S W, Cubatt,
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
enginesr, are drawn and specified in great detall.”~Engineer, :

ESSAY ON OBLIQUE BRIDGES

gractiﬂal and Theoretical), With 13 large Plates. By the late GEoRGE
aTsuN Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. WaTson
Buck, M.I.C.E.; and with the addition of Description to Diagrams for
Facilitating the Construction of Oblique Bridges, by W, H., Barrtow, M.I.C.E.
Royal 8vo, cloth . . C « .« 12/0

. “ The standard text-book for all engineers regarding skew arches is Mr. Buck’s treatise,
and it would be impossible to consult a better.”—Engiseer,
. UMy Ruck's treatise is recognised as a standard text-book, and his treatiment has divested
the subject of many of the Inricacies supposed to belong to it.  As a guide to the engineer and
architect, on a confessedly difficult suliject, Mr. Buck's work is unsurpassed.” " — Swifdisng News,

THE CONSTRUCTION OF OBLIQUE ARCHES

{A Practical Treatise on), By Joun Harrt. Third Edition, with Plates.
Imperial 8vo, cloth . . . . . . . ] . . . BIO

GRAPHIC AND ANALYTIC STATICS.

- In their Practical Applicatioh to the Treatment of Stresses in Roofs, Solid
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iren Arches and
Piers, and other Frameworks. By R. Hunson Granam, C.E. Containing
Diagrams and Plates to Scale. With numerous Examples, many taken from
existing Structures. Specially arranged for Class-work in Colleges and
Universities., Second Edition, Revised and Enlarged. 8vo, cloth , 18{0

) “ Mr. Graham's book will find a place wherever graphic and analytic statics are used or

. studled.” —Fngineer, .

“The work is excellent from a practical point of view, and has evidently been prepared
with much care. The directions for working are simple, and are ijlustrated by an abupdance of
well-selected examples. It is an excellent text-book for the practical dravghtsman. " —A thdnatins,

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.
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- HANDY BOOK FOR THE CALCULATION OF STRAINS

In Girders and Similar Structures and their Strength, Consisting ©f Formulas
and Cnmspﬂndinﬁ’ Diagrams, with numerous details for Practical Applica-
tion, &c. By WiLLiam Humser, A. M, Inst. C.E., &¢. Fifth Edition.
Crown 8vo, with nearly reo Woodcuts and 3 Plates, cloth . - . - 7/8

** The formule are nentl¥ exprassed, and the diaﬁrams good."— thernaum,
* We heartily commend this really Zandy boak to our engineer and architect readers," —
Enplish Mechanic.

TRUSSES OF WOOD AND IRON.

Practical Applications of Science in Determining the Stresses, Breaking
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete
Working Drawings. By WiLLiam GRIFFITHS, Surveyor, Assistant Master,
Tranmere School of Science and Art. Oblong 8vo,cloth . . . 4/8

" This handy little book enters sa minutely into every detall connected with the con.
struction of roof trusses that no student need be ignorant of these matters.” — Praciscsl Lrsgrineer.

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F. W. SurrLns, M.1.C.E.
Bvo, cloth . . . . : . . . : . : . B5/10

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Application in Architecture, the Construction of Suspension
Bridges, Ratlways, &c. By PeTER Barrow, F.R.S5. A new Edition, revised
by his énns, P. W, BarLow, F.R.S8,, and W. H, BarLow, F.R.S.: to which
are added, Experiments by Hoparinson, FairsairN, and KirkaLpy: and
Formule for calculating Girders, &c. Armanged and Edited by Ww. HuMmeer,
A. M.Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and nuinerous
Woodcuts, cloth . . . .« . . 18/0

**Valuable alike to the student, tyro, and the experienced practitioner, it will always rank
in future as it has hitherto done, as the standard treatise on that prrticular subject,"—Engineer.

* As a scientific work of the first class, it deserves a foremost place on the bookshelves of
every civil engineer and practical moechanic,"—Fayefich Meckanic,

STRENGTH OF CAST IRON AND OTHER METALS.

By THomas TrepGoLD, C.E. Fifth Edition, incleding Hobcxrinson’s Experi-
mental Researches. Bvo, cloth S . . . . . 12/0

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Canse and Prevéntion: with a De-
scription of Modern Appliances and Systems. By CLEMENT E, STRETTON,’
C.EE, Vice-President and Consulting Engineer, Amalgamated Samm_:j[ of
Railway Servants, With Illustrations and Coloured Plates. Third Edition
Enlarged. Crown Bvo, cloth . . : ' . . - . 3)‘6
“A book for the engineer, the directors, the managers; and, in short, all who wish for
Infonnation on railway matters will find a perfect encyclopedia in * Safe Railway Working.' "
Rathway Review, ) . _
*'We commend the remarks on railway sigmalling to all railway managers, espacially where
a upiform cade and practice is advacated."--Herepath's Raitwa Forrnal, .
'""The author may be congratulated on having l:q,]le::ted'? n a very convenient form, much
valuable information on the principal questions affecting the safe working of raflways."—Raifmay
Enjrivieer,

EXPANSION OF STRUCTURES BY HEAT,

By Joun Keiry, C.E., late of the Indian Public Works Department. Crown
8vo, cloth . . . . . + .« 88

* The aim the author has set before him, viz,, to show the effects of heat upon metallic and
other structures, s a landable ane, for this is 3 branch of physics upon which the engineer or
architect can find but little reliable and comprehensive data in baooks. " =-Brilder, '

A TREATISE ON FIELD FORTIFICATION.

The Attack of Fortresses, Military Mining, and Reconnoitring. By Professqr
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RECORD OF THE PROGRESS OF MODERN
. GINEERING.
Coniplete in Four Volumes, imperial 4to, half-morocco, price £12 12a.
Each volume sold separately, as follows :— .
FigsT SrriES, Comprising Civil, Mechanical, Marine, Hydraulic, Railway,
Bridge, and other Engineering Works, &c. By Wirtiam HuUMBER,
A. M. Inst. C.E., &c. Imp. sto, with 36 Douoble Plates, drawn to a large scale,
Photographic Portrait of john Hawkshaw, C.E., F.R.8., &c., and copious
descriptive Letterpress, Specifications, &c. Halfmorocco .+ £3 8s.

: 1.t1sT OF THE PLATES AND DIAGRAMS.

VICTORIA STATION AND ROOF, L. B. & 5. C. R. (8 PLATES); S0UTHPORT FIBR
{a PLATES); VICTORIA STATION AND ROOF, L, C. & D. aND G. W. R. {6 PLATES]; ROOF
OF CREMORNE MUSIC HALL; BRIDGE OVER G. N. RalLway; ROOF OF STATION,
DUTCH RHENISH RAIL. {2 PFLATES); BRIDGE OVER THE THAMES, WEST LONDON
EXTENSION RAILWAY (¢ PLATES): ARMOUR PLATES: S5USPENSION BRIDGE, THAMES
4 PLATES}; THRE ALLEN ENCINE; S5USPENSION HRIDGE, AVON (3 PLATES); UNDER-
GROUND RAILWAY {3 PLATESL

HUMBER'S PROGRESS OF MODERN ENGINEERING,

SeconND SeriEs. Imp. 4te, with 3 Double Plates, Photographic Portrait of
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter-
press, Specifications, &c. Half-morecco . : . X . . E3 3.

L.isT oF THE PLATES anp DIIAGRAMS,

BIRKENHEAD TIOCKS, LLOW WATER BASIN {15 PLATES); CHARING CROSS STATION
ROOFR, €. C. RAILWAY i3 PLATES); DIGSWELL VIADUCT, GREAT NORTHERN RAILWAY:
ROBBERY WOOD VIADUCT, GRHEAT NORTHERN RAILWAY; IRON PERMANENT WAY;
CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABHRGAVENNY RAILWAY ; LEBHW
VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; COLLEGE WooD
VIADUCT, CORNWALL RAILWAY; DUBLIN WINTER PALACH R0O0OF (3 PLATES); BRIDGE
OVER THE THAMES, L. C. & I, RAILWAY (6 PLATES); ALBERT HARROUR, GREENOCK

{4 PLATES)}.

HUMBER'S PROGRESS OF MODERN ENGINEERING.

THIRD SEriEs. Imp. 4to, with 4o Double Plates, Photographic Portrait of
. R. M‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress,
pecifications, &c. Half-morocco . . . . . . . 23 3.

LisT oF THE PLATES AND DMAGRAMS.

MAIN DRAINAGE, METROPOLIS.—ANorth Side.—MAP SHOWING INTRRCEPTION OF
SAWERS: MIDDLE LEVEL SEWER (3 PLATES); UUTFALL SEWER, BRIDGE OVER RIVER
LEA {3 PLATES); QUTFALL SEWER, BRIDGE OVER MARSH T.ANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION ; OUTFALL SEWER, BRIDGH OVER
ROW AND BARKING RAILWAY {3 PLATES}; OUTFALL SEWER, BRIDGE OVER EAST LONDON
WATER-WORKS' FEEDER (2 PLATRES) ; OUTFALL SEWER RESERVOIR {2 PLATRS}; OUTFALL.
SHWER, TUMBLING BAY AKD OUTLET; OUTPALL SEWER, PENSTOCKS. South Side.—
OUTEALL SEWER, RERMONDSEY BRANCH (3 PLATHS} ; DUTFALL SEWER, RESERVOIR AND
OUTLET {4 PLATES); OUTFALL SEWER, FILTH HOIST; SEHCTIONS OF SEWERS (NORTH AND
SOUTH SI(DES).

THAMES EMBANEMENT.--SECTION O RIVER WALL; STEAMBOAT PIER, WEST.
MINSTER (2 PLATES): T.ANDING 3TAIRS BRTWEEN CHARING CROSE AND WATERLOOD
BRIDGES : YORK GATE (2 PLATES|; OVERFLOW AND QUTLET AT SAVOY STREET SEWER

PLATEHS); STEAMBOAT PIER, WATERLOC BRIDGE (3 PLATES]; JUNCTION DF SEWERS,
LANS AND SECTIONS; GULLIES, PLANS AND SECTICNS; ROLLING STOCK ; GRANITH

AND IRON FORTS.

HUMBER'S PROGRESS OF MODERN ENGINEERING.

FourTH SErtEs, Imp, 4to, with 36 Donble Plates, Photographic Portrait of
John Fowler, late Pres, Inst. C.E., and copious descriptive Letterpress, Speci-
fications, &c. Half-morocco . . . . . . . . £3 Bs.

LisT oF THE PLATES AND DIAGRAMS.

ABBEEY MILLS PUMPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES):
RARROW DOCKS {8 PLATES); MANGQU!S VIADUCT, SANTIAGO AND VALPARAISO RAILWAY,
2 PLATES) 1 ADAM'S LOCOMOTIVE, ST. HELEN'S CANAL RAILWAY {2 PLATES); CANNON
TREET STATION ROOF, CHARING CROSS RAILWAY {3 PLATES}; ROAD BRIDGER OVER
THE RIVER MOXA (3 PLATES); TELEGRAPHIC APPARATLUS FOR MESOPOTAMIA 3 VIADUCT
OVER THE RIVER WYE, MIDLAND RAILWAY {3 PLATRS}; ST. GERMANS VIADUCT,
CORNWALL RAILWAY {2 PLATRBS|; WROUGHT-IRON CYLINDER FOR DIVING BRLL:
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.
THE POPURAR WORKS. QF MICHAEL REYNOLDS. i

LOCOMOTIVE ENGINE DRIVING. = .

A Practical Manual for Engineers in Charge of Locomotive Engines, By

MicHAEL REVNOLDS, Member of the Society of Engineers, formerly Loco-

motive Inspector, L. B. & S. C. R.  Ninth Edition, Including a Kuv To

THE LocomoTive EnciNe, With Ilustrations and Portrait of Author,

Crown Bvo, cloth . . . . . . ' . . . . 48

“Mr. Hearnc-lcls has supplied a2 want, and has supplied it well. We can confidently recom-

mend the book not only to the practical driver, but to everyone who takes an interpst in the
perfermance of locomotive enginesgd— The Eryrinreer,

“Mr. Reynolds has opened a new chafmr in the literuture of the day, This admirable

practical treatise, of the practical utifity of which we have to speak in terms of warm commendaton,”

— A thenaiern. | L
! Evidently the work of onc who knows his subject thoroughly."—RKaifway Service Gaselis, - .

" Were the cautions and rules given in the bask to become part of the every-da WO )
of our englne-drivers, we might have fewer distressing ;tcciﬁgntg’i to deplore.”—5a i:i . j'f .l'klnﬂ

STATIONARY ENGINE DRIVING. ) i i
A Practical Manual for Engineers in Charge of Stationary En?ﬂ'-” By
Micnarr Revnouns.  Fifth Edition, Enlarged. With Plates and oodcuts,
Crown 8vo, cloth . . . . . . . /8

“The nuthor is thoroughly acdguainted with kis subjects, and his advice on the various palnts
treated is clear and ]‘JI‘HEHC.’IL v o Tle has produced a manual which is an exceedingly usefil
one for the class for whom it is specially intended, "—Fu rEMELYLH LT,

" Our author leaves no stone unturned. He is determined that his readers shall not only
know something abeut the stationary engrine, but ol ahout it "—FEnirinersr,

" An engineman who has mastered the contents of Mr, Reynolds’s book will require but
little actwal experience with boilers and engines before he can be trested o look after them,"—
Enplish Mechanic,

THE MODEL LOCOMOTIVE ENGINEER,

E;eman, and Engine-Boy., Comprising a Historical Notice of the Pionser
emotive Kngines and their Inventors. By MicuArL REvnoLDs, Second.
Edition, with Revised Appendix. With numerous Hlustrations, and Portrait
of George Stephenson. Crown 8vo, cloth, [Just Published. 418

' From the technical knowledge of the auther, it will appeal to the rallway wan of to-day
more forcibly than anything written y L. Smiles. . ., . The volume contains information of a.
technical kind, and facts that every driver should be familiar with."—Enpgéish Mechanic, .y

* We chould be glnd to see this hook in the possession of everyone in the kingdom whe has
<ver laid, or is to lay, hands on a locomotive engine,"—Jfross, ' L

CONTINUOUS RAILWAY BRAKES. S,

A Practical Treatise on the several Systems in Use in the United Kingdom :
their Construction and Performance. ‘With copious Illustrations and numerous
Tables, By MicwarL RevnoLps. Large crown 8vo, cloth , . . 8910

“A populay Exﬁlﬂnﬂtiﬂn of the different brakes. It will be of great assistance in ﬁ}rming
ublic opinien, and will be studied with benefit by those who take an interest in the brake."—Engiich - -

2ehanic,
* Written with sufficient technical detail to enable the principal and relative conneetion of the
various parts of each particular brake to he readily grasped."—Afechanical Horld.

ENGINE-DRIVING LIFE,

Stirring Adventures and Incidents in the Lives of Locomotive Engine-

Drivers, By MicHarL ReEvnvorps. Third Edition. Crown avo, cloth . 1/8

“ From first to last perfectly fascinating,  Wilkie Collins's most thrilling congeptions are

thrown into the shade by truc incidents, endless I their variety, reinted 40 every payge."—Norgh .
Bridsh Matl. . _ ‘ _ ' o
“Anyona who wishes to get a real insignt into railway life cannot do better than read

‘ Engine-Driving Life * for himsclf, and if he once takes it up he will find that the avthor's enthu-

slasm and real love of the engine driving profession will carry him on until he has read every page.”

—elaturday Revie.

THE ENGINEMAN'S POCKET COMPANION, i

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics.

% By Michart. Revnolps. With 45 Illustrations and numerous IH .
TKinj Edition, Revised. Royal 18mo, strongly bound for pocket wear . 3/8

* This admirable work is well suited to accomplish irs abject, being the henest workmanship

. .
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#f a competent engincer."—Glaspow Herald,
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MARINE ENGINEERING, SHIPEUILDING,
. NAVIGATION, &c.

THE 'NAVAL ARCHITECT’S AND SHIPBUILDER'S
POCKET-BOOK of Formulz, Rules, and Tahles, and Marine Engimeer's and
Sunrcﬁ’s Handy Book of Reference. B CLEMENT Mackrow, M.I.N.A.
Sixth Kdition, Revised, 700 pp., with goo Illustrations, Fcap., leather. 12/8

SUMMARY OF CONTENTS:—SIGNS AND SYMBOLS, DECIMAL FRACTIONS,—TRIGONG.
METRY.—FRACTICAL GEOMETRY,—MENSL RATION, —CENTRES AND MOMENTS OF FIGU RES,
—MOMENTS OF INERTIA AND RADII OF GYRATION. —ALGEHERAICAL EXPRESSIONS FOR
SIMPSON'S RULRS, —MECHANI[CAL PRINCIPLES, —CENTRE OF GRAVITY.—L.AWS OF MoTION.
~~IHSPLACEMENT, CENTRE GF BUOYANCY.—-CENTRE OF GRAVITY OF SHIpG HULL,—
STABILITY CURVES AND METACENTRES. —SFA AND SHALLOW-WATER WAVES,—ROLLING
OF SHIPS,.—PROPULSION AND RESISTANCE OF VHSSELS,—SFEED TRIALS. —SAILINC,
CENTRE OF FFORT. —I[}MSTANCES DOWN RIVERS, COAST T.NES,— STEERING AND
RUDDERS OF VESSBRLS, —LAUNCHING CALCULATIONS AND VELOCITIES.—~WEIGHT OF
MATRERIAL AND GFAR.—GUN PARTICULARS AND WEILGHT, — S5TANDARD GAUGES.-.
RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING
AND- SHEARING STRESSES, &c, —STRENGTH OF SHAFTING, PILLARS, WHEELS, &c,
—HYDRAULIC DATA, &c. — CONIC SECTIONS, CATENARIAN CURVES, — MECHANICAT,
POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES,—BOARD
OF T RADE REGULATIONS FOR SHIPS.—LLOVD'S RULES FOR BOILERS,—LLOYD'S WRIGHT
OF CHAINS.—LLOYD'S BCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS —
SHIPS" FITTINGR AND TESTS.—SEASONING PRESERVING TIMBER. —MEASUREMRENT OF
TIMBRER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS-
PORT REGULATIONS, —RULHS FOR HORSE-POWEER, SCREW PROPFELLERS, &c.—PER-
CENTAGES FOR BUTT STRAPS, KC.—PARTICULARS OF YACHTS.—MASTING AND RiGGING
VEBRELS,—DISTANCHES OF FOREIGN PTORTS. —TONNAGE TARLES. —VOCABULARY OF
FRENCH AND ENGLISH TERMS., — ENGLISH WEHIGHTS AND MEASURES, — FOREIGN
WERIGHTS AND MEASURES, _DHECIMAL LOQUIVALENTS,—FOREIGN MONEY.—DISCOUNT
AND WAGES TABLES - UUSHRIIL MNIUIMBERS AND READY RKECRONERS, —TABLES OF
CIRCULAR MBASURES.—TARLES OF ARFEAS OF AND CIRCUMFERENCES OF CIRCLES, —
TAEBLES OF AREAS OF SHGMENTS OF CIRCLES.—TARLES OF SQUARES AND CUBES AND
ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPER-
BOLIC LOGARITHMS.—TABLES OF NATURAL SINES, TANGENTS, &c.—TANLEE Or
LOGARITHMIC SINES, TANGENTS, &c. '

“ In these days of advanced knowledyge a wark Yike this is of the greatest yalue. It contains
& vast amount of informatlen. We unhesitatingly say that it is the mast valuable compilation Tor its
specific Emrpma that has ever been printed, No vaval architect, engineer, surveyor, or seaman,
wood or iron shipbuitder, can afford to he without this work."—Naxtical Magpazine,

“Should be used by all who are engaged in the construction or design of vessels. , . . 'Wiil
be found te eontain the most useful cables and formule required by shipbuilders, carefully collected
fromn the best authorities, and put together in a popular and simple form, The LiooX is one of
exceptional merit."— Krngrinesr, )

- '*The professional shipbuilder has now, in a convenjent and accessible forin, reliable dats for
solving many of the numerous problems that present themselves in the course of his work,"—fron,
-~ "There Is no doubt that a pocket-book of this description must be a necessity in the ship.
hulild;tuf trade. . . , The volume contains a mass of useful information. clearly expressed and
pre ed in a handy formn."—Marine Esgincer. )

WANNAN’S MARINE ENGINEER'S GUIDE

To Board of Trade Examinations for Certificates of Com etency. Containing
all Latest Questions to Date, with Simple, Clear, and Correct Solutions |
Eiementary and Verbal Questions and Answers : complete Set of Drawings
with Statements completed. By A, C. Wanwnan, C.E.,and F. W, I, WAxNAN,
M.I.M.E, Iilustrated with numerocus Kngravings. Crown 8ve, 370 pages,
cloth. [ /st Published, 8|6

WANNAN’S MARINE ENGINEER’S POCKET=-BOOK,

Containing the Latest Board of Trade Rules and Data for Marine Engineers,
By A. C. WannaN.  Second Edition, carefully Revised. S uare 18mo, with
thumb Index, leather. {Just Published, BiO

MARINE ENGINES AND STEAM VESSELS.

‘A Treatise on. By Ronertr Murrav, C.E. Eighth Edition, thoroughly
" Revised, with considerable Additions by the Author and by GEorGr
CarLISLE, C.E., Senior Surveyor to the Board of Trade. 12mo, cloth . 4/8

“*Well adﬁ;{'rtﬂd to give the young steamnship engineer or marine engine and bojler ma&ﬂrn;_‘

genoral Intraduction into his practical work,"—Mechanical Povid.

‘“ We fee] sure that this thnrnuighly revlsed edition will continue to be as lf:npu!ar in the futuys "
L

as it has been In the past, as, for its size, it contains more useful infarmation than any similar

traablom Yo e oF i o daisa
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SEA TERMS, PHRASES, AND WORDS
g‘echnical Dictionary: of) used in the English and French Languages

r —_ ~ruam

English-French, French-English). Feor the Use of Seamen, Engimters, Pilots, ®
hipbuilders, Shipowners, and Ship-brokers, Compiled by W, PIRRIE, late of
the African Steamship Company. Fcap. 8vo, cloth limp. . . BIO

i This velume will ba highly appreciated by seamen, enginaers, pllots, shipbuildses and ahip:
owners. It wiil be found wmtﬁﬂrlt:ul ypm:c:umta Hﬂ complete,"—Scolsrnan.

i A very useful dictionary, which has long been wanted by French and English engineers
masters, officers and cthers.”—Skhippdng Hf"arkf '

ELECTRIC SHIP +IGHTING.

A Handbook on the Practical Fittinf; and Running of Ships’ Electrical Plant,
for the Use of Shipowners and Builders, Marine Electricians and Sea-going
Engineers in Charge. By J. W. UrQUHART, Author of ** Electric Light,
““ Dynamo Construction,” &c.  Crown 8vo, cloth , . v . 7.

MARINE ENGINEER'S POCKET~BOOK.

Consisting of useful Tables and Formule. By Frank Procror, A.1.N.A.
Third Edsticn, Royal 22mo, leather, gilt edges, withstrap . ., . 4{0Q

" We recommmend it to our readers as going far to supply a long-felt want,"—Naoaé Scéenre,
“ A mast uscful companion to all marine engineers." —Lisifed Seridee Gaxelle,

ELEMENTARY ENGINEERING.

A Manual for Young Marine Engineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
ani Management of Marine Engines and Boilers, Geometry, &c., &c. With
an Appendix of Useful Tables. By J. 5. BREwgr. Crown 8vo, cloth 1/8

“ Containg much valuable information for the class for whom it iy intended, especially in the
hapters on the management of hoilers and engines."—Nantical Magazine, .

PRACTICAL NAVIGATION.

Consisting of THE SaiLor's Sga-Book, by Jasmes Gregnwoob and W. H.
Rosser ; together with the exquisite Matgtmarical and Nautical Tables for
the Working of the Problems, hy HExry Law, C.E., and Profeatar J. R.
Young, Iliustrated. 12mo, strongly half-bound . . . . O

MARINE ENGINEER'S DRAWING-BOOK.

Adapted to the Requirements of the Board of Trade Examinations. By Jouwn
Locxie, C.E., With 2z Plates, Drawn to Scale. Royal 8vo, cloth . 8&/8

THE ART AND SCIENCE OF SAILMAKING.

I;f,r SamMuiEl. B. Saprer, Practical Sailmaker, late in the employment of
essrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and
other Illustrations. Small 4to, cloth . . . . . 128

** This extremely practical work gives a complete education in all the branches of the manu-

facture, cutting out, roping, scaming, and goring. [t is copicusly illustrated, and will forn 2 frst-
rave text-haok andd puide.” —Portrmonuth Fimes, '

—

CHAIN CABLES AND CHAINS.

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chbains,
Chain Cable and Chain Making, Forming and Welding Links, Strength of
- Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests,
Charges for Testing, List of Manufacturers of Cables,  &c., &c.. . By -
TwoMas W, Tranr, F.E.R.N., M.Inst.C.E., Engineer-Surveyor.in-Chisf,
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments,
and General Superintendent Lloyd's Committee on Provinﬁl;‘Estabﬁnhmenu;
With numerous Tables, [llustrations, and Lithographic wings. - Folio,
cloth, bevelled hoards. . . . . . . . IR2 Da.

“ It contains a vast amownt of valuable infermation, Nothing seems ta be wanting to make it
camplete and standard work of reference on the subject,”—Nawtical Magarine, '
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COLLIERY WORKING AND MANAGEMENT.

Comprising the Dauties of a Colliery Manager, the Dvﬂrsighi and Arrange-
ment of Labour and Wages, and the different Systems of Working Coal
Seams. By H. F. BurLMan and R. A, S. REDMAYNE., 350 pp., with

2B Plat_es and other Illustrations, including Underground Photographs,

Medium 3vo, cloth. LJust Published, 48B!0

"*This is, indeed, an admirable Handbook for Colliery Managers, in fact it is an indispensable
adfunct to a Colliery Manager's education, as well as being a most useful and interesting work
on the suhject for all who In any way have to do with coal mining, The underground photographs
4Te an attractive feature of the work, being very lifelike and necessarily true representations nf the
scenes they depict."—Coddiery Cuardian,

"' Mr, DBulman and Mr. Redniayne, who are both experienced Colliery Managers of great
literary ability, are to be cangratulated on having supplicd an authoritative work dealio rwith a side
of the subject of coal mining which has kitherto received but scant treatment. he aunthors
tlucidate their text by 15 woodcuts amd a8 plates, most of the latter heing admirable repreductions

of phﬁtUﬁzaphs taken underground with the aid of the nisgnesium Hash-light, These jllusteations
pre excellent."— Nasure, )

INFLAMMABLE GAS AND VAPOUR IN THE AIR

&The Detection and Measurement of ). By Frank Crowes, D.Se., Lond.,
LLC., Prof. of Chemistry in the University College, Nottingham., With a
Chapter on THE DETECTION AND MEASUREMENT OF PETROLEUM VAPFOUR

}.?- OVERTON REbwoon, F.R.§.E., Consulting Adviser to the Corparation
of London under the Petroleum Acts. Crown gvo, cioth.

_ [Just Published. Net, B/O
" " Professor Clowes has given us a volume on a subject of much industyal im rtance .

Those interssted in these matters may be recommendod to study this book, which is easy of cﬂmf:-rﬁ:
henslon and contains many good things,”— 7ke K neer,

* A convenient sunmary of the work en which Professor Clowes has been engaged for some

congiderable time. . . . Ifis hardly necessary Lo say that any work on these subjects with these

namos on the title-page nust be a vuluable one, and ons that norinining engineer—certainly no coal
miner—can afford to ignore or to leave unread, "—Mining Fonurnal,

MACHINERY FOR METALLIFERQUS MINES.

A Practical Treatise for Mining YXngineers, Metallurgists, and Managers of
Mines. By E. HeNgv Davies, M.E.,, F.G.S. Crown 8vo 530 pp., witg
upwards of 300 INustrations, cloth. [ fust Puj)hrshlcf P 2!

* Mr. Davies, In this handsome volume, has done the advanced student and the manager of
mines good service, Almost every kind of machinery in actual use is carefully described, and the
wotdcuts and plates are goad,"— A thenmim, -

* From cover to cover the work exhibits all the same characteristics which excite the confi-
dence and attract the attention of the student as he peruses the first page. The work may safely

be recommended. By it publication the literature conpected with the industry will be enricheil
and the reputation of 115 authoy enhancedl,"— Minfng Fonrnal,

METALLIFEROUS MINERALS AND MINING.

Ely D. C. Davigs, F.G.S., Mining En ineer, &c., Author of '* A Treatise on
a

te and Slate ()Suarrying." Fifth Edition, thoroughly Revised and much
Enlarged by his Son, 'E.” HExry Davies, M.E., F.G.85, With ahout 150
Illustrations. Crown 8vo, cloth . . . . - 12/8

» Nelther the practical miner nor the general reader, interested in mines, can have a hetter
book for his companion and [y guide,"—Mindngr Fournal, '

" We are doing our readers a service in calling their attention to this valuable work,"—
Hmfn‘f orid,

As a history of the present state of miining throughaut the world this book kas a real value
and it supplies an actuel want."—.4 feraiens,

EARTHY AND OTHER MINERALS AND MINING.

. By DD, C, Davigs, F.G.8., Author of ‘ Metalliferous Minerals,” &c. ‘Third

‘Hdition, Revised and Enlarged by his Son, E, HENRY Davigs, M.E., F.G.S.
With about 100 Illustrations. Crown &vo, cloth . . . ' . 12/8

4 -

: 3 matters that containg
the same amount of infarmation packed in equally convenient form " — 4 o Yo



20 CROSRY LOCKWQOOD & SON'S CATALOGUE.

- e e L ¢ et s = Akt T ——— - e —— e T— e — ekl = " T -_—— . e

L
BRIT1SH MINING.

A Treatise on-the History, Discovery, Practical Developmentpand Futured
Prospects of Metalliferous Mines in the United Kingdom. By ROBERT
Hunt, F.R.8., late Keeper of Mining Records, Upwards of %5-::: ., With
210 llustrations. Second Edition, Revised. Super-royal 8vo, cloth. E.ﬂ Qs.

“ The book s a treasure-hause of statistical information on mining subjects, and we know of
na other work embodying B0 great a iass of matter of this kind. ere this the only merit of
Mr. Hlunt's volume it would he sufficient to render it inclispensabte in the library of every one
ir;mn:stﬂd in the development of the mining and metallurgical imdustries of this country,”——
A RerErine, :

" a mass of information not elsewhere available, and of the groatest value fo those who may
he Interested in our grend mineral indunstries,”"—Hugrineer,

-

MINE DRAINAGE.

A Complete and Practical Treatise on Direct-Acting Underground Steam
Pumping Machinery, with-a Des-:rig)tiﬂn of a large number of the best known
Engines, their General Utility and the Special Sphere of their Action, the
Mode of their Application, and their merits compared with other .forms of
Pumping Machinery, By STErHEN MIcHELL. B8vo,cloth . . 18/0

“ Wil he highly esteemed by tulﬁﬂrg owners and lessees, mining engineers, and students
enerally who require to be acquainted witn the best means of securing the drainage of mines,
t ic n most valuabile work, and stands almost alone in the literature of steam pumping machinery.”

—Coiliery Guardian,

 Much valuable information is given, so that the hook is thoroughly worthy of an extensive
circulation amongst practical inen and purchasers of machinery."—Mining Fournal,

THE PROSPECTOR'S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal-Bearing or other
Valuable Minerals. By J. W. Anperson, M.A, (Camb.), F.R.G.5., Author
of ‘ Fiji and New Caledonia,” Seventh Edition, thoroughly Revised and
much Enlarged. ~ Small crown 8vo, cloth, 3/6 ; or, ieather, pocket-book form,
with tuck. [ Fust Published., 4/,

Wil supply a much-felt want, espectally among Colonists, In whose way are so often thrown
many mineralogical specimens the value of winch jt is dithicult to determine,"—Eugineer. - x

# How to find comniercia)l minerals, and how to identify them when they are found, are the
leading points to which attention is directed,  The author has man ad to pack as much practical
detail Into Ms pagea as would supply material for a book three times its giza,"wu Miningy Fournal.

NOTES AND FORMULZ FOR MINING STUDENTS.

By JouN Herman MERivALE, M.A., Late Professor of Mining in the Durham
College of Science, Newcastle-npon-Tyne. Fourth Edition, Revised and
Enlarged, By H.F. RBuLsman, A.M.Inst.C.E. Small crown 8vo, cloth.

[ Just Published. 28

" The authar has done kis work in a creditable nanner, and has produced a baok that will
e of service to, students and those who are practically engaged in mining ﬂpemt_lnns."—-ﬁ‘quumi-._

THE MINER’'S HANDBOOK.

A Handy Book of Reference on the subjects of Mineral Depasits,” Minin
Operations, Ore Dressing, &c.  For the Use of Students and others interest

in Mining Matters. By Jouy Miung, F.R.S., Professor of Mining in the
Imperial %niv&rsit}r of Japan., Revised Edition. Fcap. Bvo, leather . T/8

“ Professat Milne's handbook is sure to be recelved with favour by all connected with
mining, and will be extremely popnlar amony students.”—.4 Srenaiom,

POCKET-BOOK FOR MINERS AND METALLURGISTS.

Cnmkprisn_lg Rules, Formulz, Tables, and Notes for Use in Field and Office
Work. By F. Danvers Power, F.G.S., M.E. Fcap. 8vo, leather . ®/0

“ This excellent book i5 an admirable example of its kind, and ought to find a large sale
amongst English-spesking prospectors and mining engineers."—Engineering,

MINERAL SURVEYOR AND YALUER'S Gumé;

Comprising a Treatise on Improved MininF Surveying and the Valuation of
Al i Proarmerties with Waw Traveares Tahlae Pv Wwr T.ivwtTeern. Faourth
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THE CQLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Working of Collieries,
*  Designed as a Book of Reference for Colliery Managers, and for the Use of Coal
Mimng Students preésaring for First-class Certificates. By Cargn PaMELY,
Mining Engineer and Surveyor ; Member of the North of England Institute of
Mining and Mechanical Engineers ; and Member of the South Wales Institute
of Mining Engineers, With yoo Plans, Diagrams, and other Ilustrations,
Fourth ition, Revised and Enlarged, medium 8ve, over pp.
Strongly bound . R . i . . . X . E)‘Cl’ Bs.

SUMMARY OF CONTENTS:—GEOLOGY.—~SHARCH FOR CoAL.—MINERAL L.RASES
AND OTHER HOLDIRGS.--SHAFT SINKING,—FITTING UP 'THE SHAFT AND SURFACH
ARRANGEMENTS, ~=STEAM BOILERS AND THEIR FITTINGS. — 1T IMBERING AND WALLING,—
NARROW WORK AND METHODS OF WORKING. — UNDERCROUND CORNVEYAKCE, —
DRAINAGE.—THR GASES MPT WITH IN MINES: VENTILATION.—ON TIHE FRICTION OF
AIR IN MINES.—THRE PRIESTMAN O, ENGINH; PETROLEUM AND NATURAL GAS.—
SURVEYING AND PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCHES, —COLLIERY EXPLOSIONS, —MISCHT.
LANRBOQUS QUESTIONS AND ANSWERS,—dppendix: SUMMARY OF REPORT OF H.M.
COMMISSIONERS ON ACCIDENTS IN MINES., .

‘* Mr, Pamely has not onl qlmn us a comprehensive reference book of a very high order,
syitable to the requiremyents of m engineers and colliery managers, but has also provided
stitents .a class-book that Is as mteresting ac It iy instru::tive.”-{?ﬂﬁifﬁy Aanager.

“ Mr. Famely's work is eminently suited to the purpose for which it is intended, being clear,
Interesting, exhaustive, rich In detail, and up to date, giving descriptions af the latest machines in
every departinent, A mining engineer could scarcely go wrong whao followed this work,"—Codltery
rardian,

' “ This is the most complete ‘all-round’ work on coal-thining published in the Foglish
language. . . . Na Hbrary of coal-mining bLooks is complete without it."—Coifiery Engineer
{(Scranton, Pa., U 5.A,),

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 Analyses of
-Spucial Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or
Seams ; Analyses of each Variety: and a History of the Rise and Progress of
Pig Iron Manufacture. By Ricitarp MEADE. Bvo, cloth . £1 83,

*0Of this hook we may unreservedly say that it is the best of its clags which we have aver
met, . . . A bwook of reference which no one engaged in the iron or coal trades should omit from
his library."—fron and Coa! Trades Keview,

COAL AND COAL MINING.

gy the late Sir WariNGTON W, SmvrH, M,A:, F.R.5., &c., Chief Inspector
f the Mines of the Crown, Seventh Edition, Revised and Enlarged. With
numerous Ilustrations, 12mo, cloth . . ., . ., . . 8/8

_ ' As an outline is given of every known coal-field in this and other counteies, as well as of the
principal methods of working, the book will doulitless interest a very large number of readers,”—
Mininy Fournal,

- ASBESTOS AND ASBESTIC.

Their Properties, Occurrence, and Use, By Roserv H. Jones, F.8.A.,
Mineralogist, Hon. Mem. Ashestos Cluh, Black Lake, Canada. With Ten
Callotype Plates and other Ilustrations. Demy 8vo, cloth. [[Just Published. 18/0

% An interesting and invaluable work,"—Colfiery Guardian,

-S_-UBTERRANEOUS SURVEYING

. %Elementary and Practical Treatise on), with and without the Magnetic Needle.
- By Txosas FeEnwick, Surveyor of Mines, and Tuomas BAkEr, C.E. Illus-
‘ trated. 12mo, cioth , . . ‘ . . . ' . ‘ . 2/6

GRANITES AND OUR GRANITE INDUSTRIES.

By Geokce F. Haxris, F,G,S,, Membre de la Société Belge de Génln%-ii:,'-
Lecturer on Economic Geology at the Birkbeck Institution, &c. With 1lus.
trations. CrownBve. cleth -~ 000 0 200 ) ) ) R ¥
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THE METALLURQY OF GOLD. S

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores,
Including the Processes of Concentration, Chlorination, and Extraction by
anide, and the Assaying, Meltinf, and Refining of Gold. By M. EIssLER,
ining i‘.‘.ngineer and Metallurgical Chemist, formerly Assistant Assager of the
UL.S. Mint, San Francisco. Fourth Edition, Enlarged. With about 250 JHus-
trations and rumerous Folding Plates and Wﬂrking Drawings, Large crown

8vo, cloth, (Just Published. 16/Q

** This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gold
milling, from the breaking of the quartz to the assay of the bullien, is described in clear and nrtﬁr]r
narrative and with much, but not tan much, fulness of detail."—Saturday Revizw,

** The work 15 a storehouse of infortnation and valuable data, and we strongly recommend it
to all professional men engaged in the gold-mining industry.”"—Mining Fousnal,

THE CYANIDE PROCESS OF GOLD EXTRACTION. |

Includin%its Practical Application on the Witwatersrand Gold Fields in South
Africa. By M. Eissier, M.E., Author of “ The Metallurgy of Gold,” &c.
With Diagrams and Working Drawings. Secondt Edition, Revised and En-

larged. 8vo, cloth. [Just Published. T8

*This book is just what was needed to acgbaint mining nien with the actual working of a

pracess which is not only the most papular, but is, as a general rule, the most successful for the
extraction of gold from tailings. " —Méns- I?auﬂmf. !
|

"' The work will prove invaluable to afl interested in gold mining, whether metallurglsts or an
\nvestors. "—Chemical New.. '

THE METALLURQGY OF SILVER.

A Practical Treatise qn the Amalgamation, Roasting, and Lixiviation of Silver
Ores.  Including the As:-m;,*i%ﬁ, Melting, and Refining of Silver Bullion, By
*The

M. Ei1ssLer, Author of Metal ﬁrgy of Gold,” &ec. 'Third Edition,
Crown 8vo, cloth . : . . . . . ] \ . 10/6

“* A practical treatise, and a technical work which we are convinced wip sullz:gly a long-felt

want amongst practical men, and at the same time be of value to students and others indirectly
comected with the induostries." —Minigr Forrnal, ' '

"' From first to last the book is thoroughly sonnd and reliable.”"—Colffery Guaraian.
' For chemists, practical miners, assayers, and investars alike we do not know of any wark
on the subject so handy and yet so comprehensive,"—Glasgow Herald,

THE METALLURGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Including Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Europe and America.
By M. E1ssLEr, M.E., Author of ‘ The Metallurgy of Gold,” &c. Crown Bvo

400 pp., with 183 lilustrations, cloth . . [ ., . ., . 12

“ The numerous metallurgical processes, which are fully and extensively treated utij:mhrac-
all the stages expericnced in the passage of the lead from the various natural states to its isaue from
the refinery as an article of commerce."—Practical Enpinesy,

** The present volume fully maintains the reputation of the author. Those who wish to abtain
a thorough fosight into the present state of this industry cannot de better than read thix volume, and
alt mining engineers cannot fail to find many useful hints and soggestions in it."— fredfrestryes.

METALLURGY OF IRON,

By H. BaverMman, F.G.S,, AR.S. M. Sixth
12mo, cloth . : . . .

Edition, Revised and Enlarged.
Y 11 e

L
THE IRON ORES of GREAT BRITAIN and IRELAND.

Their Made of Occurrence, Age and Crigin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain, B
J. D KEnpaLy, F,G.5,, Mining Engineer, Crown 8vo, cloth . . 168/

'* The authior has a thorough practical knowledge of his subject, and has supplomented a

oy _p.. T R M | o
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ENGINEERING, &c.

SUBMARINE TELEGRAPHS.

Their History, Construction, and Working. Founded in part on Wiinsg HEN-

DarrPFE’'s ' Traité de Télégraphie Sous—Marine,” and Compiled from Authoerita-
tive and Exclusive Sources. By CHArLES BrIGHT, F.&S.E. Super-royal
8vo, abont 780 pp., fully Iluatrated, including Maps and Folding Plates.

N ust Published. J\Faf. 23 3=,

" There are few, if any, persens more fittec] to write a treatise on subimarine telegraphy thau

Mr. Charles Bright. The author has done his work admirably, and has written in a way wﬂich will

appeal ag much to the layman as to the engrineer.  This admirable volume must, for nany years to
come, hold the position of the English classic on submarine telegraphy, " — Eryrince .

H This book is full of information, It makes a book of reference which should e Iy every
engineer's Hbrary."—MNature, _

** Mr. Bright's interestingly written and admiribly iliustrated book will meet with a welcomy
reception {rom cable men,"—Afectrician, i . )

' The author deals with his subject from all points of view—palitical and strategical as well as
sclentific. The work will be of iinterest, not only to men of science, but to the general public,. We
‘oA mﬂ%{ty recommand it."—.1 theneion,

"The work contalns a great store of technical information concerning the making and wotk-
ng of submarine telegraphs. In hrlug'ing tagether the most vajuable results relating to the evolu-
tion of the telegraph, the author has rendered a service that will be very widely appreciated, s
Morning Port,

THE ELECTRICAL ENGINEER'S POCKET-BOOK.

Consisting of Modern Rules, Formula, Tables, and Data, By H. R. KEmrg,
M.Inst. E. K., AM.Inst,C.E., Technical Officer Postal Telegraphs, Author of
“* A Handbook of Electrical Testing,” ‘“The Engineer's Year-Book,” &c.
Second Edition, thoroughly Revised, with Additions. With numerous Iilus-
trations, Rﬂyai 3zmo, oblong, leather . . . . . .. . 8/0O

H It ig the best book of its kind, " Blectrical Enpineer.
* The Electrical Engineor's Pocket-Book is a good one."—Likectrician,
# Strongly recommended to those engaged in the electrical induostries,"—Elec/vical Review,

ELECTRIC LIGHT FITTING.

A Bandbook for Working Electrical Engineets, embodying Practical Notes on
Installation Management, By J. W. UrqurearT, Electrician, Author of
“ Electric Light,” &¢, With numerous Illustrations. Third Edition,
Revised, with Additions. Crown 8vo, cloth. | Just Published. B/O

" This volume deals with what may be termed the mechanhics of electric lighting, and is
addressed to men who are alread ang:zFed In the work, or gre training for it, The wark traversea™
i. E:“" dﬂsz' fpmmd' and may ge read as a sequel to the same author's useful work on ! Electric

Mo . '

" Eminently practical and vseful, . . . Qught to be in the hands of avery one fn charge of an

electric light ptant."—Electrical Engineer. ~

ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps.
By J. W. UrqurarT, C.E, Sixth Edition, Revised, with Additions and 145
Ilustrations. Crown 8vo, cloth, [Just Published. F/@
* The whole ground of electric lightlng is more or less covered and explained g a very clear
and concise mannee."—FKlecivical Review,
“ A vade-mernmt of the salient facts connected with the science of electric lighting,"—
Elecirician, }
“You cannot for your purpose have a better book than * Electre Light' by Urgquhert,”—
Hugirieer,

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of En%incer-ﬂnnstmctnrs and Electricians-
in-Charge. Embracing Framework Building, Field Magnet and Armature
Winding and Grouping, Compounding, &c. With Examples of leading
English, American, and Continental Dlynamos and Motors. B lJ W.
TTroUHART, Author of ‘' Electric Light,” &c. Second Edition, Enlarged.

With 114 Tlustrations. Crown 8vo, cloth . e e %fﬁ

“ My, Urquhart's book Is the first one which deals with these matters in such a way that the
snpineering student can understand them. The hook is very readable, and the authot leads his

readers up te difficult subjects by reasonably simple tests." = Enrimeering Keview,
M A hoanl for whirh o damand hiae bong avicte] e e s an i d Tapedd
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THE MANAOQEMENT OF DYNAMOS. -

A Handy Book of Theu? and Practice for the Use of Mechanics, Engineers,
Students, and others in Charge of Dynamos. By G. W, Lummis PATERSON,

With numeroys Illustrations, Crown 8vo,cloth . . . , .. B/@

* AR E‘.’ﬁlmﬁlﬂ which deserves tabe taken as 1 model by otherauthors. The subject is treated

in 2 manner which any intelligent man who is fit to be entrusted with charge of an engine should

be sble to understand. It ks a useful book to all who make, tend, or employ electric machnery,”
—. A rekdtect,

THE STANDARD ELECTRICAL DICTIONARY,

A Popular Encyclopadia of Words and Terms Used in the Practice of Electrical
Enﬁineering. By T. O'Conor Sioang, A.M., PL.I), Second Edition,
with Appendix to date. Crown Bvo, 680 pp., 390 fllustratiuns, cloth,

- [ /ust Published, Ti8

. * The work has many atiractive features in it, and is, heznnd doubt, a well i tmﬁcrmd
useful publication. The amount of ground cavered may be gathered from the fl;tt%t'ﬂlt g

about 5,600 references will be found.”—Flectrivat Revien.

ELECTRIC SHIP-~LIGHTING.

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant.
For the Use of Shipowners and Builders, Marine Electricians, and Se oing
Engineers-in-Charge. By J. W, Urqunart, C.E. With 88 IHustrations
Crown 8vo, cloth : . . . . . . . . - '7,"6
** The gnbject of ship electric lighting is one of vast lmportance, and Mr, Urgihart is ta be

- highly complimented for placing such a vaﬁl:ﬂ:le work at the service of marine electricians, "— ke
Sleariship,

e

. ELECTRIC LIGHT FOR COUNTRY HOUSES.

A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working., By ]. H. KyiGHT,
Second Edition, Revised. Crown 8vo, wrapper. [ fust Published. 110

*The bock contains exceilent advice and wany practical hints for the help of those who wish
to light their own houses,"—Building News,

ELEMENTARY PRINCIPLES OF ELECTRIC LIGHTING.

By ALaN A, CAMPBELL SWINTON, Associate ILE.E. Third Edition, Enlarged
and Revised, With 16 Illustrations. Crown 8vo, cloth . . ' ‘ m‘ﬁﬂ

** Any one who desires a short and thoroughly clear exposition of the elementary principles of
* electric lighting canmot do better than gead this little work."—&radford Obserper,

DYNAMIC ELECTRICITY AND MAGNETISM.

By Punar Artkinson, AM., Ph.D., Author of “Elements of Static
Electricity,” &c.  Crown 8vo, 417 pp., with 120 IHustrations, cloth .. 10/8

THE ELECTRIC TRANSFORMATION OF POWER.

With its Application by the Electric Motor, including- Electric Railway
Construction, By P. Arxinson, AM., Ph.D, With ¢6 Ilustrations,
Crown Bvo, cloth . . . . , . . . - . . 78

HOW TO MAKE. A DYNAMO.

Ratn A Practical Treatise for Amateurs. Containing numerous Illustrations and
Detailed Instructions for Constructing a Small Dynamo to Produce the
Electric Light. By Avkrep CrorTs.  Fifth Edition, Revised and Enlarged..
Crown 8vo, cloth. [ Just Published. 10

-

" The instructions given in this un?retcntinus little hook are uuﬂiclﬂnﬂ{ﬁctear and icit to
enable any amateur mechanic possessed of average skill and the usua) toals to be found in an
anateur's workshop to build a practical dynamea wmnchine. " lectrscian,

THE STUDENT'S TEXT-BOOK OF ELECTRICITY.

e ol e — R p— . .
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ARCHITECTURE, BUILDING, &c.

PRACTICAL BUILDING CONSTRUCTION.

A Handbook for Students Preparin for Examinations, and a Book of
Reference for Persons Engaged in Building, By Joun PaRNELL ALLEN,
Surveyor, Lecturer on Building Construction at the Durham College of
Science, Newcastle.on-Tyne, Second Edition, Revised and Enlarged.
Medium 8vo, 450 pp., with 1,000 IHustrations, cloth,  [Just Published. “§@

“ The nmast complata exposition of byllding construction we have seen. It contalns all that ig
Wg-tu prepara stadents for the various examinations In building construction, " —Building
fa 1A

¥ The author depends nearly as much on his diagrams as on his type. The pages suggest
the hand of a man of experience in building operations—and the volume must be a blessing to
many teachers as well as to students,"— The A rehidect.

" The work is sure to E)rﬂve A formidable rival te great and small competitors alike, and
bids fair to take a permanent place as a favourite student's text-look. The large number of us-
tratlons deserve particular mentlon for the great merit they Rnssess for purposes of reference in
exectly corresponding to convenient scales.”— Yournal of the Roval Institute of Britisk Architects,

PRACTICAL MASONRY.

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Qut, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden-
tives, Yaults, Tracery Windows, &c., &c. For the Use of Students, Masons,
and other Workmen, By Wirriam R. Purchasi, Building Inspector to the
Borough of Hove, Second Fdition, with Glossary of Terms, Roya §vo, 142 pp.,
“i'ltlll] 52 Lithographic Plates, comprising nearly joo separate Dmgramsd

RE 'ﬂt + r ] * ] u u L L4 - L ] L]

“ Mr, Purchase's *Practical Ma&nnaxﬁr‘ will undoubtedly be found useful to all interested in
this important subject, whether theoretically or practically. Most of the examples glven are from
actual work carried out, the dirgrams being carefully drawn. The book is a practical treatise on
the subject, the author himse)f having commenced as an operative mason, and afterwards acted as

oreman mason ofl many Jarge and important buildings prior to the attainment of his present-
on, It sheuld be found of general utllity to architectural students and others, as well as to

ba to whom W 18 apeclally addressed.”— Fournal of the Royal Mmatitute of British Arckitects,
.+ ""The author has evidently devoted much time and conscientious labour in the production of
his book, which will he found very serviceable to students, masons, and other workmen, while its

vilte is much enhanced by the capital iflustrations, consisting of filty lithographic plates, cotn-
prising about oo dagrams."—iusivated Carpentes aind Builder,

‘CONCRETE : ITS NATURE AND USES.

A Book for Architects, Builders, Contractors, and Clerks of Works. By
George L. SutcLirre, A.R.LLB.A. 350 pp,, with numerouns INlustrations,
Crown 8vo, clath. e e . : , ) . . . T8

L
*The author treats a difficult subject in a lucld manmer, The mannal fills a long-felt ﬁﬂp.
It is careful and exhaustlve ; equally useful as a student’s guide and an architect's book of
reference.”— Yournal Ffm: Koval Institute of British A rekitects.

** There s room for this new book, which will probably be for some time the standard work
on the subject for p bulider's purpose."—Glasgow Hevald,

THE MECHANICS OF ARCHITECTURE.

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects.
By E. W, Tarn, M.A., Author of ** The Science of Building,” &c. Second
Edition, Enlarged, Ilustrated with 12 5 Diagrams. Crown 8vo, cloth  7/68

. *Tha baok Is a very useful and helpful manual of architectural mechanics, and really cantains
sufficlent ro enable a careful and painstaking student to s5p the principles beating upon the -
mqinﬂigve of buildlng problems, . . . Mr, Tam has added, by this volume, to the debt of
gratitude which is ow ng to him by architectural students for the many valuable works which ke has
produced for their use."— The Rusidesr. L

““ The mechanics in the volume are really mechanics, and are harmoniously wrought In with
the distinctive ngfﬂssinnal matter proper to the subject. The diagrams and type are commendably
clear. " The Schoolmasicr. : '

'LOCKWOOD'S BUILDER’S PRICE BOOK for 1898.

A Comprebensive Handbook of the Latest Prices and Data for Builders
Architects, Engineers, and  Contractors. Re-constructed, Re-written, an
Greatly Enlarged. By Francis T, W, MiLLER., 800 closely-printed S,
crown 8vo, cloth . . ., , . . : e : EID
** This book ia a vary usefisl one, and should find a place n every English office connectsd

with the bullding and soritg professions,” —Zedwstries.
" An excellent book of reference. ' —. drckhitect.
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THE LONDON BUILDING ACT, 1894.

With the By-Laws and Regulations of the London Count ﬂ' Cnunc:
Introduction, Nntes, Cases, and Index. By ALex. ‘I Davip, B.A,, LL
the Inner Tf:mple, Barrister-at-Law. men Bvo, cloth . ‘ . e aj‘ﬁ

**'To all architects and district surveyors and builders Mr, David's manual will be welcome.”
—Budiding News.,

“The volume will doubtless be eagerly consulted by the building fraternity,”" —Fiustrated
Cargenter and Huilder.

THE DECORATIVE PART OF CIVIL ARCHITECTURE.

By Sir WiLLiam Cuampers, F.R.5. With Portrait, [Hustrations, Notes, and
an ExAMINATION OF GREGIAN ARCHITECTURE, h},r JoserH GWILT, F.S.A.
Revised and Edited by W. H. LEEDs, 66 Plates, 4to, cloth . 21/0

A HANDY BOOK OF VILLA ARCHITECTURE.

Being a Series of Designs for Villa Residences in varigus Sty‘.lﬂs_ Wlth
Qutline Specifications and Estimates. By C. Wickes, Architect, ‘A

“* The Spires and Towers of England,” &t: 61 Platcs, 41:0, half-murucco, g:lt
edges . . . .. . £1 1.

I* The whole of the ﬂcalgna heat ew:’l-::nce ﬂf theu‘ heing the w-:-rk of an artistic architect, and
they will prove very valualidle and suggestive."—RBudfdiny News,

THE ARCHITECT'S GUIDE.

Being a Text-book of Usefu! Information for Architects, Enginecers, Surveyors,
Contractors, Clerks of Works, &c., &c, By Frepzrick RocgeErs, Architect,
Third Kdition. Crown 8vo, cloth . . . . . . . 3/a8

1 As a text-book of useful information for architects, engineers, sutveyars, &c,, it m::-uld be
hard to find a handier or more complete little volume. " —Sfandard.

ARCHITECTURAL PERSPECTIVE.

The whole Course and Operations of the Draughtsman in Drawing & ]Arsc
House in linear Perspective. Illustrated by 43 Folding Plates, B‘f
FErGUSON. . Second Edition, Enlarged. 8vo, boards . . . 3/8

‘“Tt is the most intelligible of the treatises on this ill-treated subject that I have met wilh."-
1L, INGRESS BELL, ES0., inthe X. LB .A. Fournal,

PRACTICAL RULES ON DRAWING. ~

For the Operative Builder and Young Stndent in Architecture, B}F GEORGE
- PynNE, 14 Plates, gto,boards . . . . . ., . . . 78

MEASURING AND VALUING ARTIFICER’S WORK

(The Student’s Guide to the Practice of). Containing D1rect1uns for takmﬁ
Dimensions, Abstracting the same, and bringing the Quantities into Bill, wit

Tahles of Constants fur%aluanun of Labour, and for the Calculation of Areas
and Solidities. Originally edited by K. Dogsson, Architect. With Additions
by E. W. Tarn, M.A. ~ Sixth Edition. With 8 Plates and 63 Woodcuts,
Crown Bvo, cloth . . . . . . . T8

“"This edltion wil be found the most cmnp!ete treatise on the pﬁnciplﬁ of measuring and
valuing artificer’s work that has yet been putdlished."—Budiding News,

TECHNICAL GUIDE, MEASURER, AND E.STIMATOR-

For Builders and Surveyors, Containing Technical Directions for Measuring

Work in all the Bullding Trades, Complete Specifications for Hn Roads,

and Drains, and an Easy Method of Estimating thwﬂﬂs ulldmg
aistcoat- puck

collectively. By A, C EATON, Elghth Edition.

et size
gilt edges . , . C : ;‘d

Y ‘**Na buikler, architect, Eurve:fnr ot vaIuer shuuld be mthnut his *Beaton." "= Enﬂdﬁw
T,

CONSTRUCTIONAL IRON AND STEEL WORK.

As Applied to Public, Private, and Domestic Buildings. A Practical Treatise
for Architects, Students, and Builders. By F. CAHPIH Crown Bvo, cloth.
[ Just Published. B/8

“ Any one who wants a book on ironwork, as employed in huildings for stanchions, columns
and baams will find the present volume to be suitable. The author has had lang and wvari
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SPECJIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surveyor, and Builder, With an Essay
on the Structure and Science of Modemn ui!'dings. TIpon the Basis of the
Work by ALFRED BarRTHOLOMEW, thoroughly Revised, Corrected, and greatly
added to by FREDERICK RoOGERS, Architect. Third Edition, Revised. 8vo,

cloth v . .« - 18/0

“"“The work is too well known to need any recommendation from us. It is one of the books
with which every young architect must be equipped.”—.of rehsiect.

THE SCIENCE OF BUILDING.

An Elementary Treatise on the Principles of Construction. By E. WyrDHAM
Tarn, M.A., Architect. Fourth E£tim, with 59 Engravings. Fcap. 8vo,

cloth . . . . : . . 36

'“ A very valuable book, which we strongly recommend to all students,"—Bui/der.,

THE HOUSE-OWNER’S ESTIMATOR.

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un-
imfeﬂiunal People as well as the Architectural Surveyor and Builder. By

. D, Stmon, Edited by F, T. W. MiLER, A.R.LLB.A, Fourth Edition.
rown Bvo, cloth . . . . . . . . . . /8

"In two years it wlll repay its cost a hundred times over,"—Fiedd,

A BOOK ON BUILDING.

~ Civil and Ecclesiastical, including Church Restoration ; with the Theory of

Domes and the Great Pyramid, &c. By Sir Epmunp BECKETT, Bart., LL.D.,
F.R.A.5. Becond Edit. Fcap. 8vo, cr::th . i e X . . &/8

" A BLook which is always amusing and nearly always Instructive,"— The Tires.

SANITARY ARRANGEMENT OF DWELLING-HOUSES.
| A Handbook for Householders and Owners of Houses, By A, J. WarLis-
TAvLER, A M.Inst.C.E. With IHustrations. Crown 8vo, cloth . 92i8

“ This book will be largely read; it will be of considerable service to the public, It Is well
arranged, easily read, and for the mast part devoid of technical terms,"—Zarece?,

YENTILATION.
A Text-book to the Practice of the Art of Ventilating Buildings. By W, P,
BucHAN, R.P. 12mg, cloth . , e e e e e . 38
- MLontains a great amount of useful practica) informnation as thoroughly interesting as it is
techulcally reflable."—Britych A rehitect. :
PLUMBING.
A Text-book to the Practice of the Art or Craft of the Plumber, By W. P,
BucHawn, R.P. Seventh Edition, Enlarged. Crown 8vo,cloth . . 8/8

' A text-book which may be safely put in the hands of every young plumber,”—Bwilder,

PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic. Givin g Rules for the Delineation
and Application of varicus Geometrical Lines, Figures, and Curves, I
E. W. Tarn, M.A,, Architect, Bvo, cloth . . C e . . B

*! No book with the same objects in view has ever been published in which the clearness of
‘the rules Jaid down and the illustrative diagrams have been so satlsfactory,” —Sootsman,

THE GEOMETRY OF COMPASSES.

Or, Problems Resolved Tgr the mere Description of Circles and the Use of

Coloured Diagrams and Symbols. By Oriver Byane. Coloured Plates,
Crown 8vo, cloth e e e e e . A 11 -
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CARPENTRY, TIMBER, &. °

*

THE ELEMENTARY PRINCIPLES OF CARPENTRY.

A Tréatise on the Pressure and Equilibrium of Timber Framing, the Resistance
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting
Iton and Stone with Timber, &c. To which is added an Essay on the Nature
and Properties of Timber, &c,, with I}escrigtions of the kinds of Wood used
in Building: also numerous Tables of the Scantlings of Timher for different
E':'.lr ses, the Specific Gravities of Materials, &c. By THoMas TrReEDGOLD, C. K.
ith an Appendix of Specimens of Various Roofs of Iron and Stone, Illus-
trated, Seventh Edition, thoroughly Revised and considerably Enlarged by
B, Wynpram Tarn, M.A., Author of “The Science of Building," &c.
With 6¢ Plates, Portrait of the Author, and several Woodcuts, In One lary
Yol., 4to, cloth e e | |
“Ought to be in every architect’s and every builder's library. " —Ruflder, -
“ A work whese monumental excellence must commend &t wherever skitful carpentry is

concernedd. The author's principles are rather confirmed than impaired by time. The additionsl
plates are of great intrinsic vatue,”—HAuilding News.

L ] * L ] 4 ]

WOODWORKING MACHINERY. |

Its Rise, Progress, and Construction. With Hints on the Management of Saw
Mills and the Economical Conversion of Timber., Illusuated with Examples
of Recent Designs by leading English, French, and American Engineers. B
M. Powis Bawe, AM.Inst.C.E., M.I.M.E, Second Edition, Ri::‘l.risecfv
with large Additions, large crown 8vo, 440 pp., cloth . . - ﬁ,-"d'
1 My, Bale is evidently an expert on the subject, and he has collected so much infarmation
that his book is all-sufficient for builders and others engaged in the conversion of timber."— Arckiieni.
4 The maost comprehensive compendium of weod-working machinery we have seen. The
author is a thorough master of his sublect."—building News,

SAW MILLS.

Their Arrangement and Management, and the Economical Conversion of
Timber. By M. Powis BaLg, A.M.Inst.C.E, Second Edition, Revided.
Crown Bvo, cloth. [Just Published. 10/6

% The admsntstration of a large sawlng establishinert is discussed, and the subject examined
from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like
ate gone inte in detail, and the course of the timber js traced from its reception to its delivery in ks
converted state.  We cpuld not desice 2 more complete or practical treatise,"~—Busider.’

THE CARPENTER'S NEW GUIDE.

Or, Book of Lines for Carpenters ] comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on the late. PETER
NicKoLsoNn's standard work. A New Edition, Revised by ARTHUR ASHPITEL,
F.8,A. Together with Practical Rules on Drawing, by GEORGE PvNE,
‘With 74 Plates, 4to, cloth . . . . . e« - 21 1w

A PRACTICAL TREATISE ON HANDRAILING,

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By GEORGE
CoLLiNGS. Second Hdition, Revised and Enlarged, to which i3 added
A TREATISE ON STaiR-aUILDING, With Plates a.nc% Diagrams . . 38

** Will be found of practical utility in the execution of this difficult branch of joinery, " ~Buiider,
* Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by
the aid of plates and explanatery tetterpresy."—Furniture Gazette, .

CIRCULAR WORK IN CARPENTRY AND JOINERY.

A Practical Treatise on Circular Work of Single and Doulle Curvature, Bz
M om s mwm B r v 7wy AEF Tl T o e ey :.-l"'lnl"l wrl;r:ﬂ“ L Esfl anlm] ﬂlﬂ"l‘l ﬂl :
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HANDRAILING COMPLETE IN EIGHT LESSONS.

h the Square-Cut System. By J, 8. GoLpraore, Head of Building
Department, Halifax Technical School. .With Eight Plates and over 150 -

Practical Exercises. 4to, cloth . . . : . . . . . 36
* Likely to be of considerable value to joiners and others who take a pride in good work,
Thea ment of the book 5 excellent. € heartily commend it to teachers and students,”—

Timber Trades Fournal,

TIMBER MERCHANT'S and BUILDER'S COMPANION,

Coptaining New and Copious Tables of the Reduced Weight and Megsure-
.ment of Deals and Battens, of ail sizes, from One to a Thousand Pieces, and
the relative Price that each size bears per Lineal Foot to any given Price per
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timggr
_ to any given Price per Load of 5o Feet, &c., &c. By WirLniam Dowsing,

Fourth Edition, Revised and Corrected. Crown 8vo, cloth : . 310
" We are glad to see a fourth edition of these admirable tables, which for correctness and
slmplicity of arrangement leave nothing to be desired.”— Timber Trades Fourual,

THE PRACTICAL TIMBER MERCHANT.

A Guide for the Use of Building Contractors, Surveyors, Builders, &e.,
comprising useful Tables for ali purposes connected with the Timber Trade,
Marks of Wood, Essay on the Strength of Timber, Remarks en the Growth of
Timber, &c. By W. Ricraroson. Second Edition. Fcap. 8vo,cloth . &/8

. **This handy manuzl contains much valuable information for the use of tindwr werchants,
bullders, foresters, and all others connected with the growth, ssle, and manufacture of timber.”—
Fewrnal of Forestry,

' PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six
inches square and upwards. By W. Ricnarpson, Timber Broker. Third
Edition. Oblong 4to, cloth ., . , v . L 38

" Invaluable lahour-saving tables. " —fronmonger,

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from 1 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., Fourth Edition. Fcap, cloth. 3/6

" A useful collection of tables to facllitate rapid calcvlation of surfaces. The exact area of
any surface of which the limits have been ascertained enn be instantly determined. The book will
be found of the greatest utility to all engaged in building operations, "— Scotrman,

PRACTICAL FORESTRY.

[ts Bearing on the Improvement of Estates. By CHARLES E.-CuaTis, FiS.1.,
F.5.8. BSecond Edition, Revised, Crown 8vo, cloth. [ fust Published. 8/

THE ELEMENTS OF FORESTRY.

Designed 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, TIMBER MERCHANT'S,
AND BUILDER’S STANDARD GUIDE,. -

Efr RicHarp E. Granpv, Comprising :—An Analysis of Deal Standards,

.. -Home and Foreign, with Comparative Values and ’Iyahular Arrangements for

fixing Net Landed Cost on Baltic and North American Deals, including atl
intermadiate KExpenses, Freight, Insurance, &c. ; together with copious Informm-

tion fr the Retaiier and Builder. Third Edition. ramo, cloth . . 90
HEREyarvthing F nretands to Be+ Budde un oreadually it lande At feoam 4 Farack Fa o b e ol
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DECORATIVE ARTS, &c.

-

SCHOOL OF PAINTING FOR THE IMITATION OF
WOO0ODS AND MARBLES.

As Taught and Practised by A. R. VAN perR Burg and P. VAN DER Bugg,
Directors of the Rotterdam Painting Institution. Royal folio, 183 by 12} in.,
Ilustrated with z4 full-size Culuuref Plates ; also 12 plain. Plates, comprising

154 Figures. Second and Cheaper Edition . . - £1%1s. 8p.
LISTOF PLATRES :—¢, VARIOUS TOOLS REQUIRED FOR WOOD PAINTING. ~2, 3. WALNUT;
PRELIMINARY STAGES OF GRAINING AND EFINISHRED SPRCIMEN.—y, TOOLS UUSED ROR
MARBLE PAINTING AND METHOD OF MANIPULATION.—=z, 6 ST, REMI MARRBLE:
EARLIER OPERATIONS AND FINISHED SPECIMEN, —- g, 'THETHGL‘-S OF SKETCHING

DIFFERENT GRAING, KNOTS, &c.—8 9. ASH: PRELIMINARY STAGHES AND FINISHAD
SPECIMEN,—10, METHODS OF SKETCHING MARBLE GRAINS.—r1, r2. BRECHE MARBLE;

PRELIMINARY STAGRS OF WORKING AND IYINISIIED SPECIMEN.—13 MAPLE: METHODS
OF PRODUCING THE DIFFERENT GRAINS.--14, 15. BIRD'S-EYE APLE; PRELIMINARY
STAGES AND FINISHED SPFECIMAN.—16, METHODS OF SKETCHING THE IMFFERENT _
SPECIES OF WHITE MARBLE.—17, 18, WHITE MARBLE ;: PRELIMINARY STACES Oop

PROCESS AND FINISHED SPECIMEN.—19, MAHOGANY; SPECIMENS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION. —a20, 21, MAHOGANY ; EARLIER STAGES AND
FINISHED SPECIMEN.—23, 21, 44. SIENNA MARBLE: VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN, —25, 26, 27 L_UH:PER Woop; METHODS OF PRO-
NUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SPECIMEN, —a8, 2g, YERT
DE MER MAREBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, ﬁxﬁmsum

AND FINISHED SPRCIMENS, —31, 32, DAK | VARIETIES OF GRAIN, TOOLS EMPLOVED
AND MBTHODUS OF MANIPULATION, PRELIMINARY STAGES AND PINISHED SFRCIMEN, .

3%, 3. WAULSORT MARHLE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED
PECIMENS, -

" Those who desire to attain skill in the art of painting ';rmds and marbles will find advantage
in consulting this hbeok. . . . Soune of the Working Men's Clubs should give thelr young men
the opportunity to study &."-—Bxdider,

" A compreheniive guide to the art. The explanations of the procesges, the manipulation -
and maragement of the colours, and the beautifully executed plates will not be the least valuable to
the student whe aims at making his work a faithful transcript of nature. —Suilding News,

‘! Students and novices are fortunate wha are abie to hecome the possessors of <o noble a
work,"— Fhe Arckitect,

ELEMENTARY DECORATION,

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL
HOUSE DECORATION. Hi AMES W. Facev. With numerons Ilus-
trations. [t One Vol., strongly half-bound . : . . . . B0

HOUSE PAINTING, GRAINING, MARBLING, AND
SHIN WRITING. o

A Practical Manual of B Erits A, Davipson. Seventh Edition. With
Coloured Plates and Wood Iingravings, rzmo, clath boards . BIO

' "* A mass of information of use ta the amateur and of value to the practical wean, "—Frpglivh
Mechanic, -

THE DECORATOR’S ASSISTANT.

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers,
Gilders, &c. Containing upwards of 6oo Receipts, Rules, and Instructions :
with a variet%nf Information for General Work connected with every Class of
Interior and Exterior Decorations, &e¢, Sixth Edition. 1 52 pp,cr.8vo . 1/0

“ Full of receipts of value to decorators, painters, gilders, &c. The book contains the glst of
larger treatises on colour and technical processes. It would be difficult to meet with a work 56 full
of varied information on the painter's art."—Ruslding News,

MARBLE DECORATION °

And the Terminology of British and Foreign Marbles. A Handbook for
Students, ]‘a}v GeorGe H. BLacrove, Author of ** Shoring and its Applica-
tion,” &ec. ith 28 Hlustrations. Crown8vo,cloth . . .., . 8/8

" ‘This most useful and much wanted handbook should be in the hands of evary architect and
builder."—Busiding Worid. _ _ .
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DELAMOTTE'S WORKS ON ALPHABETS AND
. ILLUMINATION.

ORNAMENTAL ALPHABETS, ANCIENT & MEDIAEVAL.

~ Prom the Eighth Century, with Numerals; including Gothic, Church-Text,
" large and small, - German, Italian, Arabesque, Imtials for Ilumination,
Monograms, Crosses, &c,, &c., for the use of Architectural and Engineering
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers
, &c., &ec. Collected and Engraved by F, DELAMOTTE, an
printed  in  Colours, New and Cheaper Edition. Royal 8vo, oblon .
ospamental boards . I * 11

s For thoso wht insert enamelled sentences round gilded chalices, whe blazon shop legends
over shop-doars, who letter church walls with pithy sentences frem the Decalogne, this book willh bhe
useful,"—Aihesniinm,

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesgue ;
with several Original Designs, and an Analysis of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
.Suryeyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers,
&e.* Collected and Engraved by F. Deramorre, and printed in Colours,
New and Cheaper Editicn. Royal 8ve, oblong, ornamental boards '8

 There is comprised in it every posstble shape inta which the letters of the alphabet and
nomerals can be formed, and the talent which bas been expended in the conception of the various
plain and omamental letters is wonderful,"—Standard,

MEDIEVYAL ALPHABETS AND INITIALS FOR
ILLUMINATORS.

By F. G. Deramorte. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis Brooxks. Fourth
and Cheaper Edition. Small 4to0, ornamental boards . . . . 410

" & volume In which the letters of the alpbabet come forth glorified in gilding and all the
colouys of the prism interwoven and intertwined and intermingled.”—Swk:,

A PRIMER OF THE ART OF ILLUMINATION.

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical

Directions for its Exercise, and Examples taken from lluminated MBS,
rinted in Gold and Colours, By F. DEnamorTe, New and Chea
dition. Small 4to, ornamental boards . . ' . . %

1 The examples of ancient M58, recommended to the student, which, with much good sense,
the author chooses fromn collections accessible ta all, nre selected with judgment and knowledge as
well s taste. “—Athenaum, '

THE EMBROIDERER'S BOOK OF DESIGN.

Containing Initials, Fmblems, Cyphers, Monograms, Ornamental Borders,
Egclesiastical Devices, Medizval and Modern Alphahets, and National
Emblems, Collected by F. DELAMOTTE, and printed in Colours, Oblon
royal 8vo, ornamental wrapper . . . . . . , . . ¥

“The book will be of great assistance to ladies and young children who are endowed with
the art of plying the needle in this most ornamental and useful protty work."—East Angfian Times,

- ———— o —=—

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS.

With Hints on Design. By A Laby. With 10 Plates. New and Cheaper
Edition. Crown 8vo, in emblematic wrapper . . . . . . 210

. ¥ The handicraft of the wood-catrver, so well as a hook can jmpart it, may be leamt from ' A
Lady's " publication, "—o thernarm, '

"PAINTING POPULARLY EXPLAINED.

By Tromas Jouw Guonick, Painter, and Joun Times, F.8.A. Including

.. - Fresco, Oil, Mosaic, Water-Colour, Water-Giass, Tempera, Encaustic,

.1 - Ministure, f’amtmg on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth

o Edition, - Crown 8vo, cloth . . . . . . . . B0
BRCAE i ** Adopted as a Prize Book at South Kensington,

O Much msy be laamed, even by those who fancy the;ri do not reguire to be taught, from the

Pl wnmaevial A 2 An v bt Al v 1 AT s a i Feantioa T A aed (Yo iarapart
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NATURAL SCIENCE, &c.
THE VISIBLE UNIVERSE. - .

Chapters on the Origin and Construction of the Heavens, By J. E. Gosg,
F.R.A.8,, Author of " Star Groups,” &c. Illustrated by 6 Stellar Photographs
and 1z Plates,” Demy 8vo, cloth . . ; . S é’ﬂ

* A waluable and lucid sumymary of recent astronomical theory, rendered more valuable and
attractive by a series of stellar photographs and other illustrations."— The Times. _

*! In presenting a clear and concise account of the presont state af ouy knowledge Mr Gore
has made a valunble addition to the literature of the subject."— Naticre, o i

'"“Mr. Gore's * Visible Universe’ is one of the finest works on astronomical science that have
recently appeared in our langeage,  In spirit and in methed it is scientific from cover ta cover, but
she style is so clear and attrictive that it will be as acceptable and as readable to those wha make
no scientilic pretensions as to those who devote themseives specially to matters astronomical,”—
Leeds Mercury.

STAR GROUPS.

A Student's Guide to the Constellations. By J. ELuarp Gorz, F.R.A.S.,
M.R.LA., &c, Author of *The Visible Universe,” “The Scenary of the
Heavens,” &c. With 30 Maps. Small 4to, cloth e e w0 BIO
_ ** The volumne contains thirty maps showing starg of the siath mapnitude—the usual naked
limit— and each is accompanicd by a Drief commentary adapted to facilitate recognition and bring
to notice objects of special interest. For the purpose of a preliminary survey of the * midnight
pomp ' of the heavens :]ﬂthinf; cauld be better than a set af delineations averaging scgreely twenty
square inches in area and ncluding nothing that cannct at once be identified."—Sadwrday Review.

AN ASTRONOMICAL GLOSSARY. | o

Or, Dictionary of Terms used in Astronomy, With Tables of Data and Lists
of Remarkable and Interesting Celestial Objects. By J. ELLARp Gorg
F.R.A.5,, Author of *“ The Visible Universe,”" &c. Small crown 8ve, cloth,

2/8

A very useful little work for beginners in astronomy, and not to be desplsed by more
advanced students,"— e Nines,
' " A very handy book . , . the utility of which is much increased by it valuable tables of

- 4

astronomica] data, "—_ 3 A2 1.,

THE MICROSCOPE.

Its Construction and Management. Including Technique, Photo-micrography,
and the Past and Future of the Microscope. By Dr., I-fEHRI vaN HRURCK.
Re-Edited and Augmented from the Fourth French Edition, and Translated
by Wynne E, Baxter, F.G.8, 400 pp., with upwards of 2go Wq:._ilcsujta

- imp. 8vo, cloth .

* A translation of a well-knoewn work, at once pnPuiar and comprehensive,”— T,
" The translation is as felicitous as it is accurate, " — Vafure, .

PHOTO-MICROGRAPHY.
By Dr. H. van Hevwrck, Extracted from the above Work, Rovyal 8vo, with
Ilfuslratiﬂns, sewed . , . . : . . . ' . . 1O
ASTRONOMY.

‘liy the late Rev. RonegrT Main, M.A., F.R.S. Third Edition, Reviged by

ILLIAM TrVNNE Lynn, B.A., F.R.A.S,, formerly of the Royal Observatory,

Greenwich. 12mo, cloth . ' . . . . . . .

“ A sound and simple treatise, very carefully edited, and a capital book for beginners."—
Kncwiedpe. ' ' : - )

“ Accurately brought down to the requlrements of the pretent fime by My, Lyna,“—
Edgwcationai Times, Lt

A MANUAL OF THE MOLLUSCA.,

A Treatise on Recent and Fossil Shells, By S. P, Woobwarp,. A L.S,,
F.G.S. With an Appendix on ReceENT AND Fossit CoNCHOLOGICA
Discoveries, by Racrnw Tate, AL.S., F.G.S. With a3 Platesairs
upwards of 300 Woodcuts. Reprint of Fourth Edition {x88c). Crown Svo

cloth , . ] ) . . . . . . . . . T,fd
** A most valuable starehouse of conchological and geological information, " Sofernce Gﬂ.f_-r#.' |
THE TWIN RECORDS OF CREATION. R

Or, Gﬁﬂluq‘? and Genesis, their Perfect Harmony and Wonderful ‘Concord.
By G.W. V. LEVaux, 8vo,cloth, . . . . . - | 5/0

A wrnlierbhile mremsed o ibd i 2o 28 o oo R, L m oW oW oW . om ey oo gl e g
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HANDBGOK OF MECHANICS.
By ®r. LArRDNER. Enlarged and re-written 'I;-jr BEHNMIH Loewy, F.R.A.S,

378 Illustrations. Post Bvo, cloth . ' ‘ . . 8/0
* The perspicuity of the original has been retained, and a::ha ters whiclt bad become ohsoleta
have been replaced others of mare modern character. e expianations througheut are

stucHously tﬂa pular, and care has been taken to show the agplu:ntinn of the varions branches of
physics to industrial arts, and to the practical business of life. "~ Minfug Fonurnal,

HANDBOOK OF HYDROSTATICS AND PNEUMATICS.

By Dr, LARDNER., New Edition, Revised and Enlarged by BENnjamin LoEwy,
F R.A.8, With 236 Illustrations, Post 8vo, cloth . . . . ﬂ,-*o

“For those 'who desire (o attain an accurate knowledge of physical sclence wmthnut the
profound methods of mathematical Investigation,’ this work is well adapted."—Chentical News

"HANDBOOK OF HEAT.

By Dr. LARDNER. Edited and re-written b}r HthAMlN Loewy, F.R.A.L,, &
117 [llustrations. Post 8vo, cloth . . , . . . 8B/0

*The stﬂe is always clear and precise, and conveys instruction without leaving any cloudiness
or lurking doubts behind., " —Engvncering.

HANDBOOK OF OPTICS.

“y Dr. LArDNER, New Edition. Edited by T. QLvErR HARDING, B.A, Lond.
ith 298 THustrations, Small 8vo, 448 pp,cloth . . . . . &/O

" Written by one of the ablest Tngllsh scientthic writers, beautiflly and elaborately iNusteated,”
—Mechanics' Magazine,

ELECTRICITY, MAGNETISM, AND ACOUSTICS,

By Dr. LaroneEr.  Edited I:?r GEO. CAREY I‘U‘?-II:.R, B.A., F.C.5. With
400 [lustrations. Small 8vo, cloth . : . B/0

* The book could not have Twen entrusted m any me better o llli.'-lllq'll'f cl to presetve the ferse
atl lucid style of Lardner, while correcting his errors and bringing up his work to the present
state of acientlfic knuwledg‘e —Poptilar Sciestce Revinw,

HANDBOOK OF ASTRONOMY.

By Dy, Larpryer. Fourth Edition. Rewvised and Edited by Epwin DUNKIN,
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of
100 Woodcuts. 8vo, cloth . : . . ' . 88

“ Probably no otber book containsg the same amount -:]f mf-:]rmatlnn in so0 compendious and
well arranged a form—certainly none at the price at which this is cffered to the public." —d thenarn:.

*“ We can do no other chin anuunce this work a most valuable manuai of astronomy, and
we sirongly recommend it to all who wish te acquire a general—but at the same time correci--
acqualntance with this sublime science."—Qwarterly Fonurnal of Science.

MUSEUM OF SCIENCE AND ART.

Hdited Dr. LarpNER. With upwards of 1,200 Engravings on Wood. In
Six Deuble Volumes, £1 1s, in a new and elegant cloth hinding ; or hand-
somely bound in haif-morocco : e .+ Bt 11s. 8o.

*“*A cheap and interesting publication, alike mﬁ::nmn andl attractive. “1'he papers combine
suhl_‘lam:ts of importance and great sclentific knowledge, considerable inductive powcers, and a popular
style of treatment."~Spectator.

Separate bocoks formed from the above.,
Common Things Explained. ss. Steam andl its Uses. zs. cloth,

The Microscope. 2zs. cloth. Popular Astronomy. 4s. 6d. cloth.
Popular Qeology. 2s. 6d. cloth. The Bee and White Ants. 2s. cloth.
Popular Physics. 25 64. cloth. The Electric Telegraph. 1s. 6.
NATURAL PHILOSOPHY FOR SCHOOLS.
By Dr. LARDNER. Feap. 8vo ., - 71 -

. " A yery convenient class book for iunior atu-:lents in {H‘W’ltl! schools,"—Eritizh Puarteri
Review.

ANIMAL PHYSIOLOGY FOR SCHOOLS.

By Dr. LArRDNER, Feap.8vo ., .+« 3/8
" Clearly written, well arranged, and excellently illmtmteﬂ '—Ganfm.fr.r CAronicle.
THE ELECTRIC TELEGRAPH. .

By . LARDNER. Revised by E. B. Bricut, F.R.A.S. Fcap. 8vo. 2 /'8
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CHEMICAL MANUFACTURES, : « : )
'CHEMISTRY, & = - *

THE GAS ENGINEER'S POCKET-BOOK,

Comprising Tables, Notes and Memoranda relating to the Manufacture,
Distribution and Use of Coal Gas and the Construction of Gas Works.
H. O'ConnNor, A.M.Inst.C.E., 450 pp., crown 8vo, fully Hiustrated, leather,

[fwat Published. 10/8
LIGHTING BY ACETYLENE

(enerators, Burners, and Electric Furnaces. By WiLLiam E. Gigps, M.LE,
With 66 Illustrations, Crown 8vo, clotk, [ Jusst Publizked. T8

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanit Dﬁ‘mﬁﬁ, and others
interested in Water Sup }Iy By 8. Ripear, D.S¢. Lond.,, F.LC. With
numerous Illustrations andp ables. Crown 8vo, cloth. {Just Published. 7/8

*Dr, Rideal's book is both interesting and accurate, and contains a most useful résrumed of
the latest knowledge upon the subject of which it treats. It ought to be of grear service wa all who
are connected with the supply of water for domestic or 1.11:u11.|tll'£u‘.:tul'lr.lﬁr purpeses,"— e Engyneer.

" Dealing as clearly as it does with the varnous ramificatlons of such an important soubject as
water and its purification it may be warmly recommended, l.ocal authorities and rll enga in
sanitary afairs, and cthers interested in water supply, will read its pages with profir,"—

ENGINEERING CHEMISTRY.

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron
Masters, Iron Founders, Students and others. Comprising Methods of Analysis
and Valuation of the Principal Materials used in Enpineering Work, with
Analyses, ixamples and Suggestions. By H. J. PHILLIPS, %‘.I.C-, F.C.S.
Second Edition, Knlarged. Crown Bvo, 400 pp., with Illustrations, cloth 10/8

“"In this work the author has rendered no small service to a numerous body of practical
men. . . . The analytical metheds may be pronounced most satisfactory, being as accurate as tha
despatch required of engineering cheimists permits."—C Aersfcal News, o

" Full of good things, As a&imndhun af technical analysis, it is very welcome.'' — A

- *The analytical methods glven are, as a whole, such as are likely to give rapid and trust-
worthy results in experienced hands, . . . There is much excellent descriptive matter in tha work,
the chapter en *Oils and Lubrication * being specially noticeable in this respect."—Engineer, '

NITRO-EXPLOSIVES.

A Practical Treatise concerning the Properties, Manufacture;, and Analysis
of Nitrated Subatances, including the Fulminates, Smokeless Powders, and
Celluloid. By P. (5. SanrForp, F.1.C., Consulting Chemist to the Cotton Powdet
Company, &c. With Illustrations. Crown 8vo, cloth, [Just Published, 9/0

" Any one having the requisite apparatus and materials could make nlero-glycerine oy gun-
cotton, to say nothing of other explosives, by the aid of the instructions In this volwine, ql!hii:il
one of the very few text-books in which can be found just what is wanted.~ My, Bapford goes
through the whole list of explosives coinmonly used, names any piven explosive, and vells us of what
It is compesed and how it is manrufactured. The book is excellent throughout." —Engincer.

A HANDBOOK ON*MODERN EXPLOSIVES. *

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton,
Nitro-Glycerine and other Kxplosive Compounds, including Collodian-Cotton,
With Chapters on Explosives: in Practical Application. By M. EissLER,
Mining Engineer and Metallurgical Chemist. Second FEdition, Enlarged.
With 150 Itlustrations, Crown 8vo, cloth. [Just Published. 142/

"* Useful not only to the miner, but alss to officers of both services to whom blasting and the '.
usa of explosives generally may at any time become a necessary auxiliary,”"— Natury.

DANGEROUS GOODS. .

Their Sources and Properties, Modes of Storage and Transport. With Notes
and Comments on Accidents arising therefrom, together with the Government
and Railway Classifications, Acts of Parliament, c. A Guide for the Use of
Government and Railway Officials, Steamship Owners, Insurance Companies

%?i Manufacturers, and Users of Explosives and Dangerous Goods. '-Bx
Trermrris Poumrrrroe BRI B¢ i I
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: L
A MANUAL OF THER ALKALF TRADE,
Infuding the Manufactute of Sulphuric Acid, Sulphate of Soda, and Bleachin
Fowdet. By Joux Lomas; Alkali Manufacturer, Newcastle-upon-Tyne an
London. ago pp, of Text: With 232 Illustrations and Working Drawings,
Stcond Edition, with Additions. Super-royal 8vo, cloth . . &1 10s.
** This book is written by a manufactitret for-manufackurers. The working detalls of the most
approved fofing of apparatus ars given, and these are accompanied by po less than 7232 wood
ravings, all of which may be used for the purposes of constfuction. Evefy step in the manu:
nte'ls vﬂ%ﬂ:ﬂh desctibed-in this manua), and esch bnpfovement explained, " —. 4 theseitm.
*We find not merely a sound and luminous explanztion of the chemical prineiples -f the
teads, but & notice of numerous matters which have a most important bearing on the sucﬁansﬁ;l

conduct of alkali works, bat which are generally sverlooked everl experlenced techaologic
authors,"—Chemical Keviens, Y K be g

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND
GEOLOQY.

Containing all known Methods of Anhydrous Analysis, man Working
Examples, and Instructions for Making Apparatus. By Lieut. =ﬂu¥unel W. A,

Ross, R.A.,. F.G.8. With 120 Illustrations. Second Edition, Enlarged.
Crows 8vo, cloth . . . . . . . . . ' . Efﬁ
UThe gtndent who consclentiously through the course of experimentation here jaid down

will gaiu & better {nslght into inorganic chemlstry and mineralogy than if he had ‘got up’ any of the

?Fm toxt-books of the day, and passed any number of examinartions in their contents." -~ kemica!
ENAR,

-

COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS,

Or, Practical Instructions for the Determination of the Intrinsic or Commercial
Value of Substances used in Manufactures, in Trades, and in the Arts. By
A. NormaNpy. New Edition by H. M. Noap, Ph.D., F.R.S5. Crown 8vg,
cloth . ] . . . . . . 12/8

" We strongly recommuend this book to our readers as a guide, alike indispensable to the
heutewife as to the pharmaceutical practitioner,""—Medsoa! Tirvies,

THE MANUAL OF COLOURS AND DYE-WARES.

Their Properties, Applications, Valuations, Im£11rities and Sophistications,
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. SLATER.
Second Edition, Revised and greatly Enlarged.. Crown 8vo, cloth . 118

** A complete encyclopediz of the maferia finctoria. The information given respecting each
article Is full and precise, and the metheds of determining the value of articles such as these, so

Jia? to sophistication, are given with clearness, and are practical as well as valualle. '~ Chemise
1

+

: ‘, ee Is no other work which covers preciselythe same ground. Teo students preparing
for-ex rgtiotis in dyeing and printing it will prove exceedingly useful "=-Casmical Newi.

A HANDY BOOK FOR BREWERS.

Being a Pmctical Guide to the Art of Brewing and Malting. Kmbracing the-
Conclusions of Modern Research which bear upon the Practice of Brewing..
By HeErBERT EDWARDS WRIGHT, M.A, Second Edition, En!alri?l. Crown,,
8vo, 530 pp., cloth. . [Just Published, 12/8..

** May ke consplted with advantage by the student who is preparing himself for examinationalk

tests, while the sclentific brewer will find in it a refvumed of all the Inost important discoveries of

modern Hmes, The work is written throughout in a clear and concise manner, and the author-
takes mrlt care to discriminate between vague thearies and well-established facts,"—Frecers'
Fewrnal

*'Weo have groat pleasure in recommending this handy book, and have no hesltation i saying
that It is one of the best—il not the best-——which has yet been written on the subject of beer-brewing -
iél this country; it shouid have a place on the shelves of every brewer's libraty,"—Brewers

Nardfa. :

‘* Altliotrgh the requirements of the student are primarily considered, an acquaintance of half. -
an-hour's duratlon cannot fail to impress the practical brewer with the sense of having found x.
trustworthy guide and practical counsellor in brewery matters."—Chemnical! Frade Fonrnal, :

FUELS: SOLID, LIQUID, ANP GASEOUS.
Their Analysis and Valuation. For the Use of Chemists and Fngineers. By
HE] Puirures, F.C.5., formerly Analytical and Consulting Chemist to the
" G.E, Rlwy, Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0?

** OQught to have its place I the laboratory of every metallurgical establishment and wherever
fuet is used on a laree scale. " Ranticva ! Nott '

L
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THE ARTISTS’ MANUAL OF PIGMENTS.

*

Showing their Cuuﬁpomtinn, Conditions of Permanency, Non-Permangncy, and
Adulterations ; Effects in Combination with Each Other and with Vehicles :
and the most Reliahte Tests of Purity. By H. C. STanpace. Third Edition,
crown 8vo, cloth . . . . . . . . . . . 28

- " This wrork is indeed snltiemiinparve, and we can, with good conscience, recommend it to
21l who come in contact with pigments, whether as makers, dealers, or users,"—Chenrical Reidew.

A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers,
Spirit Merchants, &c. By J. B, Mawr, Inland Revenue. Second Edition
Revised. 18mo, leather , = . A Y

*! This handy and useful Leok is adapted to the requirements of the Inland Revenue Depart-

ment, and will be a favourite book of reference. The range of subjects is comprehensive, and the
arrangement simple and clear. " CyedHan,

“ Should Le in the hands of every practical brewer,"—Brewers’ Yournal,

- . 3
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INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES,

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A, i] WaALLIS:
TavLER, A. M. Inst, C. E. Author of * Refrigerating Machine?",' &c. With
upwards of 300 Illustrations. Crown 8vo, cloth, [Just Pubhshed. 10/8

*The large trade that is done in the component parts of bicycles has placed in tha way of
meis mechanicaﬁy inclined extraordinary facilities for building bicycles for their own use, ., . The
book will prove a valuable guide for all those who aspire to the nianufacture or repair of their own
nmachines."—The Field,

** A most comprehensive and up-to-date treatise. " The Cyele.

““ A very useful book, which is guite entitled to rank asa standard work for students of cycle
coustruction."—H-keeling, : .

TEA PLANTING AND MANUFACTURE

(A Text Book of). Comprising Cha on the History and Development of
the Industry, the Cultivation of the %lanl:, the fotrﬁn of the Leaf for the .
Market, the Botany and Chemistry of Tea, &c. ith some Account of the
Laws affecting Labour in Tea Gardens in Assam and elsewhere, By Davip
CROLE, late of the Jokai Tea Company, &c. With Plates and other Illustra-
tions. Medium 8vo, cloth, [ Just Published, 18/0

* The auther writes as an expert, and gives the result of bis personal experiences. The work
can hardly fail to be of practical interest to tea growers and tea manufacturers.”—8Brifisk Trade
Yourial,

COTTON MANUFACTURE.

* »

| 3
A Manual of Practical Instruction of the Processes of Opeming, Carding,
Combing, Drawing, Dnuhlin% and Spinning of Cotton, the Methods of
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers,
By Jouwn LisTER, Technical Instructor, Pendleton, 8vo,cloth . . T/@
v This invaluable volume is a distinct advance in the literature of cotten manufacture. -

Machy :
* wfﬁs thoroughly reliable, fulfilling nearly all the reguirements desived."=Glasgorw Herald,

FLOUR MANUFACTURE.

A Treatise on Milling Science and Practice, By Fmieprice Kick, Imperial
Regierungsrath, Professor of Mechanical Technology in the Imﬁerml German
Polytechmic Institute, Prague. Translated from the Second Hmlarged and
Revised Edition with Supplement. By H. H. P. PowLgs, Assoc. Memb.
Institution of Civil Engineers. Nearly 400 pp. INustrated with 28 Folding
Plates, and 167 Woodcuts. Royal 8vo, cloth ., . . . . &1 8s,

+ This valuable work is, and will reneain, the standard autharity on the science of naililg. -.*.-

T!ya miller who has read and digrested this work will have laid the foundation, so to speak, of a
successful career; he wili have acquired a number of general principles which he can proceed (o

tv. Jicthis handsome volume we'at last have the accepted text-book of modern milling in gocd,
Eﬂ?nﬂ Wneolich which has little ST any. trace of the Germaan idiom.— Fike Milfer., -
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»
CEMENTS, PASTES, GLUES, AND QUMS.

A®ractical Guide to the Manufacture snd Application of the various Aggluti-
nants required in the Building, Metal-Working, Wood-Working, and Leather-
Working Trades, and for Worksho Laboratery or Office Use. With upwards
of goo Recipes and Formulaz, By H. C. STANDAGR, Chemist. Third Edition.
Crown 8vo, cloth. [ Just Publisked. Q!0

'"Wa have ]i-leasurﬂ ln speaking faveurably of this volume, So far as we have had
experlence, which ls nat Inconsiderable, this manual is trustworthy,"— A 2kenarm,

.- ""AF @ revelation of what are considered trade secrets, this book will arouse an amount of
curlosity among the large number of industries it touches."—Pasly Chrosicie,

THE ART OF SOAP-MAKING.

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet
Soaps, &ec. Including many New Processes, and a Chapter on the Recovery of
Glycerine from Waste Leys. By Avux. WarT. Fifth Edition, Revised, with
an Appendix on Modern Candlemaking. Crown 3vo, cloth . . . 7/8

““The work will prove very useful, not merely to the technological student, but to the
practical soap boiler who wishes to understand the themﬁ of his art," —Chesical News.
' A thoroughly practical treatise on an art which has almost no literature in our langu
I"’i'-"u con t;l}i:rt& the author on the success of his endeavour to fill a void in English technical
t —INAITPE, ' )

PRACTICAL PAPER-MAKING. |

A Manual for Paper-Makers and Owners and Managers of Paper-Mills, With
Tables, Calculations, 8c, BE’ G. CraprrErTON, Paper-Maker, With Illus-
trations of Fibres from Micro-Photographs, Crown 8vo, cloth . . B5/O

* The author caters for the requirements of responsible mill hands, apprenticés, &c., whilst
his manual will be found ni_'ﬁ'mat service to students of technology, as well as to veteran paper.
nkmkﬂ; and mil! owners, e illustrations form an excellent feature,”"— TAe {Forid’s Paper Trade

VLR,

' We recommend everybody interested in the trade to get a copy of this thoroughly practical

baok," " —Pager Making, -

THE ART OF PAPER-MAKING.

A Practical Handbook of the Manufacture of Paper from Rags, Esparta,
Straw, and other Fibrous Materials. Including the Manufacture of Palp from
Woaod Fibre, with a Description of the Machinery and A pliances used, To
which are added Details of Processes for Recovering Soda E'nm Waste Liquors,
By ALEXANDER WATT, Author of “ The Art of Scap-Making.” With Lilus.
trations, Crown EVD, cloth . . . . . : . . 71"8

"It may Le rded as the standard work on the subject. The book is full of valuahle
Information. The 'Art of Papar-Mﬂkjng:‘ & in every respect a model of a text-hook, sither for a
tochnical class, or for the private student,"—Paper and Printing Trades Fournal,

A TREATISE ON PAPER

For Printers and Statianers, With an Outline of Paper Manufacture ; Complete
Tabiles of Sizes, and Specimens of Different Kinds of Paper. By Ricaagrn
Parkinsow, late of the Manchester Technical School. Demy 8vo, cloth,

[ fust Published. B/

THE ART OF LEATHER MANUFACTURE.

Being a Practical Handbook, in which the Operations of Tanning, Currying,
and Leather Dressing are fully Described, and the Principles of Tanning
Explained, and many Recent Processes Introduced ; as also Methods for the
Estimation of Tannin, and a Description of the Arts of Glue Bniling; Gut
Drmm% &e. ]EB: ALEXANDER WATT, Author of ‘ Soap-Making,” &c.
Fourth Edition, Crown 8vo, cloth . . . ' . . . 9/0

: “ A sound, comprehensive treatise on tanning and its accessories The baok is an endnently
vﬂalu:hlu production, which redounds to the credit of both author and publishers,"—Chemions

THE ART OF BOOT AND SHOE MAKING.

A Practical Handbook, including Measurement, Last-Fitting, Cuttin -Oiet,
Closing and Making, with a Description of the most approved Machinery
HEmployed. By Joun B, Leno, late Editor of S¢. Crispin, and The Boot and



s8  CROSBY LOCKWOOD & SON'S CATALOGUE.

o — — i ——— —— — ——— — — ——— — —— —  — —

- T T CTErwTTTTe TTTTT— —-rm—

e . | _

WOOD ENGRAVING. B
A Practical and Easy Introduction to the Studyof the Art. By W. M, Brown.
12mo, cloth . . ~o. . . . . . . 18

1 The ek is clear and complete, and will be usafls] to any one wanting to understand the
first clements of the beautiful art of wood engraving."—irraphic, ' ' -

MODERN HOROLOGY, IN THEORY AND PRACTICE.

Translated from the French of CLaupivs SAUNIER, ex-Director of the School
of Horology at Macon, by Juries TrirrLin, F.R.A.5., Besancon Watch
Manufacturer, and Epwarnd Ricc, M.A., Assayer in the ﬁﬂyai Mint. With
Seventy-eight Woodcuts and Twenty-two Colouyred Copper Plates, Second
Edition. Super-royal 8vo, cloth, £ g, ; hatfcalf . . . £2 10s.

* There is no horological work in the English language at all te he conysared to this produc-
tian of M, Saunier’s for clearness and completeness. It Is alike good as a guide for the studént amd
e a3 reference for the experienced horologist and skilled workman. "—SfHorofopécal Forrmnal.

“ Tha latest, the most complete, and.the most reliable of those Jterary nctions to which

continental watchmakers are indebted for the mechanical superiority over thelr Eﬂﬂﬂh brethren
—in fact, the Book of Books, is M. Saunier's ' Treatise,""— [Fatchmaker, Fereller, ana Sikerimniih.

THE WATCH ADJUSTER’S MANUAL.

A Practical Guide for the Watch and Chronometer Adjuster in Making,
Springing, Timing and Adjusting for 1sochronism, Positions and Temperatutes.
By C. E. Frirts, 370 PP., Wit%l IHustrations, 8vo, cloth -, . . 18/0

THE WATCHMAKER'S HANDBOOK.

Intended as a Workshop Companion for those engaged in Watchmaking and
the Allied Mechanical Arts. Translated from the French of CLavbivs
SAUNIER, and enlarged by Juuien Trierun, F.R.A.S., and Epwarp
Ri1Ge, M.A., Assayer in the Royal Mint. Third Edition, 8vo,cloth. 8/0Q

“1iach part is truly a treatise in itself. The arrangenent is good and the language is clear
and conclse, It is an admirable guide for the young watchmaker,”—Engineering.
“It ls impossible to speak toc highly of its excellence, It fulhls every requ

hmiﬁt in.a
p. = aich and

handbook intended for the use of 4 workman, Should be found in every worksho
Clockmnaker,

A HISTORY OF WATCHES & OTHER TIMEKERPERS,
By James F. KExpat, M.B.H. Inst. Boards, 1/8} or cloth, gilt - . Q/@

“ The hest which has yet appeared on thic subject in the English language. "—/adsacirves. - -
¥ Open the Look where you may, there is_interesting matter in it concerning the ingenious
(evices nt‘ the ancient ar mogdern horologer. —Safurday Keview,

ELECTRO-DEPOSITION.

A Practical Treatise on the Klectrolysis of Gold, Silver, Copper, Nickel, and
other Metals and Alloys. With Descriptions of Voltaic Batteries, Maguneto
and Dynamo-Electric Machines, Thermopiles, and of the Materiale und
Processes used in every Department of the Art, and several Chapters on
ELecrro-METALLURGY., By ALExanbpEr WATT, Author of ‘' Electro-
Metallurgy,” &c. Third Edition, Revised, Crown 8vo,cleth . ., 9/0

“Eminently a heok for the practical worker in electro-deposition. it contalas practical
descriptions of methods, processes and matetials, as actually pursned and used in the workshop.”—
Lingreader.

ELECTRO-METALLURGQGY.
Practically Treated. By ALEXANDER WATT., Tenth Edition, including the
most recent Processes. 1amo, cloth . . . . .. 38

“ Jrom this book both amnteur and artisan may learn everything necessary for the successfu
prosocution of eleciroplating.”~—frox.

JEWELLER'S ASSISTANT IN WORKING IN GOLD.

A Practical Treatise for Masters and Workmen, Compiled from the Experience
of Thirty Years' Wﬂrkshngc Practice. By GeorckE E. GEE, Author of * The
Goldsmith’s Handbook,” &c. Crown 8vo, cloth e . . 7/8
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ELECTROPLATING. N |
A gractical Handbook on the Deposition-of Copper, Silver, Nickel, Gold
Aluminium, Brass, Platioum, &c.,%?r‘:. By J. “EPEU’JE:QUHM{T, C.E. Thin.i
Edition, Revised. Crown 8vo, cloth . e . . . BIO

. in excallent practical manual,"—Enpyneering.
“ An axcellent work, giving the newest information, "—Horelogical Fournal,

ELECTROTYPING.

" The Relgmductinn and Mu!tiﬂicatinn of Printing Surfaces and Works of Art
’hr tlll':e lectro-Deposition of Metals. By J. W. UrquHarT, C.E. Crown 8vo,
cnt L | ] ] * 1 4 +

. : .« 80

" The book 15 thoroughl E.m'ctica]: the reader is, therefore, conducted through the leading
laws of electricity, then thmugi he metals used by electrotypers, the apparatus, and the depositing
processen, up to the final preparation of the work, '—. 4+t ?’:mrﬂm’.

GOLDSMITH'S HANDBOOK.

By Grorce E. GEE, Jeweller, &c. Fifth Edition. r1zmo,cloth . . 30O

'"*A good, sound educator, and will be generally accepted as an authority."—Horolagioal
Fowrnol, .

SILVERSMITH'S HANDBOOK.

" By Georgr E. GrE, Jeweller, &c, Third Edition, with numerous Illustra.

tions. 12mo, cloth . . .+« . 30

- “The chlef merit of the work is its practical character, . . . The workers In the trade will
speedily discover its merits when they sit down to study it."—FKuelish Mechanie,

*o* The above two works together, strongly half-bound, price 7s,
SHEET METAL WORKER’S INSTRUCTOR.

Comprising a Selection of Geometrical Problems and Practical Rales for
Dcﬂcrihinwhr. Various Patterns Required by Zinc, Sheet-Iron, Copper, and
orkers, By ReEupex HEnry Warn. New Edition, Revised and

Tin-Plate.
b . RCAYEL T BYL P LU 1 2 'y
grealy Eplarged by Jostr G. Homvan, AMLM.E, | Crows o, sst gpy
BREAD & BISCUIT BAKER'S & SUGAR-BOILER’S
ASSISTANT.

Including a large variety of Modern Recipes. With Remarks on the Art of
Bread-making. By RoeerT WELLs. Third Edition. Crown 8vo, cloth . 2i0)

" A Targe number of wrinkles for the ordinary cook, as well as the baker,"—Satnurday Review,

PASTRYCOOK & CONFECTIONER'S GQUIDE,

For Hotels, Restaurants, and the Trade in general, adapted also for Family
'l.;-’steh By R. WELLs, Author of * The Bread and Biscuit Baker."” Crown gm,
clo . . , ' . ) . . , 10

" We cannhot speak tao bighly of this really excellent work, It these days of keen competitlon
oiir yeacders carnot do betier than purchase this book."—Roders' Times,

ORNAMENTAL CONFECTIONERY.

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of
- Modern Recipes, and Remarks on Decorative and Coloured Work, - With 12
Original Designs. By RoperT WELLS. Second Edition. Crown 8vo . 5;3

<. - " & waluable work, practical, and should be in the hands of every baker and confectioner,
%ﬁ! Ulustrative deslgns are alone worth treble the amount charged for the whole work."—Raters'
ey, - -

THE MODERN FLOUR CONFECTIONER, WHOLESALE
AND RETAILL. | |

Containing a large Coliection of Recipes for Cheap Cakes, Biscuits, &c. With
remarks on the Ir;g'rediems Used in their Manufacture. . By RoBErT WELLS,
Author of ** The Bread and Biscuit Baker,” &c. Crown Bvo, cloth . 210

" The work is of a decldedly practlcal character, and in every recipe regard is had to economlenl
working."—ANorih Briksh Daily Mail, i

RUBBER HAND STAMPS
And the Manipulation of Rubber., A Practical Treatise on the Manmufacture of

Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektngrale}‘l,
H]?]ecinl Inks, Cements, and Allied Subjects. By T, O'ConOr SLoank, AM.,
')

Ty W;fil numarasne THoekrakisame Sanaras Pos elotks - - RIS
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" HANDYBOOKS F:OR HANDIORAFT&—-"TI -

BY PAUL N. HASLUCK.

Editor of ' Work " (N eow Series), Author of ** Lathe Work," " Milling Macgines," &c.
Crown 8vo, 144 pp., cloth, price 1s. each. :

These HANDVBQOKS have been written to supply information for Warkmen,

il-l-‘ )

STUDENTS, and AMATEURS n the several Handicrafis, on the actugl PracTICE of

the WoRKsHOR, and are intended fo convey in plain langvage TecuNicaL KNow-
LEDGE of the several CRAFTS, In describing the processes employed, and the manipu.
lation of maiterial, workshop terms are used ; workshop practics is fully explained |
and the text is freely illustvated with drawings of modern tools, appliances, and
processes,

THE METAL TURNER'S HANDYBOOK.

A Practical Manual for Workers at the Foot-Lathe. With over 100 Hlus-

trations. S T i+
" The book wll Le of service alike to the amatenr and the artisan tumey, - It di g
thorough knowledge of the sublect."—Seotsman, R

THE WOOD TURNER'S HANDYBOOK.
A Practical Manual for Workers at the Lathe. With over oo [llustrations

1/0

* We recommend the book to young turners and amateurs. A mwultitude of workmen have
hitherto sought in vain for 3 manual of this specid industry. "—Mecharical Vorid.

THE WATCH JOBBER'S HANDYBOOK.,
A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of

100 [llustrations . . .o . . . . . -« 14
. . Westrangly advise all young persons connected with the watch trade to acquire and study
is inexpensive work."—Clerenoell Chronicle.

THE PATTERN MAKER’'S HANDYBOOK.

A Practical Mannal on the Construction of Patterns for Founders. With

uwpwards of oo Illustrations : , . . . . e . . 110
'" A most valuable, if not indispensable manuai for the pattern maker."—Knoaiedpe,

THE MECHANIC'S WORKSHOP HANDYBOOK.

A Practical Manual on Mechanical Manipulation, embracing Information
on various Handicraft Processes. With Useful Notes and Miscsllaneous

Memorands. Comprising about 200 Subjects . . . . . ., 1,“3
' A veary clever and useful book, which shouid be found in every workshop; and ¢ shou
certainly find a place in all technicat schonls, "—Safurday Keview.

THE MODEIL ENGINEER'S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engines. With

upwards of roo Iliustrations. : . . . : : ‘ . . 110
"' Mr. Hasluck has produced a very good little book." —Buwsider,

THE CLOCK JOBBER'S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
100 Illustrations . . . . : . . ) ' . . . 110
* It is of inestiznable zervice ta thoge comunencing 1the trade."—Coventry Standard,

THE CABINET MAKER’'S HANDYBOOK.

A Practical Manual on the Tools, Materials, Appliances, and Processes
employed in Cabinet Work. With upwards of 100 Illustrations . . 1/0

“ Mr. Hasluck's thorou gh-going little Handybook is amongst the most practical guides we
have seen for beginners in cabinet-work, "—Safurday Keview,

THE WOODWORKER'S HANDYBOOK OF MANUAL
INSTRUCTION.

Embracing Information on the Tools, Materials, Appliances and Processes

Employed in Woodworking. With seq Illustrations. . . ., . 1/0

Weitten L L ﬂpmm:ﬂsl t::]-:r 'rHEkPREss. 1o done. b
o y & tman who knows, nat only how work cught to ne, but how to do it,; and
hiow to convey his knowledge to uthers."-—Eu::-;'ﬂurfn s o «
“ Mr. Hasluck writes admirably, and gives :nmpﬁrte instructions."—Faupineer. .
. " Mr, Hasluck combines tlie experience of a practical teacher with the manipulative skill and
scientlfic knowledge of processes of the trained mechanician, and the manuals ara manr:ﬁ of what
can be produced at a popular price."—Sckeslmasier,
' lelplul ta workmen of all ages and degrees of experience,"—Datly Chronfcie,
:‘ Practical, sensible, and rempg:ka"tgly cheap.”"— Fournal of Kducation,

"B ol . R I _.._j I

L
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LESSONS IN COMMERCE.

By Professor R. Gamsaro, of the Royal High Commercial School at Genoa,
Edited and Revised by James GauLT, Professor of Commerce and Commercial
Law in King's College, London. Second Edition, Revised. Crown 8ve . 3/8

“ The publishers of this work have rendered considerable service to the cause of commercial
education ba the ngpnﬂuna production of this volume. . . , The work iz peculiarly acceptable to
English readers and an admirabie addition to existing class books. In a phrase, we think the work
mttaing ks object in furnishing & brief account of those Jaws and customs of British trade with which
the commercial man Interested therein shonld be familiar,—Cligander of Commerce Forurnai,

** An invaluable guide in the hands of those who are preparing for a commercial career, and,

fact, the Informatlon it contains on matters of business should be impressed on every one."—
axnfing Howuse,

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Commercial Correspondence in Five Languages—English
French, German, Italian, and Spanish. By Cowrap E. BaAkEx., Secon
E‘diti-ﬂnl CT‘GWTI B‘rﬂ] El'ﬂl.h L] L] - - . 31’6

“'Whoaver wishes to correspond In all the languages mentioned by Mr. Baker cannot do
better than study this work, the materials of which are excellent and convenlently arranged. They
consist not of entire speclmen lettets, but—-what are far more useful—shert passages, sentences, or
phrases expressing the same general idea in varicus forms."—dA thenaion.

“ A careful examination has convinced us that it is unusually complete, well arranged and
rellable. The book is a theroughly good one." —Scheol/rmasier,

A NEW BOOK OF COMMERCIAL FRENCH.

Grammar — Vocahulary - Correspondence — Commercial Documents — Geo-
grath—Arithmetic—Lexican. y P. CarroUR, Professor in the City High
chool J.—B. Say (Paris). Crown Bvo, cloth . . . . . . 4?3

_ "' M. Carroud’s book is a vade mecim of commercial French, and would be distinctly in its
place in every merchant’s office. Nothing better could be desired."—Fducational Timer.

.FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE.

A Handbook for Accountants and Manufacturers, with Appendices on the
Nomenclature of Machine Details; the Income Tax Acts; the Rating of
Factories; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c.,
including also a Glossary of Terms and a large number of Specimen Rulings.
By EmiLe GarckE and J. M. FeLns. Fourth Edition, Revised and Enlarged.
Demy 8vo, 250 pp., strongly bound . . ' . . . . . fl#]

‘' A very interesting descrption of the regulrements of Factory Accounts. . . . The pencipla
of assimllating the Factory Accounts to the general commercial beoks is one which we thumuiﬁy
agree with."—dAcconniants’ Fournal,

" Charnctearised by sxtreme thoroughness, There are few owners of factorles who would not
deriva great banefit from the perusal of this most admirable work."=Loca! overnment Chrouicke,

-MODERN METROLOGY.

A Manual of the Metrical Units and Systems of the present Century. With
an Appendix_containing a proposed knglish System. By Lowis D, A,
Jackson, A. M, Inst, C, E,, Author of ** Aid to Survey Practice,” &c. Large
c¢rown Bvo, cloth . . . . . . . . . . . ‘IQFB

© "We recommend the work to all interested in the practical reform of our weights and
mousures, ' —Nature,

‘A SERIES OF METRIC TABLES.

In which the British Standard Measures and Weights are compared with those
of the Metric System at present in Use on the Continent, By C, H, DowLINg,
C.E. Bvo, strongly bound . ' . . . . . - . 10/8

"My, Dowling's Tables are well put together as a ready reckoner for the convesslon of one
syitem [nto the other."—A4 thenzum. .

THE 1RON AND METAL TRADES' COMPANION.

For Expeditiousiy Ascertaining the Value of any (Goods bought or sold by
Weight, from 13, per cwt. to 1125, per cwt., and from one farthing per pound to
one shiﬁing per pound. By Tromas Downig, 396 pp., leather . . B0

“ A most usefisl set of tables, nothing like them belore existed."—Ruslding New:,
M Mthuugih specially adapted to the lron and metal trades, the tables will be founil useful
every other husiness i wiick merchandise Is bought and sold by weight."—Raifway News.,
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR.

Containing upwards of 250,000 Separate Calculations, showing at a ®lance the
Value at 422 %iﬁ'erent Rates, ranging from y§xth of a Penny to 208, each, or per

cwt., and £20 per ton, of any numher of articles consecutively, from 1 to 470,

Any number of cwts., qrs., and lbs,, from 1 cwt. to ﬁ?ﬂ cwis,  Any numbet of

tons, cwis., grs., and lbs, from 1 to 1,000 tons, By WiLLiam Cuapwrick,
Public Accountant, Third Edition, Revised. 8vo, strongly bound . 18/0

“It is as easy of reference for any answer or an{ nuinber of answers. as a dictionary. For
making wp nccounts or estimates the book must prove invaluable to all who have any considerable

quantity of calculations invelving price and measure in any combination to do."—Ene¥neer,
" The most perfect work of the kind yet prepared,"—Glasyote Merald,

THE WEIGHT CALCULATOR.

Being a Series of Tables uecm a New and Comprehensive Plan, exhibiting at
one Reference the exact Value of any Weight from x lb. 10 1%‘fnnu,-at--aon
Progressive Rates, from 1d,.to 168s. per ewt., and containing 196,000 ‘Direct
Answers, which, with their Combinations, consisting of & &i -addition
mostly to he performed at sight), will afford an aggregate 10,266,000
Answers | the whole being calculated and designed to ensure correctness and
ramote despatch. By Henkvy HarbEN, Accountant, Fifth Edition, carefylly

omrected. Rovyal 8vo, strongly half-bound ., e« .« B1 Be.
" A {pmcticnl and useful work of reference for men of business generally."—fron :
" Of priceless vilue to busingss men. It is a necessary book in all mercantile offices,”—

SheHield Independent,

THE DISCOUNT QUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,
Ironmongers, and Others, by which may be ascertained the Exact Profit arisin

from any mode of using Discounts, either in the Purchase or Sale of Goods, an

the method of either Altering a Rate of Discount, or Advancing a Price, so0 88
to produce, by one operation, a sum that will realise any required Profit after
allowing one or more Discounts: to which are added Tables of Profit or
Advance from 1} to go per cent., Tables of Discount from Iiitﬂ 98% per cent.,
and Tables of Commission, &c., from # to 1o per cent. Py HENRY ARBEN,
Accountant, New Edition, Corrected, Demy Bvo, half.hbound . 8% Be,

* A book such as this can only be appreciated by business men, to whom the saving of thme
means savigg of money, The wnrky must prove of glgat value to mf;r:hnnts. manytamiirers, and
Reneral traders, " —Brifick Trade Youraal,

TABLES OF WAGQGES.

At 54, 52, so and 48 Hours per Week, Showing the Amounts of Wages from
One quarter of an 1‘1{‘.‘.-111' to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 45. to g55. per weck. By THos, GarsUTT
Accountant, Square crown 8vo, half-hound . : : . . . ﬂfd

IRON-PLATE WEIGHT TABLES.

For Iron Shiphuilders, 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 ro feet by? feet by 1 in. Worked out on the Basin of
4o lbs, to the square foot of Iron of 1inch in thickness, By H, BurLINsoN
and W. H. SimrsoN,  4to, halfbound . . N 0. )

MATHEMATICAL TABLES (ACTUARIAL).

Comprising Commutation and Conversion Tables, Logarithms, Cologarithm
Aantilogarithms and Reciprocals. By J. W. GorpoN, Koyal 8vo, moun

on canvas, in cloth case, [ Just Published, B0
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THE ' GOMPLETE GRAZIER AND FARMER’S AND
o CATTLE BREEDER'S ASSISTANT.

- A Compendium of Hushandry. Originally Written by WitLiam Yovarr,
Thirteenth Edition, entirely rﬁe-wﬁtten, considerably Enlarged, and brought
up to the Present Requirements of Agricultural Practice, hy WitLiLiam
FFIJEAM LL.D., Steven Lecturer in the University of Edinburgh, Author of

“The Elements of iculture,” &c. Royal Bvo, r,ic0 pp., with over
aso Illustrations, strongly and handsomely bound . . . ﬁ" 11s. Bo.
SUMMARY OF CONTENTS,

|

Book I ON THE VARIETIHS, BREEDING, | DBook VI ON THE BREEDING, REARING,
REARING, FATTENING AND MANAGE- | _ AND MANAGEMENT OF POQULTRY.
MENT OF CATTLE. - Boor VIIIL ON FARM UOFFICES AND

BOOK 1]. ON THE ECONCMY AND MaN. IBMPLEMENTS OF HUSBANDRY.
AGEMENT OF THE IJAIRY, BOOK 1X. ON THE CULTURE AND MAN-

BOoOX II], ON THE BREBDING, REARING, AGEMENT OF GRASS LANDS.

__AND MANAGEMENT OF HORSRES. i BooOK X. ON THE CULTIVATION AND

BooK V. ON E BRERDING, REARING, | APPLICATION OF GRASSES, PULSE AND
i FATTENING OF SHEEP. ROOTS.

Yer ON THE BREEDING, RERARING, BooK XI. ON MANURHES AND THEIR
AND FATTENING OF SWINR. i ' APPLICATION TO "GRASS LAND AND

BOOK ¥I. ON THE DISBASES OF LIVE . CROPS.

STOCK. Rook XII. MONTHLY CALENDARS OF
! FARMWORK,

** OrinNionNs oF THE PrEss oN vHE NEw EDITION.

i Dy, Fream is to be congratulated on the suecessful attempt he has made to give us a work
which will at once hecome the standard classic of the farm practice of the country, We believe
that it will be foupd that it has no compeer amony the many works at present in existence. . . .
Ehﬁ iliustrations are admirable, while the frontispiece, which represents the well-known bull,

ew Year's Gift, bred by the Queen, is a work of art,"— The Times,

~ The book must be recogniced as occupying the proud positon of the most exhaustive work
of reference in the Eng‘llshel;';;mlaaﬁ on the subject with which it deals."— A thenamn.

_ The most comprahensive guide to modem farn practice that exists {n the English language
to-day. . » . The hookis one that ought to be on every farmm and in the library of every land
owner,"—Mark Lane HExpress.

' “Tn t of exhaustiveness and accuracy the work will certalnly hold a pre-eminent and -
unique pesition among books dealing with scientific agricultural practice. It is, in fact, an agricul.
tural Lbrary of itsell. - North British Agriculturist,

“A r:umﬁendium of authoritative anid well-ordered knowledge on every coaceivable branch of
the work of the live stock farmer; probably without an equal in this or any other country,”—
Yorkixive Post, '

FARM LIVE STOCK OF GREAT BRITAIN. _

By RoserT WaLracg, F.L.S,, F.RS.E., &c., Professor of Agriculture and
Rural Economy in the ﬁniv&rsity of Edinit:urg . Third KEdition, thoroughly
Revised and considerably Enlarged. With over 120 Phototypes of Prize
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 12/6

“t A really complete work on the history, breeds, and management of the farm stock of Great
Br;t_igi.?gmd one which Is likely to find its way to the shelves of every country gentleman's library.™ -
— 1MES,

i The latest edition of ¢ Farm Live Stock of Great Britain’ Is a production to be proud of, and
it issue pot the least of the services which Its author has rendered to agricultural science,-—
Scoltish Farmer, . .

"~ “The book is very attractive, . . . znd we can scarcely’ imagine the existence of a
-faysider who would not like to have a copy of this beautiful and useful work,"—Mark Lans Expresy,

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
-FOR FARMERS AND FARM STUDENTS, '

By PrimroseE McConweLL, B.Sc., Fellow of the Highland and Agricultural
Society, Author of ** Elements of Farming." Sixth Edition, Re-written, Revisad,

and greatly Enlarged. Fcap, 8vo, 480 pp., leather. [ Jusi Pudiished, 6/0

SUMMARY OF CONTENTS ; SURVEYING AND LEVHELLING. — WEIGHTS AND
BASURES. — MACHINERY AND BUILDINGS. — LLABOUR. — OPERATIONS, — DRAINING, —
MEBANKING, =~ GROLOGICAL MEMORANDA.— SOLS.— MANURES,— CROPPING.— CROPS,—

ROTATIONS. — WEEDS,.— FEEDING, — DAIRYING.— LLIVE STOCK. — HORSES. — CATTLE. —
SHERP.<PIGS.—POULTRY,—FORESTRY.—HORTICULTURE.—MISCELLANEQGUS,

'* No farmer, and certainly no agricultural student, ought to be without this smiu/tim-dn-parvo
manui! of sl subjects connected with the farm."—North Brifish Apricullierist.
' T his ttle pocket-book contains a large amount of useful inforniation upon all kinds of agri.
cultural subjects. Something of the kind has long been wanted."-——Mfard Lane Express,
" The amount of Infoermation it contains is most surprising : the arrangement of the matter Is
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm, For the Use u&lTuchn'r'cal .
Instruction Classes, Students in Agricultural Colleges and the War nEDmry
Farmer. By Prof. J. P. SusLpoN. With Illustrations. Second dition,
Revised. Crown 8vo, cloth. [ Just Published, /8

“ Confidently recommended as a useful text-book on dalry farming."—Agriculindal Gasette,

" Probably the best half-crown manual on dalry work that has yet been produced.”—Norih
British Agpriculturist,

“It 35 the soundest little work we have yet seen on the subject.”— The Timres,

MILK, CHEESE, AND BUTTER.

A Practical Handbook on their Properties and the Processes of their Produc.
tion. Including a Chapter on Cream and the Methods of its Se paration from
Milk. By Jonn OLiveRr, late Principal of the Western Dairy Institute,
Berkeley, ith Coloured Plates and 200 lilustrations. €rown 8vo, Eluth'hﬂ
** An exhaustive and masterly production. Tt may be cordially recommended to slt studants

and practitioners of dairy science."—North British Apricuturicd :
"W? recommend this very comprehensive and carefully-written book ta dalry-farmers and

students of dalrying, It is a distinct acquisition to the library of the agrlculturist,”—Agriculiural
{repmelte.

SYSTEMATIC SMALL FARMING. )

Or, The lessons of My Farm. Being an Introduction to Modern Farm
Practice for Small Farmers. By R. ScorT BUrN, Author of “ Outlines of
Modern Farming,” &c. Crown 8vo, cloth. : . ' . . . 8/0

.. This is the completest book of its class we have seen, and one which every amateur fariner
will read with pleasure, snd accept as a guide.”—Field.

OUTLINES OF MODERN FARMING.

By R. ScorT BurN. Soils, Manures, and Crops—Farming and Farming
BEconomy—Cattle, Sheep, and Horses—Management of Dairy, Pigs, and
Pouitry—Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. It One
Vol,, 1,250 pp., balf-bound, profusely THustrated . . . ., . 12/0

FARM ENGINEERING, The COMPLETE TEXT-BOOK of.

Comprising Draining and Embankin ; Irrigation and Water Su w: Farm
KRoads, Fences and Gates ; Farm BuiEimgs; Barn Implements and Machines ;
Field Implements and Machines ; Agricultural Surveying, &c. By Professor
Joun Scorr. In One Vo, 1,150 pp., half-bound, with over 600 H re.ltizo}'la

" Written with great care, as well as with knowledge and ability. The author has ‘done his
work well ; we have found him & very trustworthy gulde wherever we have tested his statements,
The yolume wlll be of great value to agricultural students."—Mar& Lane Express,

THE FIELDS OF GREAT BRITAIN.

A Text-Book of Agriculture, Adapted to the Syllabus of the Science and
Art Department. For Elementary and Advanced Students. By Hucu
CLEMENTS (Board of Trade). Second Edition, Revised, with Additions.
18mo, cloth |, . , : . 2,68

“ It is @ long time since we have seen a book which has pleased us more, or which contaips
such a vast and useful fund of knowledge."— Edicational Times,

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS, SURVEYORS, ND AQENTS,
AUCTIONEERS, &c.

With a New System of Farm Book-keeping. B[v SIDNEY FrRARCIS, Third
Edition, Revised. 272 pp., waistcoat-pocket size, imp leather . . 1/8

" Weighing less than 1 oz., and uc:upginfg no more space than a match-box, it contalns a mass
of facts and calculations which has never ore, i such handy form, been ohtalnable. Every
operation on the furm is dealt with, The work may be taken as ¢ oroughly accurate, the whole of

the tables having been revised by Dr. Fream.” Wea cordially recommend it,"—Heil's HWeekly
Messanger, ' .

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.

Part I, Stock. PartII, Crors, By C. J. R. Timrer. Crown 8vo, cloth,
[ Juat Pubisshed. RIE
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FEETILI.SER‘S AND FEEDING .STUFFS.

. A Handbook for the Practical Farmer. By BErNArD DvEr, D S-::. (Lond.),
With the Text of the Fertilisers and Feeding Stuffs Act of 1 Third
Edition, Revised. Crown 8vo, cloth, [ Just Pugf hed. 1/0

" This little book s pre:lﬁely what it professes to be—‘A Handhook for the Practical
Farmer.! Dr, Dmar has done farmers good service in placing ‘at their disposal sa much useful
informatiot 1o so intelligible a form.”—TAe Tipees

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. GorponN Samson, With
numerous [liustrations. Crown 8vo, ¢ oth R i

BOOK-KEEPING for FARMERS and ESTATE OWNERS.

A Practical Treatise, presenting, in Three Plans, a System adapted for all
Classes of Farms., By Jounsoxn M. Woopman, Chartered Accountant,
Second Edition, Revised. Crown 8ve, cloth boards, 3/8 ; or, cloth limp, /68

*"The voluma is a capital study of a most important subject, " —Adgprine/tieral Gazetie.

WOODMAN'S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showing the Income satid
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c.
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the
Year. B I!BHNEGH M. WooDpMan, Chariered Accountant. Second Edition.

Folio, half-bound . . : . . . : , : . 768 Nel.

“ Contains every requisite form fur keeping farm accounts readily and accurately,”—
Apviculture,

THE FORCING GARDEN.

Or, How 1o Grow Early Fmits, Flowers and Vegetables. With Plans and
Eitimates for Building Glasshouses, Pits and Frames. With Illustrations.
By SaAMmuEL Woon, Crown8vo,cloth . . . . .« . 8/8
‘* A good book, cantalning a great deal of valuable teaching.’ -—G::rn"mm Mararine,

A PLAIN GUIDE TO GOOD GARDENING.

Or, How to Grow Vegetables, Fruits, and Flowers. By 5. Woon. Fourth
]!..dltlnn, with cnnsldemhle Addltmns, and numerous Illustrations. Crown

8vo, cloth . . ¢ - 1] -

1 A very good baok, and one to he hlghl}r rﬁcummﬂndﬂd as a practical guide., The practical
directions are excellent.”— 4 thenazems,

MULTUM-IN-PARVO GARDENING.

r, How to Make One Acre of Land produce 4620 a year, by the Cuhwatmn

| :}f i" ruits and Vegetables ; also, How to Grow Flowers in Three GGlass Houses,
s0 as to realise £ 176 per annum clear Profit. By SamuierL Woobp, Author of
¥ Good Gardenin C. F:fth and Chcaper Ldttmn Revised, with Additions.

Crown Bvo, sew . - . . 10

*“We are bound to rncummmld lt as not only smted to I:]'IE.* case ui’ the amateur and gentle-
tnanh's gardener, but to the market grower,"—Gardesers’ Magazine.

THE LADIES' MULTUM-IN=PARYO FLOWER GARDEN.
And Amateur’s Complete Guide. By 5. Woon. Crown 8vo,cloth . 3/8

* Fyll of shrawd hints and useful instructions, based on a lifetime of experience.”—Scotsriasn.

POTATOES: HOW TO GROW AND SHOW THEM.

A Practital Guide to the Cu!twatmn and General Treatment of the Potato,
By J. Pinx. Crownfvo . . .~ 1 e

MARKET AND KITCHEN GARDENING.
By C W Sunw, late Editor of Gardening [llustraled, Cluth - . 36
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, &,

THE APPRAISER, AUCTIONEER, BROKER, . HOUSE
AND ESTATE AGENT AND VALUER’S POCKET ASSISTANT.

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and
Reversions, and of Property generally ; with Prices for Inventories, &c. By
‘!{}HH WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly Extended

y C. Norris, Surveyor, Valaer, &c. Royal 3z2mo, cloth . . . 8/O .

* A neat and concise book of reference, containing an admirable and clearty-arranged . list of
prices furinventories, and a very practical puide to determine the value of furniture, &c. "—Standard,

" Comtaink a large guantity of varied and usefu] information.as to the. valustion. for "
sale, or renewal of leases, annultles and reversions, and_of property generafly, with ppm '
inventories, and a guide to determine the value of interior fittings and other affacte. " —Puysiider,

AUCTIONEERS: THEIR DUTIES AND LIABH.ITIRS.

A Manual of Instruction and Counsel for the Young Aunctioneer. By RopegrT
Squiees, Auctioneer. ' Second Edition, Revised and partly Re-written. Dem
8va, cloth . . . : : . : . . . . : . 19

'*The standard text-book on the topics of which it treats,”"—. 4 thenanm.
W “The work is one of general excellent character, and gives much information in a com-
pendions and satisfactory form."—Buslder.

“May be recommended as yiving a great deal of information on the law relating to
auctioneers, {n a very readabla form."—Law Fornrnal,

" Auctioneers may be congratulated on having so pleasing a writer to minister to their special
neads."—Soltcifors' Fournal,

TABLES FOR THE PURCHASING OF ESTATES:
FREEHOLD, COPYHOLD, OR LEASEHOLD; ANNUITIES,
ADYOWSONS, &c.

And for the Renewing of Leases held under Cathedrat Churches, Colleges, or
other Cﬂl’}{)ﬂ]‘ﬂtt‘ badies, for Terms of Years certain, and for Lives: for
Valuing Keversionary Estates, Deferred Annuities, cht Presentations, &c. ;
together with SMART'S Five Tables of Compound Interest, and an  Extension
of the same to Lower and Intermediate Rates, By W.Inwoon, a4th Edition,
with considerable Additions, and new and valuable Tables of Logarithma for
the more difficult Computations of the Interest of Money, Discount, Annuities,”
&c., by M. FEpor THoman, Crown 8vo, cloth . . : . .« 80

*' Those interested in the purchase and sale of estates, and in the adjustment of co
cases, as well as in iransactions in annuities, life insurances, &c., will hnd the present edition of
eminent service,"-——f i e ring.

**Inwood’s Tables' still maintain 4 most enviable reputation. The new issue has been
enriched Ly large additional contributions by M. Fédor Thouian, whose carefully arranged Tables
cannot fail td e of the utinost utility, "—Jyrwiny Forrnal,

THE AGRICULTURAL VALUER’S ASSISTANT.

A Practical Handbook on the Valuation of Landed Estates ; including Rules
and Data for Measuring and Estimating the Contents, Weights and Values of
Agricultural Produce and Timber, and the Values of Feeding Stuffs, Manures,
and Labour ; with Forms of Tenany-Right Valuations, Lists of Local Agricul-
tural Customs, Scales of Compensation under the Agricultutral Holdings- Aot,
&c., &c. By tom BricuT, Agricultural Surveyor, Second Edition, Enlarged.
Crown Bvo, cloth . . , : : . B/1O

' Full of tables and examples in connectinn with the valuation of tenant-right, estates, labour,
contents aned weights of timber, and farm preduce of alt kinds,"—4urricnitnral Gazelte,

" AN eminently d]ﬂ"iil:ﬁl:il.l handbook, full of practical tables angl data of undoubted literest and
valee to surveyors and auctieneers in preparing valuations of all kinds,"—Farmer, - ST

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handhook on.-HEstimating the Cost of Forming, Renovating,
improving, and Grubbing Plantations and Underwoods, their Valuation fgr
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bricur. Crown
8vo, cloth . . ' - G

*“To valuers, foresters and agents it will e a welcome akd,"—Nartk British Ay ricutherisl,

deE®rF._. M ..t 1 2 % a2 =



AUCTIONEERING, VALUMNG, LAND SURVEYING, &¢. 4y
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- o
THE LAND VALUER’S BEST. ASSISTANT. o
o Heigg 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 MWH &c. By R, Hupson, C.E. New Edition.
AstiC Lﬂ“d r )

F.gyal 32mo, leather, e v 4/0
o ﬂfjlmlcula}:le valus to the country gentieman and professional man,"— Farmers' Fournal,

THE LAND IMPROVER'S POCKET-BOOK.

Camprising Formule, Tables, and Memoranda required in any Cnm%ltatinn
T to the Permanent Improvement of Landecd ug)lert}r._ By JoHR EwaRT
oblo

ng, leather . 4,-"6

~ Surveyor. Second Edition, Revised. Royal 32mo,
“ A compendious and handy lttle volume,"—Spectator.

THE . LAND VALUER’S COMPLETE POCKET=-BOOK,
Being the above Two Works bound together. Leather , : . T8

HANDBOOK OF HOUSE PROPERTY. =
- - A Popular gﬁe-l’rmticnl-ﬁuide to the Purchase, Mortgage, Tenancy, and
.. Compnilsory 8ale of Houses and Land, including the Law n?ﬁ)ﬂﬁpii:latiﬂns and -
L Wiatures | with Examples of all kinds of Valuations, Useful Information on
Bailding and Suggestive Elucidations of Fine Art. By E. L. TArBUCK,
Architect and Surveyor. Sixth Edition. 12mo, cloth . . e . B

ey e ——

LAW AND MISCELLANEOQUS.

MODERN JOURNALISM,

A Handbook of Instruction and Counsel for the Young Journalist. DBy Jouw
B. MAckiE, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0

* Thia invaluable guide to joumnalicin is a work which all aspirants to a journalistic career will
read with advantage.”"— Pournalist,

HANDBOOK FOR SOLICITORS AND ENGINEERS

Engaged in Promoting Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramways, Gas and Water Works, &c.
113/{ L+ LivIiNGsTONE Macassev, of the Middle Temple, Bafrister-at-Law,
-' . Inst, C.E. B8vo, cloth : \ . . . . . £1 8.

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 Higmrical Sketch and Brief Statement of the Present Position of the
guestmn at Home and Abroad, By { S, Jeans, Author ot '* England's
upremacwy,” &¢. Crown 8vo, 200 pp., cloth e . . oIB

THE HEALTH OFFICER’S POCKET=-BOOK.

A Gude to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors; Members of Sanitary Authorities, &c. By Epwarp
~ F. WiLLovguey, M.D. (Lond.), &c. Feap.Bvo, cloth . . . . Ti8
‘" A mine of condenned information of a Eaninent and useful kind on the various subjects of

which i treats, The matter seems to have been carefully compiled and arranged for facility of

rqﬁla::_ pance, and it s well llustrated by diagrams and woodcuts, The different subjects are
sueeknctly but fully and scientifically dealt with.”— Fhs Lascet, )
" Clughit to ba walcome to those for whoss nes it i degioned sines [ aractiealle Fordle o o
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EVERY MAN’S OWN LAWYER: .
A Handy.-Book of the Principles of Iiw and lg?ﬂ:!ity. With » Concise
Dictionary of Legal Terms. By A BarkisTERr. irty-fifth Edirion, care-
fully Revised, and including New "Acts of Parliament of 18g7.. Comprising
the WHorkmuen's Compensation Act, r&p7; Voluni Schools Acls, 18yr:
’ Prefevential Payments in Bankrupley Amendment Act, 187} Weights and
v Measuras (Metric Syrtem) Act; r8r;: Infamd Life Frofeclion Act, 182;
Dangerons Performances (of Children) Act, 1857 ; Land Trassfer Aci,
&c., &¢. [Judicial Decisions during the yeay have qiso been r-fli?f " F’.
FIM

T T la N b

Crown 8vo, 750 pp. Price 8/8 (saved at every consultation [}, stron
in cloth, wil

The Book will be found lo comprise (amongst othey maliery—

THR RIGHTS AND WRONGS OF INDIVIDUALS=LANDLORD AND TENANT—VENPORS
). FURCHASERS~LFASES AND MORTGAGES—PRINCIP AND AGENT-—PARTNRRSHIP
AND COMPARIES—MASTERS, SERVANTYS AND WORKMEN~CONTRACTS AND AGRERMEBNT
~BORROWERS, LENDERS AND SURBETIES—SALE AND PURCHASH OF GO0 3,
BILLS AND NOTES—BILLS OF SALE—BANKRUPTCY~RAILWAY AND SHIFFMING LAW—
LIFE, FIRE, AND MARINE INSURANCE—ACCIDENT AND FIDELT INSURANCE—CRIMINAL
LAW—PARLIAMENTARY ELECTIONS—COUNTY COUNCILS—DISTRICT COUNCILS—~PARISH
COUNCILS—MUNICIPAL CORPORATIONS—LIEEL. AND SLANDER-PUBLIC HEALTH AND
NUISANCES—CAOPYRIGHT, PATENTS, TRADE MARKS—HUSBAND AND WIFE~DIVORCE—
INFANCY—CUSTODY OF CHILDREN—TRUSTEERES AND EXECUTDRS—CLERGY, CHURCH.
WARDENS, &C.—GAME LAWS ARD SPORTING—INNKEEPERS—~HORSES AND DOGS—TAXES
AND DEATH DUTIFS—FUORMS OF AGREEMENTS, WILLS, CODICILS, NOTICES, &C.
i

B The odiect of Hhis work o5 to enable those who consnli il to help themselves o the
laww ; and thereby fo dispernse, as far as fﬂ.!‘.ﬂlﬂfe, with profesvional assisiance and anltice, There
APE INGHY TWHONLT AN PYICUVRNOT WATCR persons sudaul lo from me to Nme iAvough nol
Enoreing how or where to apply for redress; and many persons havd as preat a dread of' a
lewyer's office as of @ lion's deni. 1Fith this book af kand 3t iv delieved Mot many a SIXJAND-
FIGHTFENCE may be saved ; snany a wrong redressed | many @ righi veclatmed ) many a law
el avoided m;dJ;::.auy an evid abated. TRe work Ras esta m‘#erf stseil as the Handard lepgl
adviter of all clarses, and has alse mane g repulation for itsely as a usefil book of refevesce for
lmtyyers résiainy of « dintance from law Hbraries, whe are plad to Aave af kand a work
:m&ﬁ' Pybaeg yecerd decisions and enactmentys, : _

-

OrINiONS OF THE PRESS. ~ P

"It Is a cotnplete code of English Law written in plain language, which all can unduntand. i
. . . Should be in the hands of every business man, and &ll who wishito abolish lawyers bills. "~
Weakly Times. - . . TE

“ A useful and concise epitome of the law, compiled with congiderable care."—Law Magasing,

H A complete digest of the most useful facts which constitute English law.”"—Glode. _y

“This excellent handbook. . , . Adindrably done, admirably arranged, and admirably -
{:haaE. Vel ttdy Meveiry.

* A concises cheap, and conplete epituine of the Englishlaw, So plﬂiql&_wﬂm‘._ﬂllthﬁﬂhn
runs may read, and he who reads inay undetstand, " —Fgare, R

“ A dictionary of legal facts well put together. The book is a very useful nne."'_m Spectalor,

. THE PAWNBROKER’S, FACTOR’S, AND MERCHANT’S

GUIDE T0O THE LAW OF LOANS AND PLEDGES.

With the Statutes and a Digest of Cases. By H,

C. FoLkarD, Barrister-at. -
Law. Cloth . . .

LABOUR CONTRACTS.

A Popular Handbook on the Law of Contracts for Works and Services. By
Davip Gippons. Fourth Edition, with Appendix of Statutes by T. F. UTTLEY, -
Solicitor. Fcap. 8vo, cloth ' ‘ ' ' . . . af‘

SUMMARY OF THE FACTORY AND WORKSHOP ACTS

1878218¢1). For the Use of Manufacturers and Managers, B].r_EHILF
Ecuﬂsgand J. M. FeLis. (Reprinted from ‘‘FACcTORY ACCOUNTS.).

Crown 8vo, sewed Ce e e e e Bey



WEALES SERIES
SCIENTIFIC ax» TECHNICAL
WORKS,

* [{ {s not toc much to say that no books have ever proved more
popular with or more useful to young engineers and others than the
excellent treatises comprised in WEALE’S SERIES,”—Engineer.

A fefn Olassified List.

PAGE FAGE
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~ 2 WEA.LE'S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEXING,~
Civil Engineering.

By Henry Law, M. Inst. C.E, Im:fudm a Treatise on HyDrAULIC

Envcinegring by G. R. Buaneor, M.1.C, Seventh Ldition, revised,

with LarcE AoDITIoNS by D), K. CLARK, M 1.C.E. . . . EIB
Pioneer Engineering:

A Treatise on the Engineering Operations connected with the Settlement of

Waste Lands in New Countries. By EDWARD DDB&DH, ALCE., With
numerotus Flates, Second Edition . . . . . &4/6

Iron Bridges of Moderate Spa.n'

Their Construction and Erection, B}r HAHILTDH W. PEnprED. With 4o
Ilustrations . ' . . . 210

"Iron (Algplma.tiun nf) to the Construction of Bridges,

oofs, and other Works.
By FRAHC]S Camrin, C.E. Fourth Edition . . . 2/6

Constructional Iron and Steel Work,
as applied to Public, i‘rwate, and Domestic Bulidlngi By Francis
Camrin, CH, . . . . 3/6

Tubular and other Irnn Girdar Brid all.

Describing the Britannia and Conway Tubular Bridges. By G. Dryspare
DeEmpsey, C K. Fourth Edition ; . ] . . . . 210

Materials and Construction:
A 'Theoretical and Practical Treatise on the Strains, Designing, and Erec
tion of Works of Coenstruction, By Francis Camrein, CE. . J3/0

Sanitary Work in the Smaller Towns and in Yillages.
By Cuarpes SLacc, Assoc. M. Inst. C.E.  Second Edition . 3/0

Roads and Streets (The Construction of),

I I'wo Parrs : I, T ArT oF ConsTRUCTING CoMmoN Roans, by H.

Law, C.E. Rewsed by D. K. CrLark, C.E.; II, RecenT PrACTICE: In-
c]udmg Pavements of Wood, Asphalte, etc, H},rl.} K.Crark, CE. 4/8

. Gas Works (The Construction of),
And the Manufacture and Distriburion of Coal Gas, By 5. HuGuzs, C.E.
Re-written by WinLiaM Ricuarps, C.E. Eighth Edition , . B/8

Water Works

For the Supply of Cities and Towns. With a Description of the Prlnclpa!
Geological Fortmations of Fngland as mﬂuencmg Suppiies of Water,
“anmurL Hucugs, F.G.5., C.E. Enlarged Editicn , . . . 4,-"6

The Power of Wa.tar,

As applied to drive Flour Mills, and to give motion to Turhil.le_s and other
Hydrostatic Engines, By Josern GLyNk, F.R.5, New Edition . 2/0

Woells and Well-Sinking.

By Joun GEo. SwINDELL, A.R.[.B.A,, and G, R. BurneLL, C.E, Revised
Fclition. With a New Appendlx oh the (i}ualitiesnf Water. Hlustrated 2/0

The Drainage of Lands, Towns, and Buildings.

By . [). Demesey, C.E. Revised, with large Additions on Recent
Practice, by I, K, Crarx, M, I.C.E. Second Eition, corrected . 4/8

Embanking Lands from the Sea.
With Parucatars ol actual Kmbankments, &c. By Jouw Wiccins . 270
The Blasting and Quarrying of Stone,

For Hmldmg and other Purposes. With Remarks on the Blnwmg u
widges. Dy Gen, Sir J. Burrcovng, KLCOB. i)

Foundations and Concrete Works.

Wil Practical Remarks en Footings, Planking, Sand, Concrete, Béion,
File-driving, Cussons, and Coflerdams. By K. Dorson, M\R.LB.A,
Seventh Eduion . . . . . . . . . . 1/8



WEALE'S SCIENTIFIC AND TECHNICAL BERLES. i 4

* Pneumgtics,
Including Acoustics and the Phenomena of Wind Currents, for the Use of
Beginners. By CHariis Tompinsown, F.R.S, Fourth Edition . 9{/8

Land ‘and Engineering Surveying.
For Students and Practical Use, By T. Baxkr, C.E. _Fifteenth Edition,
revised and corrected by J, R, Young, formerly Professor of Mathematics,
Belfast College. Illustrated with Plates and Diagrams . . . 2/0

Mensuration and Measuring.
For Students and Practical Use. With the Mensuration and Levelling of
Land for the purposes of Madern Engineering. By T. Baxer, C.E. New
Edition by E, NucenT, C.E. . . . . . . 1/6

MINING AND METALLURGY

Mineralogy,
Rudiments of, By A, Ramsav, F.G.S. Third Edition, revized and
enlarged, Woodcutsand Plates. ., . . , . | | | a/g

Coal and Coal Mining,
A Rudimentary Treatise on. By the late Sir WaringTon W, SM?TH,
F.R.5, BSeventh Edition, revised and enlarged. . . . . 36

Metallurgy of Iron.
Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu-
facture of Iren and oteel, &e. By Ho Bavekman, F.G.8. With numerous
Hlustrations.  Sixth kEdition, revised and enlarged : . . 8/0
The Mineral Surveyor and Yaluer's Complete Guide.
By W. LinterN. Third Edition, with an Appendix on Magnetic and
Angular Surveying . ' . . . . . ‘ ' . 3/6
Slate and Slate Quarrying:

Scientific, Practical, and Commercial. By D. C, Davies, F.G.8. With
numerons THeserations and Folding Plates. Third Edition . 3/0

A First Book of Mining and Quarrying,

with the Sciences connected therewith, for Primary Schopls and Self In.-
struction., Iy |, H. Conuns, F.G.S, Second Edition . . 1/86

Subterranceous Surveying,
with gnd without the Magnetic Needle. By T. Fenwick and T, BAKER,

C.Pj.illlustratﬁd. . . . . . . . . 2/6
Mining Tools.

Manual of. By WirLiam Morcans, Lecturer on Practical Mining at the

Bristol School of dines . . . . ] . . . . 26
Mining Tools, Atlas

of Engravings to Illustrate the above, containing 235 Illustrations of Mining

Teols, drawn to Scale.  4to, . . . ' . ' . . 4/6
Physical Geology, | |

Partly based on Major-General PorTrock's ' Rudiments of Ceology.”
By Raven Targ, A LS., &, Woodcuts. . . . , go

Historical Geology,
Partly based on Major-GGeneral PorTrock's *' Rudiments.' By RaLen

Tare, A.L.S., &: Woodcuts . . . . . . . . 2/8
Geology, Physical and Historical.

Consisting of ** Physical Geology,” which sets forth the Leading Principles
of the Science; and ** Historicul Geology,” which treats of the Mineral and
Organic Condivtons of the Karth at each successive epoch, By RavLpn

Tate, F.G.5. . : . . . i . . _ ) . A6
Elactro-Metallurdy, )

Practically Treaated., By ALBRYANDEE WaTT NWNinth A2 tiam  swloo 3



N4 WEALZ'S SCIENTIFIC AND TECHNICAL SERIES,

MECHANI]CAL ENGINEERING °

The Workman’s Manual of Engineering Drawing.
By Joun Maxtow, Instructor in Engineering Drawing, Rdyal Naval
| College, fireenwich, Séventh Editiog. 300 Plates and Diagrams . 3/6
Fuels: Bolid, Liquid, and Gaseous.
: Their Analysis aAnd Valuation. For the Use of Chemists and Engineers,
By H. |. gHILLIPS, F.C.S., formerly Avalytical and Consulting Chemist
to the Great Eastern Railway, Second Edition, Revised. . . 210

Fuel, Ita Combustion and Economy. ;
"~ Consisting of an Abridgment of ' A Treatise on the Combustion of Coal and
the Prevention of Smoke.,"” By C, W. Winifamg, A.L.C.E. With Exten-
| sive Additions by D. K. CLARK, M. Iggt. C.B, T lird Edition ~ . 3/6
The Boilermaker’'s Assistant S
| in Drawing, [emplating, and Calculating Bofter Work, &c. H-,E CovurT-
' : NEv, Practical Boilermaker. Edited by I K. Cuark, CE. . 2/0
" Tha Boiler-Maker'a Ready Rechkoner,
' with Examples of Practical Geometry and Templating for the Use or
Platers, Smiths, and Riveters. By Joun CourTnEy, Editedby D, K.
Crark, M.I.C.E, Second Edition, revised; with Additions . . 4/Q

* ¥ The last tave Works tn One Volume, kalf-bound, entitied '* Tue BoiLEr.
e MARKER'S READY-RECKONER AND AsSSISTANT.” By J. CourTNEY and
D, K. CLark, Fricers.

gteam Boilers:
Their Construction and Management. By R. AxMsTRONG, C.E, 1llustrated

1/6

Stepm and Machinery Management.
- A Guide to the Arran;ﬁrnent and Economical Management of Machinery,
By M. Powis BaLe, M. Inst. M.E. s T e . . . . 2/6

- Bteam and the Steam Engine,
T Stationary and Portable. Being an Extension of the Freatise on the Steam
Engine of Mr. J. SEwkrL. By D. K. Cragk; C.E. Third Edivion 3/6

The. Steam Engine, R
A Treatise on the Mathematical Theory of, with Rules and Examples for

Practical Men. By ¥. Bakgr, C.E. . .« + . . 1/8

The Steam Engine.
By Dr. LARDNER. Llustrated . . . e ' . .« 1/6
Looomotive Engines, _
By G. D, Dempsey, C.E. With lagge Additiofs treating of the Modern
- Locomotive, by D. K. CLARK, M. Inst. CE.. . .. . . 30
Locomotive Engine-Driving. ‘
© A'Practical Manua! for Engineérs in charge of Locomotive Engines. B
- MicHAEL REvnNotps, Eighth Edition. 3s. 64. limp; cloth boards 4;’;
' Btationary Engine-Driving. _
| A Practical Manua! for Engineers in charge of Stationary Engines, B
| . MicHaEL REVNELDS, Fourth Edition.  3s 64, limp ; cloth boards. 43‘%

The Smithy and Forge. .

‘ Inciuding the Farrier's Art and Ceach Smithing. By W. J. E. CranE,
Second Edition, revised . . . .« - . .+ . . 2/8

Modern Workshop Practioce, _ ‘ ‘
As applied to Marine, Land, and Locomotive Engines, Floating Docks,
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winrton.
Fourth Edition, Illustrated . . . .+« - . 3/6

Mechanical Engineering. _
Comprising Metallurgy, Moulding, Casting, Forging, Tocls, Workshop
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine,

- &c. By Francis Camein, U E. Third Edition . . . . 216
Details of Machinary.

Comprising Instructions for the Execution of various Works in Irm] in the
i oy e amd BPedler-Vard By Franmcots Campin, C.E. RD



WEALR'S SCIENTIFIC AND TECHNICAL B.ERIEB. 5 ’

‘Elemeniary Engineering: o
A Manual for Young Marine Engineers and ﬁ]:éprenticts. in the Form of
« Questions and Answers on Metals, Alloys, Strength of Materials, &o.
'y J. 5. BREWER, Second Edition . . . . e . 2/0
Power Motion: -
Horse-power Motion, Toothed-Wheel Gearing, Long .4nd Short Drivi
Bands, Angular Forces, &c¢, By James ArMougr, C.E. Third Edition 2/
Iron and Hoeat, ' R -
Exhibiting the Principles concerned in the Construction of Iron Beams,
Pillars, and Girders.. By J. Armour, C.E, . . . . 218
Practical Mechanism, <
And Machine Tools, By T Baxer, C.E. With Remarks on Tebls and

Machinery, by J. Na #x, CE. . . . . .. . 2/8
Mechanios: LT *

Being a concise Exposition of the General Principles of Mechanical Science,

and their Applications. By Cuarres ToMmrinson, F.R.5, . . 1/8
Cranes (The &nn-truntinn of}, -

And other Machinery for Ralsing Heavy Bodies for the Erection of Build- .
jngs, &c. By J'DBIEH GL‘?I{H, R.5, . . . . ] . 1/8
. *

Ll i

—_

NAVIGATION, SHIPBUILDING, _ETC

The Sallor's Sea Book:

A Rudimentary Treatise on Navigation. By Jamzs Gaegnwoop, B.A_.'
With numerons Woodcuts and Coloured Plates. New and enlarged
Edition, By W. H. Rossgr . . . . . . . 216 .

Practical Navigation.

Consisting of THE SA1Lor's SEA-Book, by James GReENwoOD and W. H,

RossER | gegether with Mathematical and Nautical Tables for the Workin

‘of the Prohf:ma by HEnry Law, C.E., and Prof. J. R Young. T/0
Navigation and utical hstrnnnmy, _

In Theory and Practice. By Prof, J. R. Younc. New Edition, 2/8
Mathematical Tables, - *

For 1rigonometrical, Astronomical, and Nautical Calculations ; to which is

gruﬁxed a Treatise on Logarithms, By H. Law, C.E. Together with a

eries of Tables for Navigation afid Nautiagl Astronomy. . By Professor 6
K. Young, Edition ., . ' \

1 . " " . ] 4]’
Masting, Maat-Making; apd Rigging of Shipn.
Also Tables of Spars, Rigging, Blocks; Chain, Wire, and “Hemp Ropes
&ec., relative to every class of vessels. By RoBerT KirriNg, N.A, . "‘E,fd

Sails and Sa.il-h[a.king. .
With Draughting, and the Cantre of Effort of the 5ails. By Ropgrr
KipriNG, Ng.ﬁk. . : . . . . . . . 28

Marine Engines and Steam Yessels, 3
By R. Murrav, C.E. Eighth Edition, lhﬂrl‘lléh]]r Revised, with dfl*
tions by the Author and by GeorGe CarLisLE, C.E, < . e &8

Iron Ship-Building, : .
With Practical Examples. By Joun GranTHAM. Fifth Edition . 4/Q.

Naval Arohitecture:

An Exposition of Elementary Principles. By JAMES PERAXE . 3/68

Bhips for Ocean and River Servioce,:

Principles of the Construction of. By HaAxoN A. SoMMERFELDT.. 1/8

Atlas of Engravings
To IHustrate the above. ‘'welve large folding Plates. Royal 4to, cloth T/8

The Forms of 8hips and Boats.

By W, BLaxD. Seventh Edition, revised, with numerous Illustrations and
u'dEI.E M n . n - & & L] = » ] [ ] 1 I‘E
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ARCHITECTURE AND THE
BUILDING ARTS.

Constructional Iron and Steel Work,

as applied to Public, Private, and Domestic Buildings, By Francis
Camiin, (O, . . . . . ) e . . . 36

Building Estates:

A “'reatise on the Development, Sale, Purchase, and Management of Build-
ing Land, By K. Marreanp,  Second Edition, revised : . 2/0

The Science of Building: N
An Elementary Treatise on the Principles of Construction. By E. Wynp-
HAaM TARN, M.A. Lond. Third Edition, revised apnd -enlarged . 3/6

The Art of Building:

General Principles of Construction, Strength, and Use of Materials, Working
Drawings, Specifications, &e. By Eowarp Dosson, M.R.{.B.A. . 2/0

A Book on Building,

Civil and Ecclesiastical. By Sir Epmunp Beckerr, Q.C. (Lord Grim-
THURFE}, Second Edition . . . . . 4/6

Dwelling-Houses (The Erection of),
IHlustrated Liya Perspective View, Plans, and Sections of a Pair of Villas, with
Specification, Quantities, and Kstimates, By 8, H, IBrooks, Architect 2/8

Cottage Building.

By C. BRucE ALten. FEleventh Kdition, with Chapter on Economic Cot-
tages for Allotments, by E. E, Avien, CE. . . . ' . 2{0

Acoustics in Relation to Architecture and Building:
‘The Laws of Sound as applied to the Arrangement of Buildings. By Pro.
fessor T, Rourr SMitH, F.R.I.B.A. New Edition, Revised . . 1/8

The Rudiments of Practical Bricklaying.
General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ;
Fointing ; Paving, Tiling, &c. By Avpam Hammonn, With 68 Woodcuts

1/6
The Art of Practical Brick Cutting and Setting.

By Apam Hammonp, With go Engravings ‘ . . 1/6
Brickwork :

A Practical Treatise, embodying the General and Higher Principles of
Bricklaying, Cuttinwnd Setting ; with the Application of Geometry to Roof
Tiling, &c. By F. WaALKER . . . . . . . . 1/6

Bricks and Tiles,
Rudimentary Treatise on the Manufacture of ; containing an Outline of the
Principles of Brickmaking, By E. Dopson, M.R.I,B.A.  Additions b
C. Tomrinson, F.R.S5. Tillustrated . ; . . . . . 3;‘6

The Practical Brick and Tile Book.

Comprising: Brick anp ‘T1LE Makixg, by E, Dosson, A.1.C. E. + Prac
tical Brickraving, by A, Hasmmonn; Brickwork, by F, WALKER.
550 pp. with zyo Illustrations, strongly half-bound - . . 8/0

Carpentry and Joinery—
Tne ELEMENTARY PRINCIPLES OF CARYENTRY, Chiefly composed from the
Standard Work of T'nomas Treoconn, C.E With Additions, and TREATISE
aoN JoineEry, by E. W. Tarn, M, A, Fifth Edition, Revised . - a/s

Carpentry and Joinery—Atlas

! .

-
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®*A Praetical Treatise on Handrailing;

Showing New and Simple Methods, By Gro. CoLuings. Second Edition.
* Revised, including a TREATISE ON STAIRBUILDING. YWith Plates . 2/8

Circular Weork in Carpentry and Joinery.
A Practical Treatise on Circular Work of Single and IDouble Curvature.
By GeorGE CoLLINGS. Second Edition . . . . . 2/68

Roof Carpentry:
Practical Lessons in the Framing of Wood Roots. Fur the Use of Working
Carpenters. By Gro, CoLLiNgs ', . . 2/0

The Construction of Roofs of Wund a.nd Iron:

Deduced chiefly from the Works of Robison, Tredpold, and Humber. B
E. WynpHam Taan, M.A., Architect. Second Editinn, revised 1;"%

The Joints Made and Used by Builders,
By WyviLL J. CurisTy, Architect, With 160 Woodcuts . . 3/0

Shoring
And Its Appliuntlun : A Handbook for the Use of Studcnts. By GeorGz
H. BLacrove, With 31 Illustrations . . . . 1/8

The Timber Importer’s, Timber Maruhant’l, and

Builder's Standard Guide.
By R. K. GRANDY . . . .+ + + .« . . . 210

Plumbing:
A Text-Boolk to the Practice of the Art or Craft of the Plumber. With

ChaEltrs upon House Drainage and Ventilation, By W, PaTon BUCHAN,
Sixth Edilion, revised and enlarged, with 380 lliustrations . -C ¥

VYentilation:
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P.
BucHaN, R.P., Author of * Plumbing,” &c. With 170 Iliustratmns 3/6

The Practical Plasterer:
A Compendium of Plain and Ornamental Flaster Work, By W, Kemr 2/0

House Painting, Graining, Marbling, & Sign Writing.

With a Course of Elementary ]_}rawmg, and a Collection of Useful Rece is,
By ELLis A, Davipson. Sixth Edition, Coloured Plates é’

* % The above, in cloth boards, strongly dound, b,

A Grammar of Colouring,
Applied to Decorative Painting and the Arts. By GEORGE FiELD, New
Edition, enlarged, by Evuis A, Davipson. With Coloured Plates . J3/0

Elemeantary Decoration
Asapplied to Dwelling Houses, &c. By James W, Facey. Illustrated 2/0

Practioal House Decoration.

A Guide to the Art of Ornamenta! Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By James W, Facev,

2/6
*® The last two Works in One handseme Vol., half-bound, entitled ** Hovsg
DECORATION, ELEMENTARY AND PR&CTIE.‘LL, pﬂcz 53,

Warming and Yentilation

0f Domestic and Public Euildings, Mm:s, Lighthuuses, Shlps &c, B
CHARLES TomLinson, FLR.S. . . . .-’6

Portiand Cement for Useras.
By HEnrY Farja, A.M, Inst. C.E. Third Edition, Corrected . 2/0

Limes, Cements, Mortars, Concretes, Maastics, Plas-

tering, &o.
By G. R. BurngLr, C.F. Thirteenth Edition . . - 1/6



%  WEALBRS SCIENTIFIC AND TECHNICAL SERIES.

' ’
Masonry and Stone-Cutting. o ¢ -
 The Principles of. Masonic Projeetion and their application to Construgction.
By Ewpwarn Donson, MR ILB:A, . .- IR R 2/6

Arches, Piers, Buttresses, &c.: _ - |
Fxperimental Essays o the Principlas of Construction, .-By W. Branb.

. 1/8

Quantities and Measurements,. st - .
In Rricklayers’, Masons®, Pi terers’, Plumbers’, Painters’, Paperhangers’,
Giiders', Smiths', Carpenters”and Joiners’ Work,- By A. C. Beatoxk 1/6

£

The Complete Measurer: S
Setting forth the Measurement of Boards, Glass, Timber and Stone. By R.
Horrton. Fifth Edition ™ . . , " ., . . . 4/0

** The above, strongly bound in leather, Fricg st

= .

An Intraduction to the Science of Optics. Designad for she Use of Students
of Architecture, Engineering, and other Applied Sciences. By E. WynD.-
Ham I'arx, M.A,, Author of * The Science of Building,” &ec. . . 1/86

Hinta- to Young Architects. -
By Georce WiciTwick, Architect. Fifth Edition, revised and enlarged
by G. Huskisson GUILLAUME, Architect . . « -+ - 3/6

Architecture—Orders "
The Orders and their AEsthetic.Principles. By W. H. LeEps. Illustra‘ll:?E
ArchitectureStyles:
1he History and Description of the Styles of Architecture of Various
Countries, from the Earliest to the Present Period, By T. TaLsoT Bury,
- TF.RILILA. Ulustrated . . . . . . . 2/0

*+* OxDERS AND STYLES oF ARCHITEGTURR, in One Vol., 3%, 6d.

Architecture—Design: - - - -
The Principles of Desigr?"in M'chitatturl:, as deducible*from Nature and
exemplified in the Works of the Greek and Cothic Architects, By Epw.
Lacy GARBETT, Architect. Illustraged . . 2/6

*o¥ The three preceding Works in One handsome Vol., half bound, entitled
“* MODRERN ARCHITECTURE,” price 65, |

Perspective for Beginners.
Adapted to Young Students and Amateurs in Architecture, Painting, &c.
By GEORGE PYyNE . e s . L 210

Architectural Modelling in Paper.
By T. A. Richarpson, With Hlustrations, engraved by Q. JewiTT 1/8

Glass Staining, and the Art of Painting on Glass.

From the {J:rerman of Dr, GESsERT and EmMANvEL OTTO FrRoMBERG., With
an Appendix on T'HE ART OF ENAMELLING . . . 2/8

Vitruvius -The Architecture of,
In Ten Books. Translated from the Latin by Joseru GwiLT, F.S.A.,
F.R.AB., Withzz3Plates ., , . | " ° 7 77 . B/O

N.B.—This is the only Edition of VITRUVIVS procurable at & modervate price,

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Propress of the Art in Greece, By the EArL or APRRDEEN 1/0

" The two preceding Works in One handsome V, ol., kalf bound, entitied
““ANCIENT ARCHITECTURR.” price fis.
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INDUSTRIAL AND USEFUL ARTS.

Cements; Pastes, Glues, and Gums. _
A Practical Guide to the Manufacture and Application of the various
Agglutihants required for Workshop, Laboratory, or Office Use. With.
upwards of gog Recipes and Formula. By H. C, 5STANDAGE «~ . 2/0

Clocks and Wiktcheas, and Bells, "
A Rudimentary Treatise on. By Sir Epmuno Beckrrr, Q.C. (Lord
GrIMTHORPE)., Seventh Edition. . . . . . . 48
The Geoldsmith's Handbook. -
Containing full Instructions in the Art of Alloying, Melting, Reducing,
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels,
&c., &c. By Georce E, GEe, Third Edition, enlarged . . . 30
The Silveramith's Handbook,

On the same plan as the GaLpsMITH's Haxpeook. By Georce E. GEE.

. Swuug dithyy Revieed . . . . . . . . 3/0
WSl last bwo Worky, i One handsome Vol., half-bound, 73,
The Hall-Marking of Jewellery. |
Comprising an account of all the different Assay Towns of the United

Kingdom ; with the Stamps and Laws relating to the Standards and Hall-
Mmﬁcs at the various Assay Offices, By Grcrar E. GEE . . 30

Practical Organ Building.
' By W. E. Duckson, M.A. Seccond Edition, Revised, with Additions 2/8
ﬂmh-}huilding: |
A Practical Treatise. By James W, Burcess. With 57 Illustrations 2/6
The Brass Founder's Manual:
Instructions for Modelling, Pattern Making, Moulding, Turning, &c. E‘g
W, GRAHAM , ., .+  « & . . 2/
The Sheet-Metal Workerls Guide. -
A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with
46 Diagrams, By W. ], B CraxnE. Second Edition, revised A 1/6
Sewing Machinery: |
Its Construction, History, &c.  With full Technical Directions for Adjust-
ing, &¢. By J. W. UrquuarT, C.E. " . . . . . 210
Gas Fitting:
A Practical Handbook, ¥y Joux BrLack, Second Edition, Enlarged.
With 130 lllustrations . . . . . . . . . 2/8
Construotion of Door Locks. _
. From the Papers of A. C. Honps. Edited by CHARLEs Tomrinson, F.R.S.

* L L] [ ]

With a Note upon IronN SaFEs by ROSERT MALLET, Illustrated . 6
The Model Locomotive Engineer, Fireman, an
Engine-Boy.. ’

Comprising an Historical Notice of the Pioneer Locomotive Engines and
their Inventors. By MicnaEL Revrowps,  Second Edition. With
numerous Fllustrations, and Portrait of George Stephenson . 36

The Art of Letter Painting made Easy. .
T. G. BapEnocH. With 1z full-page Engravings of Examples . 1/6

By

The Art of Boot and Shoemaking. |
Including Measurement, Last-fitting, Cutting-out, Clusinﬁ‘and Making. B
Joun Beprorp Leno,  With numerous lllustrations. Third Edition 2}’6

Mechanical Dentistry: o
A Practical Treatise on the Construction of the Various Kinds of Artificial
Dentures, By CuarLes HUNTER., Third Edition, revised . . 3/0

Wood Engraving:

A Practical and Easy Introduction to the Art. By W. N. Brown . 1/6

Laundry Management. ‘
A Handbook for Use in Private and Public Laundries. Including Accounts

of Modern Machinery aad Appliances. Egv the EpiTor of ' The Laundla
Tournal” With numerous Illustrations. Second Hdianon . 2/
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« AGRICULTURE, GARDENING, ETC.

Draining and Embanking: | . '
A Practical Treatise. By Prof. Jouw Scort. With 68 Hlustrations 1/8

Irrigation and Water 'Bupply:

A Practical Treatise on Waler Meadows, Sewage Irrigation, Warping, &c.:
on the Construction of Weils, Ponds, Reservoirs, &c. By Prof. Joux
BcoTT. Witk 34 Hllustrations “ . . . . . 1/8

f‘arm Roads, Fences, and Gates: -

A Pracuical Treatise on the Roads, T ramways, and Watcrways of the
Farm ; the Principles of Enclosures: and the different kinds of F ences,
Liates, and Siiles.. By Prof. Joun ScorT. With 75 Hlustrations . 1/8

| Farm Buildings :

A Pracrical ‘Vreatise on the Buildings necessary for various kinds of Farms
their Arrangement and Construction, with Plans and Estimates. By Prof.
‘Junn Scorr. With s Hastrations ., . ., . . . 210

Barn Implements and Machines:

Treatng of the Application of Power and Machines used in the Threshing-
barn, Siockyard, Dairy, &c. By Prof. J. Scort. With 123 Illustrations.

, 210
Field Implements and Machines:

With Principies and Details of Construction and FPoints of Excellence, their
Management, &c. By Prof. Joun Scorr. With 138 Illustrations 2/0 .

Agricultural Surveying:

A Treatise on Lani Surveying, Levelling, and Setting-out y with Directions
for Valuing Esiates, By Prof, J. Scort. With 62 IHustrations . 1/6

Farm Engineering. -

By Professor Jonw ScorT, Comprising the above Seven Volumes in One,
1,150 pages, and over oo 1llustrations,—= Helfbound . . | 12/0

Outlines of Farm Management. 3 -

Treating of the General Work of the Farm: Stock s Contract Work !
Labour, &c. By R. ScotT Bupx . . . . . 28

Qutlines of Landed Eatates Management.
Treating of the Varieties of Lands, Methads of Farming, Setting-out of
Fatms, Roads, Fences, Gates, Drainage, &e. By R. Scorr Burn. 2/8

¥t The above. Javo Vols. in One, handsomely Aaif-bound, price &s.

Soils, Manures, and Crops. :
(Vol. I. QuTLINES OF MopeEkN FarMING.) By R. Scott Bury . 2/0

Farming and Farming Economy.
(Vel.' II. OurtLines oF Mouean FarMing.) By R. Scott Burn 3/0

8tock : ‘Cattle, Sheep, and Horses.
(Vol. 111. OuTLines o Mobern Farsing,) By R. Scorr Burs 2/8

Dalry, Pigs, and Poultry.
{Vol. 1V. OuTtrines or MoverN FarRMING.) By R. ScoTT Burx 2/0

Utilization of Sewage, Irrigation, and Reaclamation

of Waste Land.
(Vol. ¥. Ourtrines oF MopErn FarMING.) By R. Scorr Burn . 2/8

Qutlines of Modern Farming.

By R. Scorr Bukn. Consisting of the ahove Five Volumes in One,
1,350 po., profusely lilustrated. half-bound et |
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* Bookekeeping for Farmers dnd Estate Owners.
A Practical Treatise, presepting, inThree Plans, a System adapted for alj 4
. classes of Farms. By J. M, Woonman, Third Edition, revised . 2/86
"-v"'-. ! -
Ready Reckoner for the Admeasurement of Land.
By A, Agman, Third Edition, revised and extended by C. Norris 2/Q

Miller's, Corn Merchant's, and Fa.'rmar'n Ready

Reckoner, -
Second Edition, revised, with a Prme List of Modern Flour Mill Machinery
by W, 5. HurTON, GE ' . . e e s . 210

The Hay and Straw Measurer.
New 'l'ables for the Use of Auctioneers, Valuers, Farmem, Hay and Straw

Dealgrs, &c. By Jouw STH.ELE s v e e . 210
Meat Production, = -~ = " -

A Manual for Producers, Dislnhuturs, and Consumers of Butchers' Meat.

By Joun Ewarr 3
Shaap -

The History, Structure, Kconomy, and Diseases of. By W. C. Sroongr,

M.R.V.8. Fifih Ediiion, with fine Engravings . . ) . « 3B
Market and Kitchen Gardening.

By C. W. Suaw, late Iiditor of * Gardening Illustrated* . . 30

Kitchen Gardening Made Easy,

Showing the best means of Cultivating every known Vegctahle and Herb,
&c., with directtons for management all the year round. By Geoaga M. F.
‘GLEHNE’. [ilustrated | . . . . ' . . . 1/8

Cottage Gardening:
Ur Flowers, Eru:.ts, aml Vegetables for Small Gardens By E. Hunn.w.

1/6

Garden Rauaipta.
Edited by Crraxts W. Quin - . . . . + .+ . t/e

Fruit Trees,

The Scientific and Profitable Culture of. From the ®rench of M. Du
Bretin, Fourth Edition, carefulty Revised by Geokce GLENNY. With
187 Woodcuts . . . : . . . . - . 36

The Tree Planter and Plant Propagator:

With numerous Illustrations of Grafting, Layering, Budding, Implcmems,
Houses, Pits, &c. DBy Samver Woon v e N ELO

The Tree Pruner:

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Cllmhcrs and
Flowering Plants. With numercus lllustrations. By SamveL Woor 1/§

Y The above Two Vols. in One, handsonrely halfbound, price 3s. Gd

The Art of Grafting and Budding.
By CHArLEs BarTRt. With Hlustrations. . . . . ., 2/8
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MATHEMATICS, ARITHMETIC, ETC.
Ddlpri tive Geometry, =

An Elementary Treatise on ; with a Theory of Shadﬂws and of Perspective,
extracted'from the French of G. MoNGE. J'.o which is added a. Description

of the Principles and Practice of [sometrical Projection. By _] . HEATHER,
M.A., With 14 Plates e S T~ J{ &

Practical Plane Geometry:.

Giving the Simplést Modes of Cnnstrun:tmg Figures contained in one Plane
‘and :nme:trm:l Construction nf the Grnuud B]fj F. HEATHER, M. A.

"With 215 Woodcuts . . %, &, . . 2/0

An a.lxtioa.l Geometry 'n.nd u* Eeatiunl,
A Rudimentary Treatise o ¥s HanN. . A New Edition, re-
. w:ltteulmd :nla.rgl:d by Pr Essnri Ydﬂﬂﬁ . I 2/0

Euclid (Thé Elements ofy. '

With*many Additional Propositions and Explanatory Nﬂtes ; »t0 which is
prefixed an Introductory Essay on Logic. B},r Henry Law, C.E. . 2/8

YW¥ Sold alse separately, vial— -
Euo]j’.d. The First Thrce Books. By Hewry Law, C.E.. . . 1/68

Euclid, Books 4, 5, 6, 11, 12. By Henry Law, CE. . | . 1/8
Plane Trigonometry,
The Elements of. By James Hanw . e ' ’ . 1/&6

S8pherical Trigonometry, -
| The Elements of, By JaMmes Hann. Revised by CuarLzs H. Dow.
LivG, C.E. . ; 64’,0
Y X Or with " Thy Elements of Plane Tﬂfaﬂﬂmffrjr, in One Valume, 2s.
Diffarantia.l Caloulus, '
Elemaents of the. By W, S B. WooLHouse, F.R.A.S., &c .« 118

Integral Caloulus. : S
By Homerswam Cox, Ba. . . . . . . - . 1/0

!.lgihfﬂ., P ._;.*-—. O . . o . .

The Eiements of. By Tames Happon, M.A, With Appcndul; gontain-
ing Miscellaneous l'nvest:gatmns, and a collection of Problems . . 2/0

A Kay* and Cpmpanion to the Above, -
gn gxtensive. repository of S&‘I\r:d- Examples and Problems in Alg:hra
R. Youne. . e e e 1/8

Gnmmarnm.l "Book- kaaping
With Commercial Phrases and Forms in English, French, Italian, and
German. By JAmzs Happow, M.A.. . . ., . . . 1/8

Arithmetio,

A Rudimentary Treatise on. With full Explanations of its Theoretical
Principles, and numerous Exampies for Practice. For the Use of Schools
and for Self-Instruction, '],; idR‘ Young, late Professor of Mathematics

in Belfast Oailege. Elevent ition, .-+ .+« . . . 1/6
A Key to the Above.
By J. R, Younc ., s e e e e . . 1/8

Equatinna.l Lrithmatiu,

Applied to Questions of Interest, Annuities, Life Assurance, and Genera
Commerce ;, with various Tables b}r whieh all Calculations may he greatly

facilithted. By W, Hoesoey . . . . . ., . . 20
Arithmetic, |

Rudimﬂt‘ttar};, for the Use of Schools and Self-Instruction. By JaMEs

Happow, M.A., Revised by ApraHAM ARMARN . v . « 1/G

A Key to the Above.
¥ A. ARMAN . .- . ‘. o 1/8
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Mathemationl Instruments: _
Their Construction, Adjustment, Testing, and Use concisely explained.
By J. F. HeaTtuer, M.A., of the Royal Military Academy, Woolwich.,
Fourteenth Edition, Reviged, with Additions, by A. T. ‘-’Vu.msl.av,
»”~ M,ILC.E. Original Edition, in z vol., Ilustrated: . . ., . 2/0
** In ordeving the above, be carefui 18 say “‘|Original Edition,” or sive the
nsismber tn the Series (32), to divtinguisk i} from the Edlarpged Edition in
3 vols, (Nos. 168-g~70). ‘ o

Drawing and Measuring Instruments,
Including-~I; Instruments employed in Geometgical and Mechanical Draw-
ing, and in the Construction, Copying, and Measurement of Maps and
Plans. II. Instruments used for thepurposes of Accurate Measurement,
and for Arithmetical Comphutations. By J F. Hrararg, M.A. | 1/6

Optical Inltrﬁmahﬁm?;";r 1 c&pe ierbecorie. £ Aas ¢
Including {more espécially) Teles s, Micrdscopes, amfl Appagatus for
ﬁudutinﬁ copies bﬂﬁps and ans by f'butng;aphy. ! By J. F. HEATHER

-ﬁ- - I l-litl"ltﬂd ) . L, * l'::‘:. L -111-*#;#1% :.. ) .é " (] 1"‘6
¥ BORT e .

Buhnyin! and Adéronamioal~Ingtruments. L
Including—1, Instruments used for Determining the Geometrical Features

of a portion of Ground. II. Instruments employed in Astronomical Ob.

servations, By J. F. HEaTHER, M,A. Illustrated . . S . 18

¥ * The above three volwmes form an enlavgement of Ve Author's original work,
" Mathematical Mnstvuments " price as. {See No. 33 in the Series.)

Mathematical Instruments: -
Their Construction, Adjustment, Testing and Use, Comprising Drawing,
Measuring, Optical, Surveying, and Astronomical Instruments, By J. F.
HeaTHEr, M.A. Enlarged Edition, for the most part entirely re-written,
The Three Parts &s above, in One thick Volume Y . B

The Slide Rule, and How to Use It.

Containing full, easy, and simple Instructlogs to perform :‘11 Business Cal.
culations with unexampled rapidity and aceuracy. By Cuarurs Hoarz,
C.E. With a Sljide Rule, in tuck of r:.EliI*.*.-r.iii KFitth Bdition. .. . 2/6

Logarithmas,

With Mathematica) Tables for Trigonomagrical, Astronomical,~and Nantical
Caloulationy. *Hy Hewxy Law, C.E. Reyised Edition,., . . 30
Compound Interest and 'ﬁnuit.iau (Theary of).
With Tables of Logarithms for the more Diffieuit Computations of Interest,
Discount, Annuities, &c., in all their Applicatioffs and Uses for Mercantile
and State Purposes. By FEnor Fuoman, Paris. - Fourth Edftion . 4/0

Mathematioal Tables, )

For Trigonometrical, Astronomioal, and Nautical Calculagions § to which is
refixed a Treatise on Logarithms. By H. Law, C.E. ‘Fogether with a
eties of Tables for Navigation and Nautical Astronomy. Uy Professor J.

»

-l

R. Young, New Edition . . . . - . . . 410
Mathematics, : ~

As applied to the Constructive Arts,. By Francis Camein, C.E., &c.

Second Edition . . . . . . e . 30
Astronomy. . - T

By the late Rev. Roserr Main, F.R. S, Third Edition, revised and cor-

rected to the Present Time. By W, I'. LynnN, F. R.A.S. . . . 20

Btatios and Dynamics,
The Principles and Practice of. Embracing also a clear development ol
Hydrostatics, Hydrodynamics, and Central Ferces. By T. Bakax, C.E,
Fourth Edition . . . ‘ . . . . . . 1/6
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BOOKS OF REFERENCE AND
MISGEL;ANEOUS VOLUMES.

A Diotionary .nf-Pa.tnter:, and Hamdbunk for Piﬁturn

Amateurs. - -
Reing a -Guide for ?is:tﬂrs to Public ami .Prw:at:’ Plcturu Galleries, and for
Art-Students, including lossarypf Terms, Sketch of Principal Schools of

Paintipg, &c. Hy HILIPPE;,DA.R?L B.A. . . s . 216
Pa.intin% Pn(?ula.rl§ Explained.
a

vLLIcK, Painter, and Jowy. Timas, F.5. A. Inéludin . Fresco,
ﬂ:l Mmm, Water Colowr, Water-Glass, Tempera, Encaustic, Miniature,
Pamtmg on Ivory, Vellum, i’bttery, Enamel, Giaﬁs, &c. Fifth Edltion Efﬂ

A Dictionary of Terms used in Architecture, Build-
ing, Engineering, Mining, Meatallurgy, Arohee-

ology, the Fine Arts, &ec.
By Joun WIMLE Sixth Edumn Ed1ttr.l by R-::-BT Huxt, F.R.S.

Numetous Iﬂustra.tinns . - . BIO
Musio: . T ‘ ; ‘
A Rudlment,ary and . Practical Treatise, 'With 'numarnus Examplas.
CHARLES CRULD Srﬁuun . s v ek - é
Pianofortae, . |
- The Art of Plagng the. With num:mus 'Exercius-fmd I;essuns
~ CHARLEs CHIpD H.EBCER o e s . é
) ; ' . ]
The House Mn.na.gar. L

ing,. Houngehold Work, Dair hjlanaguncnt Cellarage of Wines, Houme-
brewing and Wine-making, Stable Economy, Gardening Operations, &ec,
By An OLD Hnusnu#amn . . e 3!5

Manual of Dumantiu Medigine.

By R. Goooing - M.D. Intended as a FE;TIIIIY dulde in all l:a'ieq of
Acmdent and*Emétgency Third Edition, carefully revised | . 210

Hma.gamant 6f Health, . | |
- A Manual of Home and Personal Hygiene, By Rev, J_AMEE Bairn 1/0

Being & Guide to H?E‘keepmg Practlr:al Cunlccr}r, Pn:k'lln aﬁd Preserv-

Natural Philosophy, s
For the Use of Legmnﬂrs By CHarLes TDHLIHEGH, FR S, . 1/8
The Electric 'I'-alegra. h, . . .
Its History and ngre:-.s With Dcsmptlm of some of the Apparatus
By R. Sapine, CE., F.8.A,, &c. N 3/0

- . -

Ha.ndbnnk of Field Fnrtiﬂca.tinn.
By Major W. W, KnoLLvs, F.R.G.8; With’ :ﬁ; Wooﬂcuts < . 310

Liogia, | s
Pure and Applfed. By'S, H, EHE}EH‘E ThirclEditinﬂ e+ . 116

Locke on the Human Underastahding, .
Selections from, » With Nates by S. I‘LEHHEHE C . . 1/8

. The Gnmpandinuu Cidleulator - =

(Intuscive Caleulations).” Or Fasy and Cﬂnmmp Methuds of Perfnnmng the
varipus Argthmetical Operations required in Commercial -and Business
I'ransactions ; mgf:ther with Ugeful Tables, &: By DaNglL O'GorRMAN.
Twenty-seventh Edition, carefully revised byC. Nogmis. . . 2/8
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Hmzuul, Waightn, and Muna I of all Nations.

With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
. By W, 5. B. WooLnousg, F.R.A.8,, ¥.8.8, Seventh Edition . 218

Gt;a.mmu of the En wglinh Tun gue,”

kent ahd Written. h an lotroduction to ghe Study of Cumparntwc
ﬁo lology. By H;m:r. CLarkE, D.C. L, Fifth Edidon. . . 1/6

Dictionary of the English Langua.ga uee
. As Spoken and thtan. Lﬂntainmg ahuva lnn,am Words. "By Hvos
Cumr.n, p.C.L . oo, . a/e

Camﬂrff with the {hﬁumnz" .“i v . . B/6
Composition and PundtuatioH, .

Familiarty Explained for those who have neglacted the Study of Grammar.
By JusTiN BrENAN. 18th Editioh . .. .o, . 1/86

French Grammar. ’

With Complete and Concise Rults on the Genders of French Nuuns* By
G. L. Srtravss, Ph.D. . . . . . . . . 1,-’%

Franch-English Diutiunar‘y

Comprising a Jarge number of Hew Terms used in Engineering, Minin

~ &ec. By AvurRED Erwes e e R ¥
English-French Dintiumy T .
By AvFrEDp ELwes ; s e e s e . 210
French Dintimgr » | I
The two Part ove, complete. n 'Dnc: Vol. e T -« 30

ey {lrw:?& faEa GRAMMAR, 4/8.
Franuh and Englf‘nh Phra.sa Bou#.

Containing Introdpctory Lessons, wit un:;VﬂcahuI'arlﬂ of Waords,

Collection of Bhrases, and Emfl'amll:a lalo uc:! . . 1/8
German Grianmmmar, -

Adipted for “English” Stugdents, Yrom Heysb's 'Iheuret;na.l and Practical

Grammar, by Dr. G, L. STraAUss . - . 1/6

German Triglot Dictionary.
By N. E. 5. A. Hasmicron.  Part . German-French-English. Part II

English-Geérmaa-French.” Part [IX. French-German-English . . 30
German Triglot Dictionary v
{As above), Together with German Grammar in One Volume . . 80

Italian Grammar
Arrangedm"l wenty Lt:asnns,rwuh Exercises. By ALrkEp Erwes. 1/8

Italian Triglot Dintinna:ry,

Wherein the enders of all the ltalind and Frengch Nouns are carefully
noted down” By ALFrEn FLwes. Vol 1, lalian-English-French . 2/

[talian Triglot Dintmnﬂ.r;r. ' )
By Avveer-ELwEs. Vol 3, - Buglish- Ffem.hdl:n.lmn L. . 218

[talian Triglat  Dictionary. "

By ALFreD Eiwes., -Vol. 3. French- Itahan-Engllih . . 2/6

Italian Tri?lnt Diutiuna.ry . .
(As above). - In One Vol. . e . T8
Spanish Grammar. ) - ’

Ina "-umple angd Vracrical Form. With F'utl‘{:hl"‘i. ‘hy Arrrrn ELwes 1/6
Bpanish- En‘lish and English-Spanish Dictionary.

Includine a large numtber of Techinica! Terme.ised tn MMinino ol nes e
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' Portuguess Grammar,

In a Simpie and Practical Form. With Exercises, By ALexEp ELwlR  1/6

Pnrtuguale-Engléilh' and English-Portuguese Dio-

. Including a large number of Technical Terms used in Mining, Enginesring,
&c., with the proper Aecents and the Gender of #very Noun. By ALFRED
Evwes. Third Edition, revised .- . . . Pt . » BID

: * ¥ Or with the GRAMMAR, T/0. :

Animal Physics - o |
Handhaook of. B’y Dionysius Larener, D.C.L.  With 530 Illustraticns.
In One Vol. {732 pages), cloth boards . . . . ) . . Ti8

*>* Sold wlso in Twe Parts, as follows —
AniMAL Prysics, DBy Dr. LAroner. Part 1., Chapters L—=VII. 4/0
AnimaL Puvsics. By Dr. Larongr. Part 1., Chapters VIIL.—XVIII,

‘ 3/0

ARADBURY, AGNEW, & 0. !.0n, PRINTERS, LONDON AND TONBRIDGR.



