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PREFACE.

T HE practical development of aérial navigation is

slow relatively to other modes of locomotion.
The chief cause lies in the fact that any disaster is
nearly sure to be fatal to human life, and although
ocean navigation is attended by a certain amount of
danger to both life and property, the risk is minimised
by the adaptability of boats, lifebuoys, and a consider-
able portion of the dfris incidental to shipwrecks, to
float upon the surface of the water and sustain the
survivors, It is true that in many cases, in the present
stage of rapid ocean transit, such life-saving appliances
are not always available or successful, but the existence
of them engenders a degree of confidence which has as
yet no counterpart in aérial navigation.

There have been disasters in this enterprise—as there
always will be, to the end of time, whenever man seeks
to conquer the unknown. In olden times; when to the
adventurous Pheenician navigator the unknown waste
beyond the Pillars of Hercules was the edge of a
veritable Plutonian abyss, men went forth and returned
no more. And the wise City Fathers at the gates of
Tyre prophesied this and that sad fate to the blas-
phemous sceker of the secrets of the gods. How many

103845



viii PREFACE.

stark ribs and frames of erstwhile stout galleys strewed
the Tonian coasts ere the Pillars were won and the
far-off Casseritides reached. No Lloyd’s agencies, no
shipping news, then existed to supply the record ; but
we may feel assured that the City Fathers expressed no
astonishment, but accepted the fact literally when once
accomplished. The ocean greyhound is now an cvery-
day sight, and the air-ship will soon cease to cause
astonishment.

Since recent successful experiments and commercial
enterprise have combined to render aérial navigation
a prominent feature in progressive science, no apology
is needed in introducing the present volume, which
treats of the laws governing flight as exemplified by
animals, birds, and insects, and of the construction of
dirigible balloons, aérostats, aéroplanes, and aéromotors
to be synthetically deduced therefrom and illustrated by
various types already made.

We admit the air-ship in practice to combine the
aérostat, aéroplane, and mechanical propeller, and to be
absolutely safe, but the exact proportions cach must
bear to.the others is not within the province of a work
the aim of which is to convey elementary instruction in
a popular manner ; and this also applies to the aéroplane,
the term here being applied in a broad sense. When
the area of the plane is subdivided into aérocurves, or
rcactionary surfaces of which the curvilinear construc-
tion is based upon the cissoid curve, the elaborate
calculations governing this would be out of place. And
in a similar manner we do not go into the intricate
problems relating to the screw propeller in air, and its
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reaction upon curved aéroplanes, but have endeavoured
to present in readable fashion a thoroughly practical
basis upon which the air-ship may be constructed and
understood in its action. y

From a commercial point of view the advantages to
be derived from any increased speed due to aérial navi-
gation as against other modes of locomotion are not
immediately apparent, except for light postal services.
The aéromotor or air-ship will always be of great value
in naval and military tactics, and for Ordnance surveying
purposes, still with exactly the same effect that applies
to seagoing navies and war-craft generally—that is, each
Power, whilst proceeding upon the defined primary lines
of construction, will strive to possess the best aérial navy,
and this spirit of competition will be good for inventors
and for commerce generally.  Aérial navigation can
only effect a revolution in international matters by the
discovery and application of the neutralisation and
regulation of the force of gravity. Given this as a secret
under the control of a peaceful and highly civilised
Power, and war and its concomitant horrors would be
a story of the past.

The true co-ordination of physical phenomena brings
creative imagination to bear upon the dead side of the
world turned to us, and causes us to comprehend the
pulsations of its real life beyond the screen of materialism.
So co-ordinates light, electricity, magnetism, and each
new imaginative construction brings us nearer to the
conception of a living universe. As an instance, we may
take the now well-known “cathode rays,” where force
takes material embodiment, and we see that all apparently



X PREFACE.

quiescent matter is rcally energy at work in various
forms; and again, there are the hitherto undeveloped
mysteries of radiation.

The attraction of gravitation up to the present time
has not co-ordinated with other forces, and there may
yet be a mode of applying known forces in aérostation
in this wide and all but untrodden field of research.

FREDK. WALKER.

OXFORD, 27nd _June 1902.
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THE LAWS OF FLIGHT.

Fundamental Laws.—There is a certain condition
of moving bodies which affords a general measure of
their force. When a moving body is directly opposed
by a wis mortua, such as a pressure or resistance like that
of gravity, the measure of such vis mortua required to
neutralise the force and bring the moving body to rest
must form the basis of the measurement of the force.
The problem to be assumed is, in measuring the said
force, to consider in which of its different capacities is its
effect to be measured. If the length of the line which
the moving body describes against a uniform resistance
be taken as the effect and measure of the force, the force
is as the square of the velocity. Taking the resistance
to be that exerted by gravity, the estimation of the force
becomes definite, and is measured in terms of the square
of the velocity. And a body in true flight must be
capable of motion in both directions, against the air
resistance in one case and gravity in the other, and the
force must be continuous, as will be seen hereafter.

Natural Flight—The method of rising and pro-
gressing in the air varies according to the requirements
of the animal, bird, or insect provided by nature with

A
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wings, Such birds as the condor (Sackeramphus gryphus)
and the albatross (Diomedea exulans) are capable of
extended flight, the former poising as it were in the
air at an altitude of over 10,000 ft, and the latter
following a ship for a thousand miles. The wing surface
of these birds is oblique, so that a rapid horizontal move-
ment is attained. This movement, being diagonal or
spiral, as the case may be, carries the bird upwards, and
wherr it drops, by partially closing its wings, it does so
in a diagonal direction with great rapidity, acquiring
such momentum as to carry it upwards again. - And the

equipoise of the body is so sensitive, depending as it
were on the fulcrum of the wings, that the long flight
is maintained without an apparent flap. Soaring birds,
such as the skylark, have the wings set horizontally when
extended, in order to effect the upward flight in nearly a
vertical direction.

The osseous framework of these wings is shown by
Fig. 1. The humerus c articulates with a cavity between
the coracoid bone & and the scapula a. It is directed
backward in repose, approximately parallel with the spine.
The Aumerus articulates at the opposite extremity with

-
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the cubitus or forearm, which is composed of the w/na d
and radius e, and is so jointed as to fold when at rest in
a direction parallel to that of the /Aumerus. The carpus
consists of two small bones £, / placed between the outer
extremity of the cubitus and the metacarpus g, which
consists of two bones united at both ends. From the
anterior edge of the metacarpus projects the pollex /r and
two digital bones or phalanges ¢, j. These latter are
analogous to the fingers, and the po//ex to the thumb of a
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hand: The pectoral muscles operating the fumerus are
immensely powerful, extending from a deep sternum or
breast bone, shaped like the keel of a ship.  This qualifies
the enormous expenditure of force which takes place
when the body is not only supported but raised and pro-
pelled through the air. The bones of a bird are not only
hollow, but in direct communication with the lungs,
which admits of a constant supply of rarefied air, of less
density than that surrounding it. Also the genecral
structure affords the maximum of strength combined
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with the minimum of weight. The skeleton of a condor
measuring 6 ft. 4 in. over the tips of the wings, when
newly articulated, and before the moisture had evaporated,
was only 9.7 oz.

Referring to Fig. 2, the arrangement of the feathers is
shown, the primaries P springing from the dZgé¢s 7, 7 and
the metacarpus g, as shown by Fig. 1. The secondaries s
take their origin from the cuditus, and the spurious wing or
alula SW springs from the pollex or thumb. The expan-
sion and contraction of the muscular system, in which the
primaries and secondaries are held by their extremitics,
cause a semi-rotary movement to be imparted to each
feather simultaneously with the movement imparted to
the Lumerus by the pectoral muscles. In all cases the
motion due to the action of the wings must be such that
the air is struck with less force during the up-stroke than
during the down-stroke; otherwise the effect of the
former would neutralise that of the latter. Thus the
semi-rotary movement of the feathers before-mentioned
causes the surface of the wing to be altered upon the up-
stroke, by turning the feathers so as to present the edges
to the air, closing them to present a flat surface on the
down-stroke. This is analogous to the movement called
“feathering ” in rowing, and also in using paddle wheels.
Referring to the fundamental laws at the commencement
of this chapter, it will be seen that the resistance varies
as the square of the velocity of the stroke. Hence, if the
down-stroke be made at three times the speed rate of
the up-stroke, the resistance is nine times greater. But
as this only operates during one-third of the time, it is in
effect equal to three times that which operates against
the up-stroke. Therefore the alteration of the effective
area of the wing at each portion of the double stroke is
essential to flight.

In the case of the flight of bats (Vespertilio) the
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method of varying the surface area is necessarily different,
since a soft membrane takes the place of fcathers.

The general structure of a bat’s wing is shown by
Fig. 3. Here the cubitus d articulates with the fumerus c,
and carries the phalanges i, 7, # and a hooked thumb /.
The hinder legs / terminate in a single hooked phalange,
and the tail ¢ supports the caudal membrane, which by
deflection enables the animal to steer its flight. The
method of flight is to rise by flapping, the up-stroke

being made with the wing surface diminished and the
membrane slackened by partial closure of the phalanges
7, 7, #, in the same manner as in the case of the flight of
birds. The bat swoops downwards with extended wings,
fully stretched, and by a sudden deviation ascends again
diagonally, impelled by the acquired momentum of the
rapid ascent. Or the animal may fly in a spiral or
curvilinear direction. The sense of equilibrium is highly
developed, and the darting flight is sustained for hours
without the necessity for alighting.
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The pterodactyl, a huge flying lizard, now extinct,
had wings of this description, and its method of flying
was undoubtedly the same.

The flight of insects variecs somewhat, and although
the power is exerted in the same ratio relatively to
resistance and velocity as in the cases before-mentioned,

the higher velocity of displacement of air alters the con-
ditions. When a volume of air is displaced by a series
of infinitely rapid vibrations, the wave effect is that of
the waves given off from the striking surface of the wing
at a high velocity and the incoming waves to fill the
displacement at a less velocity. Air delivered at a high
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velocity in this manner partakes of the attributes of a
fluid under similar conditions, that is to say, it is sprayed
or atomised, and to a certain extent, rarefied. This
phenomenon is of importance when studying the flight
of coleopterous insects.*

Fig. 4 shows the arrangement of the organs of flight
of the common stag beetle (Lucanus cervus), in which
the anterior wings or e/yfra are corneous in structure,
presenting a convex outer surface and a concave inner
surface. The elytra a form cases for protecting the
membranaceous posterior wings 7 when closed and in
repose, and the muscles of the thorax x merely allow of
opening and closing, or remaining rigid in either position.
The true wing is the posterior w, and consists of two
layers of thin membrane, one superimposed above the
other, and covering intersecting ribs or nervures, which
form the framework and the source of vibratory motion.
These nervures, which to the unassisted eye appear like
thrcads, are of varying thicknesses, the thicker nervures
passing horizontally through the wing, and the thinner
ones intersecting them. The upper faces of the nervures
are of a horny structure and adhere closely to the upper
membrane, but the under surfaces are not so intimately
attached to the under membrane, and are flattened.
Thus the under membrane may be separated by skilful
dissection for purposes of microscopic examination.
Thesc nervures are tubular in form, tapering toward
the end or edge of the wing, and within them is disposed
a spiral elastic tube, with the inner end communicating

* This theory of vibratory flight is due to M. Chabrier, and
explained in his “Essai sur le Vol des Insectes,” and carries a
certain amount of probability, which has not, by reason of the
extreme delicacy of such a mechanical test, been put to the proof
of experiment, The subject is worthy of further research,
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with the lungs, or an air vessel controlled by muscles so
as to dilate or contract at the will of the insect. This
spirally rolled tube constitutes a trachea. Thus the air
is struck as it were by the flattened stretched surface at
one period of the vibration and slackened at the other
period. The terms up-stroke and down-stroke are not
applicable to a vibrating surface which changes its
direction and character many hundreds of times in a
second of time. When we consider that the thorax , y
(comprising the prothorax, mesothorax,and metathorax)
and the extended claws z are of considerable bulk, and
also extend beyond the fulcrum of the wing , it is idle to

Fig.5.

conceive that the anterior fixed wing or elytra a is not an
organ of suspension, if not of flight. It will be scen that
the outer nervure or rzadius ¢ terminates in a branch 4,
the stigma, which forms a junction with the second
nervature or cxbitus. Since the radius ¢ is thicker than
the other nervatures, it forms with the stigma a cup or
concavity approximately fitting the edge of the e/ytra a.
Thus, referring to the diagram, Fig. 5, in which the
wing w is tense, and vibrating downwards, the direction
of the air currents diverted into a is shown by the arrows,
and when the wing w is slackened at the other period of
vibration, the cup formed by the junction of the radius ¢
and s#gma d approximately closes the posterior edge of
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the elytra . We have scen that air displaced at a high
velocity is subject to rarefaction, and thercfore is lighter
than the surrounding air. These conditions cnable the
rigid elytra to support the projecting organs. Although
the coleoptera are distinguished by a trunk of consider-
able bulk, it is owing to its membrano-cellular structure,
of extreme lightness, and the organs for the diffusion of
air, permeating the whole organic formation, render this
type of insect capable of a tolerable range of flight.

The wings, and consequently the conditions of flight,
vary according to the general shape and bulk of the
types of insects, since, in the case of the hemiptera, the
elytra are semi-corneous or coriaceous, forming a vibra-
tory anterior wing, and at the same time, by reason of
their leathery structure, constituting a sheath for the
posterior wing, of membranous consistence. In the lepi-
doptera and hymenoptera the anterior and posterior
wings are alike. Referring to Fig. 6, which shows the
disposition of the nervures of the wings of hymenoptera,
in B the 7adius or chief nervure @ and the cubital nervure
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4 join to form the stigma ¢. These being the primitive
nervures, other lesser nervures termed drachial g, spring
from the thorax towards the extremity of the wing. In
B a radial nervure & springs from the stigma ¢ to the
anterior edge, enclosing by an intersecting nervure a
membranous space called the radial cell a (sketches A
and C). Cubital cells b and e are similarly formed. The
brachial nervures and their branches form Jumeral cells
/2, D, by intersection, and also discoidal cells 7, A, ¢, and
extensions of the brackial nervures g towards the pos-
terior edge of the wing, starting from an intersecting
nervure, are termed recurrent nervures f, B. Now the
theory of flight in the case of such wings is upon the
presumed alternation of dilation of the radius and cubitus
together, and the brackial nervures together, thus forming
a wave-like undulation of the surface from the anterior
to the posterior edges of the wing at an approximately
right angle to the longitudinal nervures. The progress
of the insect during flight is, according to this theory,
due to a rapid displacement of air in a given plane, the
actions of rising and falling being effected by an altera-
tion of the angle of the surface in the thoracic articulation.
To describe the motion in plain language, it may be said
that the wing surface rests upon a rapidly moving film
of air rarefied by the velocity of impact, the rarefaction
and movement being derived from the undulatory motion
due to alternate dilations of the spiral internal nervures,
the alternations being performed at a high velocity. In
its proper place it may be shown how artificial flight
may be mechanically produced in exactly the same
manner.

The membranous skin uniting the fore and hind legs
of the flying opossum (Pataurus sciurus) and other so-
called flying animals, simply acts as an aéroplane or para-
chute enabling them to drop from a height and travel
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across a certain space laterally whilst doing so. In the
opposition of a wind current, ascension may be cffected
by angular steering assisted by the momentum acquired
by the fall. Flying fish (Zxocetus) arc provided with
extended pectoral fins which form aéroplanes, and enable
them to skim from wave to wave.



CHAPTER IIL

AEROSTATICS.

The Atmosphere—The elastic medium called air
forms a sheath as it were around the earth from 40
to 50 miles in thickness. Air being an elastic fluid, the
particles thereof repel each other with a force varying
inversely as the distance of the centre of the particles
from each other. Therefore the volume and conse-
quently the pressure depend upon each other. The
law of altitudes and densities is as follows :—

Take the altitudes above the surface of the earth in
arithmetical progression, the equivalent denstties will be
in geometrical progression decreasing.

Thus, if at a certain altitude above the earth’s surface
the density of the air be one-half that of the surface
density, at twice the altitude the density will be one-
fourth of the surface density. The height is measured
in these terms by a barometer, which is constructed
upon the basis that the atmosphere at sea level will
support a column of mercury 30 in. in height at a
normal temperature of 64° Fahr. This corresponds to
a pressure of 14.72 lbs. per square inch. It is necessary
to consider the barometer as an instrument for measuring
the height above sea level, and also of external surface
pressure. The usual form of barometer used is that
known as ““aneroid,” the action of which depends upon
the variation of external pressure upon an exhausted
corrugated cylinder in which nearly a perfect vacuum
has been formed. An index, reading inches of mercury,
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feet in height above sea level, and pressure is delicately
connected to the exhausted cylinder, which expands
under decreased atmospheric pressure and indicates the

degrees upon the dial.

Air is sensitive to variations

of temperature, and the barometrical readings have to
be corrected accordingly.

At the sea level the air pressure is 2119.8 lbs. per
square foot, and the following table shows the decrease
at different altitudes :—

Barometer, | Altitude, Pounds, Barometer, | Altitude, Pounds,
Inches. Feet. Square Foot. Inches. Feet. Square Foot.
29.5 351 2091.0 20.0 10,593 1413.2
29.0 872 2055.7 19.5 11,254 1377.8
28.3 1,340 2013.7 19.0 11,933 1342.5
28.0 1,802 1978.4 18.5 12,630 1307.1
2k 2,273 1943.1 18.0 13,346 1271.8
27.0 2,753 1907.8 17.5 14,082 1236.5
26.5 3,241 1872.4 17.0 14,839 1201.2
26.0 '3,739 1837.1 16.5 15,619 1165.8
25.5 4,276 1811.8 16.0 16,423 1130.5
25.0 4,763 1776.5 15.5 17,252 1095.2
24.5 5,291 1731.1 15.0 18,109 1059.9
24.0 5,830 1605.8 14.5 18,995 1024.5
A3 6,380 1600.4 14.0 19,911 989.2
23.0 6,942 1625.1 13.5 20,862 953.8
22.5 7,516 1559.8 130 21,847 918.5
22.0 8,103 1524.5 12.5 23,412 883.2
21.5 8,704 1519.1 12.0 23,874 847.9
21.0 9,319 1483.8 11.5 24,984 812.5
20.5 9,948 1448.5 11.0 26,142 T2

The altitude may always be computed from the
barometer rcadings according to the formula

4771 —b % 6.000 X t=A.
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Where 4771 is 30 log. and d=log. of barometer reading
in inches, Z being the temperature correction according
to the following table, and A the altitude in feet.

TABLE SHOWING VALUES OF ¢ DEGREE FAHR.

8 8 g 8 8 s

“ 8. “ i 8. &

W2l 4 |@8| o |85 4 |®F| & |@E| . | 5| ¢
ars o= =g e (=l =

40 | .973 | 64 | 1.000 | 88| 1.027 112 1.053{136]| 1.080|160]|1.106
42 | .976 | 66 | 1.002 | 90| 1.029 [114]1.055| 138/ 1.082 | 162 | 1.108
44 | .078 _68 1.004 | 92 1.031{116|1.057 | 140| 1.084 | 164 | 1.111
46 | .980 | 70 | 1.007 | 94| 1.033 | 118 | 1.060 | 142 | 1.087 | 166 | 1.113
48 | 982 | 72 [ 1.009 | 96| 1.036 | 120| 1.062 | 144 | 1.089 [ 168 | I.115
50 | .984 | 74 | 1,011 | 98] 1.038 | 122 1.064 | 146 | 1.091 | 170 1.117
52 | .987 | 76 | 1.013 |100| 1.040 | 124 | 1.006 | 148 | 1.093 [ 172 | I.120
54| 989 | 78 | 1.016 {102 1.042 | 126 | 1.068 | 150| 1.096 | 174 | 1.122
56 | .991 | 8o | 1.018 | 104 1.044 | 128 | 1.070 | 152 | 1.098 | 176 | 1.124
58 | .993 | 82 | 1.020 (106 1.047 | 130| 1.073 | 154 | 1.100 | 178 | 1.126
60 | .996 | S4 | 1.022 | 108 1.049 | 132 | 1.076 | 156 | 1.102 | 180 1.129
62 | .998 | 86 | 1.024 | 110| 1.051 | 134 | 1.078 | 158 | 1.104 | 182 | 1.131

In this table 7 is determined by the sum of the
lowest and highest barometrical readings. A further
system for correcting inaccurate measuring is given in
the tables for latitude, &c,, in the Appendix.

Aerial Flotation.—A body immersed in air loses
exactly in weight that of the volume of air displaced ;
therefore in dealing with such a body as an acrostat
we have three distinct things to consider; firss, the
power of an adrostat to rise through the air; second,
the velocity of its ascent; and 74ird, the stability of
its suspension at any given altitude, against the resist-
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ance due to gravity. The aérostat, pure and simple,
has an independent part to perform in all aéronautic
machines, except the true aéroplanes and aéromotor
planes, therefore it is worthy a detailed study. Since
heated or rarefied air as a medium for filling an acrostat
is not of practical utility in sustained flight of long
duration, we will not occupy space with the matter,
assuming hydrogen or carburetted hydrogen to be used.

Pure hydrogen (H) (atomic weight 1, density 1) is
a colourless, odourless, tasteless gas, and is 14.43 times
lighter than atmospheric air, consequently it is the best,
medium for filling aérostats. Coal gas or carburetted
hydrogen is the next best, and varies according to the
material used and the mode of its manufacture. This
variation is such as to render the gas from 10 to 6 times
lighter than air.

The force exerted in ascent is the excess of the
weight of an equal bulk of atmospheric air aboye the
aggregate weight of the included gas, plus the gas-tight
envelope and all appendages ; in other words the final
power of ascent is the difference between the weight
of the included gas and of that of an equal volume
of external air, further diminished by the weight of the
whole apparatus. Supposing the form of the aérostat
to be the same in all cases, this load, as a resistance,
as it depends upon the quantity of surface contained
in the bag or envelope, must be proportioned to the
square of the diameter; whereas the difference between
the internal or external fluids, which constitutes the
whole of the buoyant force, increases with the capacity
of the envelope, the proportionate ratio to the cube
of the diameter. Therefore it is obvious that however
small the excess may be of the specific gravity of the
external air above that of the included fluid, there must
always exist some corresponding dimension which would
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enable an acérostat to mount in the atmosphere. Aéro-
stats are usually constructed to present a spherical form,
or an elongated cylinder with hemispherical ends.*

A sphere 1 ft. in diameter holds 281.75 grains of
atmospheric - air, and approximately 21.67 grains of
hydrogen, and the difference is 260 grains. That is
to say, if an adrostat 1 ft. in diameter were to be filled
with hydrogen gas, and the envelope and load together
weighed 260 grains, equilibrium would be established,
and it would not rise. But if the envelope and load
be 100 grains, the buoyancy or flotation value would
be equivalent to 160 grains. It is obvious that the
efficient power of ascension, or the excess of the whole
buoyant force over the absolute weight of the apparatus,
would, by acting constantly, produce an accelerated
motion if it were not checked, and eventually rendered
uniform by the resistance or inertia of the atmosphere.
If it were not for this resistance the velocity of ascent
which an aérostat would gain would be in the same
proportion as a falling body acquires in the same time
as the efficient buoyancy is to the aggregate weight
of the apparatus and the contained gas. We may
estimate the final or uniform velocity from the following
formula, in which D =diameter in feet, and P ascensional
power or buoyancy in pounds, and vV the ascensional
velocity in feet per second, or that velocity which causes
an air resistance equal to the buoyant force or flotation
value. Then

, 40 =
V=
DxJP

* A “prolate spheroid” affords the maximum of buoyancy with
the minimum of resistance to the air (see Prolate Spheroid Table
in the Appendix), and may be defined as a solid proceeding from
an ellipse.
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and for example, take an aérostat 5o ft. in diameter
with a force P of 576 lbs. Then the equation becomes

_40
v —Sox /576, or
‘Slx 24=%6= 10.2 ft. per second,

or a mile in 4} minutes.

The final point to be considered is the stability of
an aérostat at a certain altitude, at which the forces are
in equilibrium.

For purposes of calculation we assume that the
atmosphere is of the same density as at the earth’s
surface for 26,000 ft—that is to say, homogeneous
throughout—in order to find the altitude @ to which
an aérostat will rise until the volume of displaced air
equals the capacity, and is as weight to weight.

The density at altitude a is e:kga X density at

earth’s surface (d), where e=the base of hyperbolic
logarithms, and 4a constant, ¢ equivalent of gravity at
earth’s surface, 32.2.* Then if D=displacement of
aérostat and adjuncts, and w=weight of aérostat, gas,
and adjuncts,

W =Dg X density of air, and

= — 'g
Dgu.e 2

After the altitude readings are corrected for temperature
¢ and latitude A, & may be corrected also, but since the
error is trifling, as the radius of the earth is 4,000 miles,

* 1f the Brigg logarithmic system be used, the result must be
X 2.3026, being the reciprocal of the modulus.

B
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and a is necessarily less than B, it may be accounted
negligible.

Taking an example, air being .08073 lb. per cubic
foot, and hydrogen .005592 lb. per cubic foot,an aérostat
100,000 cub. ft. in capacity will weigh with the envelope,
car, passengers, and accessories about 3,000 1bs., and the
gas 559 lbs.=3,559 lbs. The air displaced is 8,073 lbs.
say, and the effective difference 4,514 lbs. Therefore
the altitude @ to which the aérostat must rise, at which
the capacity weighs 3,559 lbs., is the normal altitude,
at which the ascending force is neutralised, and vertical
movement ceases. Then

@ _3559

26000 8073

Therefore a=log. 8073 —log. 3559 = 21,000 ft. About
half the original quantity of gas has probably escaped
when this altitude has been attained, unless a suitable
provision for storing it has been made. Therefore the
weight 3,559 lbs. is reduced 280 lbs., and about 200 ft.
is added to the altitude . Nadar, in his large balloon
“Le Géant,” used a compensator, or a smaller balloon
affixed to the neck of the larger balloon, and empty at
starting, in order that the expanding gas may be con-
served in the ascent. Green, in 1821, used a “guide, or
trailing rope,” which formed an automatic regulator,
since when descending the aérostat was relieved of
the weight, and this increased when ascending. This
device is also useful as a fulcrum in dirigible aérostats,
in which steering is imperfectly effected by sails or
rudders.

Boyle’s law regarding the expansion of gases is,
“The density of a gas is proportional to its pressure for
the same temperature.”

The temperature at various altitudes is variable for
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many reasons, such as meteorological changes and the
like. The following formul® are useful for obtaining
data in respect of expansion of gas:—

Let P = pressure at 30 in. of mercury,

= temperature of gas.

= volume of gas at 30 in. of mercury.

= volume of gas at any temperature 2

= weight of gas at 30 in. of mercury.

= weight of gas at any temperature #

= pressure at any temperature 2

= co-cfficient of expansion with each de-
gree of temperature = .002036° IFahr.,
.003665° Cent.

(@) p = P (1 + k).
(%) v =V (1 + &)

v

?h‘\5~§2§<1\

WY =1Tm
Foe WL
(@) = 14 A2

(&) W =w (1 + £2).

Hydrogen gas varies with the method of manufac-
ture, but when made by the decomposition of zinc by
water and sulphuric acid, and the gas evolved is treated
with quick or unslaked lime to eliminate the moisture,
the lifting power is approximately 14.6 cub. ft. to 1 Ib.
in weight. And it may be assumed that 20 sq. ft. of
varnished silk weighs 1 1b. In ascertaining the diameter
and weight of an aérostat, let

W = total weight to be raised (aérostat included,
with accessories).

w = weight of a cubic foot of air = .080728 b,

2w’ = weight of the gas.

D = diameter of aérostat.






CHAPTER IIIL

AEROSTATS.

IN dealing with the subject of a€rostats it is not within
the scope of this work to detail the older types of
ordinary heated air and gas balloons, nor the record
of aérial voyages already well known to the reading
public, but rather to describe the various improvements
of later date.

It is unlikely that the aérostat will in the future
occupy any other position in acronautics than that of a
buoyant support for motive power and steering apparatus
in combination with aéroplanes and aéromotors, except
for military or surveying purposes, therefore we may
enlarge upon it as an auxiliary appendage in the proper
place.

The Serkis-bey aérial machine is a combination of
an aérostat and a parachute, and when used in the latter
capacity it may to some extent be steered.

The apparatus, as shown by-the elevation, Fig. 7,
consists of a light framework of radial rods =z, with
strengthening rods attached to a collar ¢ upon the
central hollow stalk which supports the structure. The
convex surface inside ¢ is lined or covered by an im-
pervious membrane which forms the lower part of the
umbrella-shaped aérostat a,4,c. The outer rim 6, ¢ forms
the supporting hoop ¢ for the car . When it is desired
to descend, the gas is allowed to escape by a valve at a,
and the envelope when wholly or partially exhausted is
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inversely compressed by the resistance of the air, and
acts as a parachute. The cord or suspensory stay /, & is
then tightened or released, and by thus changing the
centre of gravity the envelope a, 4, ¢ is obliquely inclined,
and the direction of descent may be guided or stcered

a

Fig.7.

by a rudder £, % controlled by cords 0. If the gas is not
wholly exhausted, a fresh ascent may be made by throw-
ing out ballast, and another oblique descent effected.
This is noteworthy as an ingenious device rather than
a practical machine.
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The Gower aérostat is essentially a military machine,
and is designed to automatically control the elevation,
and also to release explosives at a predetermined time
and place.

The principal feature consists in utilising the varia-

A

Fig.8.

tion of the vertical length of the aérostat as it tends to
rise or fall; to open the gas valve A, Fig. 8, or ballast
valve E by cords ¢ and ¥ respectively, and in this
manner to maintain automatically the desired altitude.
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A spring S is interposed in order to preserve the tension
of the cord ¢, and so to prevent the valve A from being
operated until the shortening of the acrostat v exceeds
a certain amount, which can be regulated by adjusting
the length of ¢. The discharge of the explosive body
or other freight K is effected by the release, by a time
fuse 1, of the latch 7, thus allowing the rods H, H’ to

Vv
’0

,4

s,
NN 1
‘:" ‘ [5\‘

()

hinge upwards about z, ” and the suspending rings to
slide off. Successive discharges may be effected by
fuses of different lengths, or a number of cases may be
arranged to be dispersed by the explosion of a small
initial charge by the fuse.

The Bate ac¢rostat is simply the adaptation of an
aérostat to relieve the load carried by an endless rope
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or chain transport way, and is shown by Fig. 9. The
aérostat A supports a car B which is provided with
grips for gripping the moving rope or chain ¢, and may
cause the car B to move horizontally, and be stopped or

A

F

e

3

- - — -

Fig.10.

started by operating the grips. The function of the
aérostat in this case is to relieve the rope ¢ of the dead
weight of the load. ’

The Dale aérostat is capable of conversion into a
parachute, and is shown by the elevation, Fig. 10.
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The acrostat is fitted with an upper valve A and a lower
valve B, the valve A being covered on the inner side by
wire netting, over which is stretched a strip of oiled silk
or any other impermeable material. When it is desired
to convert the aérostat into a parachute.the strip is

% 3 ORI
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withdrawn by pulling a cord C; the gas then escapes,
and as the aérostat descends the lower half is forced
into the upper half, B being guided by rollers at D, D
along vertical guides ¥, ¥. The lower valve B may be
opened or closed to regulate the rapidity of the descent,
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since the upper valve A is permanently open when the
covering strip is withdrawn.

Sir W, A. Fryers has constructed an annular aérostat,
shown by the elevation, Fig. 11, and the part plan, Fig. 12.
The aérostat A is made in the form of an annulus, so that
in the case of descending into the sea, the car C may

%

Fig.13

float inside the annulus, which forms a protection against
the sea. It is preferably divided by partitions @’ into
cells or compartments «, so that if one compartment is
injured by shot in cases where the apparatus is used for
military purposes, or similar accidents, the uninjured
compartments may sustain the car. Each compartment
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@ is provided with a branch pipe and valve s terminating
in a common pipe &. The car C is suspended from an
insulating ring ¢, which is in turn supported by the
netting covering the annular aérostat A. A piece of
waterproof fabric E is stretched across the top to act as
a parachute when descending. For reconnoitring in war-
time a car is suspended from C by a long cable, so that
the aérostat may float at a safe height.

In Glendinning’s aérostat, Fig. 13, the aérostat B is
enclosed by a bag H, into which air is compressed, and
supplied from a reservoir R in the car C through pipes a, a.
The pressure is maintained by a pump P. Part of the
reservoir R is divided so that the gas from the acrostat B
may be stored, a safety valve & regulating the compression
in order to protect the envelope, the neck & being closed ;
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a valve v at the top of the bag H enabling the air pressure
to be regulated. The object of the device is broadly to
effect regulation of the altitude by increasing or diminish-
ing the surface pressure upon the outside of the envelope

of the aérostat B. The inversion of the bag H may be
utilised as a parachute in descending.

Tapscott’s combined aérostat and parachute, shown
by Fig. 14, is devised to support life-saving appliances
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clear of the waves when rescuing shipwrecked persons
by means of a cable and cradle or saddle. A parachute
A is attached to the top of an aérostat B, and an insulating
ring C is suspended from the outer circumference of A.
The ring C carries the cable H, and a double sheave block
D over which the life lines / and /'’ are rove.

Scott’s aérostat (Fig. 15) is exactly the reverse of
Glendinning’s, before described, since air pressure is
applied internally instead of externally. The outer
envelope of the aérostat A is made of unusual strength,
and an air bag B is fitted within it, which may be dilated
or contracted by the manipulation of the pump P in the
car C, and a suitable releasing valve, thus varying the
buoyancy of the aérostat.



CHAPTER 1V.

AERODYNAMICS.

Air as a Medium.—Water is as a medium heavy
and inelastic, and air is light and elastic. In propul-
sion water presents the maximum of recoil with the
minimum of displacement, whilst in the case of air the
conditions are exactly opposite. Therefore in construct-
ing an aéromotor capable of practical work, the peculiar
nature of the medium in which the apparatus has to float
and to move by mechanical reaction calls for a structural
form and adaption of motive power entirely different
from that required upon sea or land. In marine propul-
sion, a part only of the ship is immersed in the water,
and being lighter than the medium in which it floats, is
enabled to use this denser element as a fulcrum from
which by oars, paddle wheels, screws, or jets, to obtain
the reaction necessary to move it against the resistance
of the water beneath and the air above the water line.
A submarine vessel, when totally submerged, presents
the nearest analogy to the aéromotor in practice.

The absolutely perfect aéromotor, the air-ship of the
future, must necessarily be heavier than the surrounding
air. We have noted in dealing in a preliminary manner
with flight in nature, that the organism of such birds,
animals, and insects are comparatively light in structure
relatively to their bulk, not as regards the wing area or
surface opposed to the air resistance in sustaining the
body at a certain altitude or propelling it at a certain
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velocity, We can construct a framework of metal, and
provide a prime motor, but within our closest limits we
could not, weight for weight, and space for space, make
an aéromotor upon the scale of the stag beetle (Lucanus
cervus) with the same conservation of. energy and
mechanical action.

But it is essential that an aéromotor should have the
weight much in excess of the air displaced by it when
at rest. The inertia of the mass is indispensable to the
control and regulation of such an apparatus, so that it
may be stecred and propelled in exactly the same
manner and with the same facility as a floating ship in
the sea.

Weight—A simple aérostat cannot be rendered
dirigible by rudders or sails, since it is entirely sur-
rounded by the medium it floats in, and is subjected to
every air current in such a manner as to drift with it.
Therefore, as may be seen by a weight-area table
appended, the true air-ship should be of considerable
weight, should start from a position of rest upon the
earth by means of its self-contained motive power, and
this force should propel it in any direction independently
of any air currents; and at the same time the structure
must be of sufficient strength to withstand the onslaught
of a possible hurricane. All this is within the range of
modern mechanical genius and engineering enterprise,
but the one fatal objection stands in the way, and
subverts the true lines of construction. This is not a
scientific obstacle, but it may rather be termed a pru-
dential one, and may be summed up by the consideration
of the fallibility of all machinery, and the absolute
dependence upon continuous action to prevent a terrible
catastrophe in case of failure. Therefore, so far as one
can foresee, the aérostat will always be an accessory to
the air-ship, unnecessary in the propulsion, and a decided
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disadvantage in steering, but certainly a safeguard to
some cxtent against the worst form of accidents. It is
only requisite to allow the buoyancy of the aérostat to
balance the weight of the apparatus, the ascension and
propulsion depending upon the motive power.

Flight may be attained by heavy powerful animals
with a comparatively small wing area, there being no
established ratio between wing area and weight, but an
unvarying relation between the weight and velocity of
motion. The following table shows the approximate
area in square feet per pound avoirdupois for different
types of birds and insects :—

Name. Squ‘:f-:’.n%é::e;ér 1b.
Gnat - - - - 40.8
Bee - - - - 5.5
Stag Beetle - - - 5.0 !
Swallow - - - 5.48 ;9
Condor - - - - 1.3 1 :
Albatross - - - 1.28 /0
el !
AL
The little experiment illus- / X
trated by Fig. 16 shows the value / !
of weight as a factor in pro- i '
pulsion. A cork A, pointed at d~ ‘e
the lower end, and having two .16
feathers a, @’ obliquely fixed in E'g ;

the flattened top, is let fall from

a point 4, and directly by the force of gravity should
descend in the direction 4, c. But the falling weight
causes the oblique planes «, @’ to displace the air, and by
rotating against the resistance compels A to describe the
trajectory &, e, d.

Thus the problem resolves into the relative values of
weight, power, velocity, and small surface area versus
buoyancy, small power, slow speed, and extensive sur-

c
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face area. No rule can be laid down for establishing a
basis for construction. Each form or type must be cal-
culated according to the various conditions that are to
be fulfilled.

Wing Movements.—Professor J. Bell Pettigrew, in
his records of experimental research, gives a theory of
wing motion which is borne out by practical experiments
in producing artificial wing flight in exactly the same
manner in which it is performed by naturc; and Pro-
fessor E. J. Marey has also by means of the sphygmo-
graph produced graphic rccords of the actual natural
movement. Professor Pettigrew does not agree with the

Fog0. i

theories adduced to prove the dilation and contraction
of the spiral nervures, but holds that the radius and
brackial nervures are operated from the thoracic articu-
lation as ball and socket, or universal joints having such
a combined movement as to cause the margin and tip of
the wing to describe a figure of 8. Thus the wings
obtain leverage by presenting an oblique surface to the
air, the obliquity increasing behind forward and back-
ward during extension, when a sudden effective stroke
is given, and decreasing oppositely during flexion or
slow return stroke. Fig. 17 shows the figure of 8 de-
scribed by the tip and margin of a wing in the motion
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of flight. The continuous line shows the extension, and
the dotted linc the flexion. A second line midway
between the extension full and
flexion dotted line would indi-
cate the movements of the tip,
but it is not shown for purposes
of clearness. In Fig. 18 we sce
this movement carried out in a
wave-like direction as in hori-
zontal flight. Here a, & repre-
sent the wave crests, and ¢, 4,
¢ up-strokes, and f is a point
corresponding to the anterior
margin of the wing (radius),
forming the centre of the semi-
rotary down-stroke a, g, and g
is a point corresponding to the
posteriormargin(brachials),form-
ing the centre for the semi-rotary
up-stroke &, /. In Fig. 19 the
diagram shows the mechanical
action of the muscles, in order
to spread the wing in extension
and close it in flexion, the arrows
showing the direction.

The fact that the wing is
both elastic and flexible is a
necessary factor in considering
its efficiency as a means for
converting energy into useful
work. The compound semi- 5
rotary motion, aided by elas-
ticity and flexibility, enables the wing in performing its
functions to twist and untwist by partly vital and partly
mechanical means, that is to say, partly by muscular

Q
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action and partly by the air resistance, the wing meets
its own reverse current upon the return stroke which
materially aids in the progressive flight.

If the wings were not disposed in such a manner as

ELBOW . WRIST
Eaxtensivon 3
w 5 - L -\
a//\ 7. b
L e

to have a semi-rotary movement on two axes (#adsus and
brachial) with an eccentric stroke, the structure would
be so cumbrous as to be controlled by the air instead of
controlling it.

When the wing descends the body is slightly elevated,

that is, the wing comparatively is active and the body
passive. The descending body causes the wings to ele-
vate, the body being active and the wing passive. The
muscular force of depression upon the reaction of the
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compressed air reverses the order. Four wings are most
suitable for artificial wing flight, two on each side of the
apparatus, the driving mechanism causing two to be
elevated whilst two are depressed.

Fig. 20 illustrates the action of the wing upon the
air, /, " being the movable fulcra, or air resistance, p, p’
power applied to the wing surface, B the body, and x a
universal joint, w, @’ being weights upon extensions of
0, . When the wing ascends at p the resistance f re-
tards it, and forces B or w down slightly. The opposite
resistance /', when 2’ is on the downward stroke, similarly
raises B or w'.

MW
S
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We come now to the production of winged flight by
mechanism, to imitate nature as far as possible, and for
purposes of illustration have chosen experimental sub-
jects, some of which are capable of development for
practical purposcs, although hitherto made upon a small
scale for laboratory experiments. Pettigrew’s piston
wing (Fig. 21) is an example worthy of notice, although
its motion is confined to a single axis.

A curved wing ¢, & is supported by the radius @ in a
universal joint, and connected by chains ¢, f to the upper
and lower crossheads of a piston rod 7, » attached to a
piston s within a cylinder o, o, two clastic bands 2, #
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being added, and placed so as to support the wing in its
normal horizontal position when at rest. Air or gas
under pressure is admitted by suitable valves alternately
to the top and bottom sides of the piston s, and the
reciprocatory movement thereof causes the wing to be
correspondingly raised and depressed. The wing sur-
face is strengthened by transverse bars g, 4, 7, d between
the radius and the posterior horizontal member. Another
movement adapted to the use of four wings is that em-
ployed by Walker in his experiments. The wings are
operated from universal or ball and socket joints w, @/,

shown by Fig. 22, these joints having their centres in
one plane f g, and a cranked extension @, @’ upon the
rolling part of the joint. Each crank a, @’ is oppositely
situated relatively to the other. Two pinions ¢ ¢ are
driven by a central spur wheel &, the axes being upon
the line 4,7z, Crank pins upon the pinions ¢, ¢ drive the
joints w, 7’ by means of connecting rods 64, . Thus,
although the crank pins complete a whole revolution, the
joints w, 7’ make a semi-rotation only, the dip being
from forwards to backwards. This is effected by means
of short links on the line /; ¢ jointed to the crank pins
a, @ at onc end and to the framework at the other. Thus
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the displacement of air and consequent reaction tends to
give a forward and upward movement to the apparatus,
and the posterior pair of wings, by reason of the opposite
movement imparted to them, continue the action of the
first pair. A modification®* of this arrangement provides
for a rapid down and back stroke, and slow upward and
forward strokes. The spur wheel & is made with two
diameters, and each of the pinions ¢, ¢ similarly shaped.
The larger diameter of & engages with the smaller
diameter of ¢ when that wheel is effecting the quick
down-stroke, and the smaller diameter of & is simul-
taneously driving the larger diameter of ¢ whilst it is
performing the slow up-stroke of the posterior wing.
The arrangement is analogous to the quick return
motion of an ordinary shaping machine.

In Smythie’s system he employs a carriage mounted
upon wheels, the wings being flapped by a steam or any
reciprocating motor. The resistance of the air to the
up-stroke is reduced by making the wings of several
overlapping parts, and giving the shafts liberty to turn
in their sockets through an angle of about 35°. Each
wing may be made of a silken or linen web stretched
between the tapering steel shaft corresponding to the
radius, and a cord attached to a point just below the
pin a, Fig. 23, the shaft being held by a pin in a tubular
socket E. The cranked double lever D has within it a
circular eccentric sheave with an eccentric strap carrying
the end of the link F, and centred at Z. The ascent of the
piston rod B pulls up the lower end of D by the links /,/

* The last described differential gearing was used by me to
operate valvular flapping planes of large area. The automatic
valvular surface was found to be a failure, even at low velocities, the
undulation of the displaced volume of air in no way conforming to
the disposition and arrangement of the valves.
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jointed to the crosshead ¢, the link F pulling down the
tube E with a very oblique action. The shaft of the
wing thus turns through an angle of 35° by the action
of the air. During the descent of the piston in the
cylinder C the pin a presses the tubé E and link F up-
wards. A flat sail is used as a steering tail.

The apparatus made by Cornelius (Fig. 24) is designed
to embody the mechanical principles brought into exercise
in the flight of a bird, and consists in the combination of

E Bl ¢ E
F 1 \ Vg “ R
™ '] .‘ “" el 8 a/
D D
C
Fig.23

a body capable of supporting the aéronaut with wings
and tail of special construction. It is intended to utilise
the atmospheric pressure by “giving to the machine a
larger underneath or supporting surface than the upper
surface, and the reacting motion of the atmosphere
against the action of the wings; the principal feature
in realising the latter effect being that such reaction
shall take the same direction as that in which the flying
body is to move.” In flying, the wings and tail present
concave surfaces backwards and downwards. The body /
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is strapped to the aéronaut’s back, and may be provided
with a saddle @. The wings 7, 7, having ball and socket
joints e, ¢, and handles /] £, are worked by the arms, and
the part ¢ of the tail ¢ is spring-jointed at g, and con-
trolled by a cord and lever worked by the feet. Cords ¢, '
from a flat spring /% bent overhead assist the forward
strokes of the wings 7,7, and the elastic cords or springs s
impart a kind of feathering motion. A similar apparatus

)

'

Fig.24.

may be provided with a motor, and attached to a car
and acrostat.

It is not a practical idea to construct a machine to
carry a man, and to depend upon his unaided efforts to
produce the required velocity of motion and power;
apart from the fact that continuous exertion is impossible
owing to the muscular structure not being adapted to
the requirements of sustained flight, we must consider
the actual work done. Let a man weigh say 150 lbs,,
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and a specially light machine 10 lbs., and the compara-
tively low rate of velocity be 60 ft. per minute, then

1504 10 X 60=9,600 foot pounds

and the average work of a man is

és.ggoz 4,125 foot pounds,

which is less than half that which is needed. In this
instance the value of the wings as aéroplanes must be
depreciated, since the sensitive anticipatory function
incidental to equipoise, such as obtains with birds and
other flying animals, is non-existent in man. For
instance, if a perfect mechanical model of a man was
made in perfect proportion, and the walking movement
exactly imitated, the body could not for a moment be
supported upon the area of the soles of the feet. Yet in
nature a man may immediately stand upon one leg, and
cannot lucidly define the alteration of the equipoise nor
the stages of its progress. That is because it is antici-
patory, and man has it in walking perfectly, and a bird
in flying, but the same sense is imperfect in the bird
when walking, as in the man when attempting to fly.
Therefore -the basis of the apparatus for artificial flight
is not to render a man capable of flying, but to construct
a machine that will fly and carry a man who may control
it without the necessity for an anticipatory or ultra-
sensitive function of equilibrium. We do not for this
reason enlarge upon this type of machine, although
many have been invented and tried experimentally with
indifferent success, some being adapted to cycles and
wheeled frames.

In Quartermain’s apparatus the wings are actuated
by an ordinary steam engine in which the steam is mixed
with the products of combustion. These wings are
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balanced by springs and arranged to flap together, and
are mounted on rocking shafts which are on a swivel
piece, and swivel joints are introduced in the connections
to the cranks, so that the plane of flapping can be altered,
a special arrangement being provided for altering the
front pair independently of the others for steering pur-
poses. The wings are curved transversely, and a flexible
blade runs along the posterior margin of ecach. They
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are arranged to swivel through a regulated distance
about a longitudinal axis, which is nearer the anterior
than the posterior margin, by which arrangement useful
effect may be derived from both up and down strokes.
Capone’s machine is shown in plan by the diagram,
Fig. 25, in which the wings p, p are actuated by crank
arms 4,6’ working in a frame @, and connected by rods ¢, .
They are freely suspended from the arms 4,6 by means
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of rings £, but are independent of the arms &, which
serve merely to regulate their inclination. The rear part
of cach wing is preferably hinged to the main part, and
works against stops, so that at the commencement of the
upward movement it has a greater inclination to the
horizon than the wing itself. The frame @ is provided
with a steering tail ¢, and the mechanism is driven from
any suitable light motor by the wheels 7, ¢

Upon reference to Chapter 1., dealing with the mem-
branous wings of insects, we have noted that the longi-
tudinal nervures-each contain an inner spiral trachea,
and that a theory of vibratory flight due to the dilation
and contraction of these trachea has been propounded.

4 /
EETY RN, O

M. Victor Galliene has experimented in this direction,
as shown by the sectional view, Fig. 26, in which « is a
spiral elastic tube representing a trachea, and terminating
in an eclastic ball or air reservoir e. This is rapidly
expanded and contracted by the vibration of a piston o
within a cylinder . Two elastic membranes &, & are
stitched or sewn together in seams, so as to enclose the
several trachea extending radially from the root of the
wing, and operated alternately in pairs. Finely tempered
steel wires of tapering form are used to impart the
necessary rigidity to the structure. In the experiment
there were eight cylinders, each operating the corre-
sponding artificial nervure on opposite wings, four
nervures to the anterior wings and four to the posterior.
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The weight of the model was 9.42 oz, and an inflated
aérostat attached to the frame had a buoyancy equal
to 8 oz, leaving 1.42 oz. to be raised by the wings; a
small electro-motor with a rocking shaft or beam operat-
ing the pistons with the requisite progressive alternations.
The power was derived from eight accumulator cells, not
carried, but connected by flexible wires. The entire
wing surface was 1.94 sq. ft., and the piston strokes 480
per minute. The result was to raise the machine 18 in.

yet
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from the bench, where it floated indefinitely with no
progressive motion due to the mechanical effect, but -
very sensitive to air currents. When screened so as to
be free from the effect of these currents, the movement
was gyratory around an eccentric axis, which was pro-
bably due to unequal balancing. The addition of two
more accumulator cells in series had no further effect
than to increase the velocity of gyration. Without
condemning the theory as absolutely untenable upon
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the result of this experiment, it does not appear feasible
that the trachea are intended to produce the movement
necessary for flight, but rather that they stiffen the wing
at certain periods during its stroke in order to utilise the
reaction of the air displaced. .

Middleton’s wing motion is shown by Fig. 27, in
which an oscillating cylinder ¢ is mounted upon trunnions
at ¢, the piston rod carrying a crosshead a within guides
& A connecting rod 7 couples the crosshead a with a

w -4 e
& :
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Fig.28.

crank pin z upon a universal joint carrying the wing v,
this joint being attached by its bearings to the trunnion
¢, so that it may oscillate with the cylinder ¢. A second
connecting rod # operates a crank shaft o at the base of
the frame, upon which is fitted a flywheel 7 to secure
uniformity of motion, and also to maintain the oscillation
of ¢, which, in addition to the flapping movement due to
the rod » and pin 7, is necessary to produce the angular
progressive action.

In Marshall’s apparatus (Fig. 28) a cylinder ¢ is
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mounted upon a car C by a hollow rigid mast 7 and
stays s, 8. The wings w, @' are jointed to the mast at 2,
and connected at ¢, @’ to two piston rods 7, #, which are

both attached to the same piston head. Upper and
lower wings may be used, in which case the mast is
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carried beyond the cylinder, and two pistons are em-
ployed. Steering is effected by a pivoted vertical plane.

In many cases valves or louvres are employed to
lessen the resistance during the upward stroke, and an
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example of this arrangement is shown by Fig. 29, in
which the wing z is mounted upon a ball joint 7 with a
crank pin p, and the surface is pierced for valves v
hinged or freely suspended on the under surface so as
to be closed by the air pressure on the down-stroke, as
shown by the section. In actual practice these valves
are useless.

A wing motion is shown by Fig. 30, in which a crank
disc @ is rotated by a suitable motor, and connected by
a connecting rod to the crank pins ¢, #, the pin ¢ operating
the ball joint # carried by the frame A, and forming the
root of the wing w. The first movement of # is rotary
until the pin p is stopped by the stop on A, when the
continuation of the motion is downward, as shown by y
in the diagram B, the first movement being according to
x, and the result of the whole as 2. A spiral spring s
attached to a prolongation » upon # reverses this motion
on the return or upward stroke.

So far we have dealt with artificial wing propulsion
briefly as according to known experiments, but in treat-
ing of aéromotors or air-ships these and other motions
will be detailed, since the aérostat, aéroplane, wing and
screw propeller are frequently employed one with the
other, or all in combination.



CHAPTER V.

SCREW PROPULSION, PADDLES, AND
ALROPLANES.

IN dealing with the problem of the best mode of apply-
ing motive power to overcome air resistance, we have to
consider that the displacement and reaction of a volume
of air at a given velocity is essential in the first instance,
and secondly the added resistance of the wind when it is
opposite to the plane of motion, or as an aid to such
motion when it has the same direction.

Air Resistance.—In calculating the resistance of the
air as a pressure against a plane surface moved through
it at a given velocity, we may deduce from experiment
that the air resistance varies as the square of the velocity
nearly, and to an inclined surface as the 1.84 power of the
sine x cosine. The conformation of a plane surface makes
no appreciable difference in the resistance, but the convex
surface of a hemisphere with a surface area double that
of the base has only half the resistance, hence the ap-
proximation of the true shape of the ends of elongated
acrostats, or, what is still better, the employment of
prolate spheroids.*

* The resistance tables are based upon Smeaton’s definition of
Rouse’s experiments, viz., an air current with a velocity of 88 ft. per
minute exerts a pressure of .co5 lbs. per square foot on a flat sur-

face. Dr Hutton shows that the resistance of a sphere is 2—1, that

of a disc having the same diameter. Sir George Cayley found the -
resistance to a prolate spheroid, whose major axis was three times

4—18 that of a circular plate, the

diameter of which is equal to the minor axis.
D

the length of the minor axis, to be
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Let P=pressure against plane @ area in square feet,
and v velocity in fect per second.

Then r=.002288 av?= pounds per square foot.

Power.—Having determined this factor, the following
table will give the relative velocities and power :—

VELOC!TV.. Powkr.
Miles Feet Horse Power
per Hour. per Minute. per Square Foot.
10 880 0.013
15 1,320 0.044
20 1,760 0.105
25 2,200 0.205
30 2,640 0.345
50 4,400 1.64
75 6,600 5-54
100 8,800 13.13
150 13,200 44.29
200 17,600 105.00

Calculated from HP = .00000000001926 av? varying
nearly as the square.

Wind Resistance.—When air passes as a wind

current into air of less density, the velocity of its passage
is measured by the difference of the densities of the air
in both cases.’
"~ Let D=the maximum density, and & the minimum
density in inches of mercury ; and # the temperature in
degrees Fahrenheit at the time of passage, and Vv the
velocity in feet per second.

Then v=1347.4 \/ s ;d (14-0.002088 ?).
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And to calculate 1=direct impulse in pounds per
square foot.

1=V?x.000667 where V is knots per hour.

1=V?x.005016 where V is statute miles per hour.

TABLE OF VALUES oF I.

V. V. V. V.

Miles 1. Knots 1. Miles 1. Knots L

Hp:l:r. Hp:l:r. Hl:)eurr. H‘::l:r.

1 .0050 1 0007 24 2.89 24 3.84
2 .020 2 .027 26 3.39 26 4.51
8l 045" 3 .06o 28 3.93 28 52!
4 .080 4 .107 30 4.51 30 6.00
5 125 5 .167 32 5.14 32 6.83
6 .181 6 .240 34 5.80 34 7.71
7 .246 7 BET 36 6.50 36 8.64
8 .321 8 .427 38 7.24 38 9.63
9 .406 9 .540 : 40 8.02 40 10.7
10 .502 10 .667 ) 45 .| 10.2 45 13.5
11 .607 11 .807 ‘ 50 12.§ 50 16.7
12 V22 12 960 || 55 15.9 55 20.2
13 .848 13 1.13 l 60 18.1 60 24.0
14 .983 14 T30 65 21.8 65 20.3
15 1.13 15 1.50 70 24.6 70 3257
16 1.28 16 1.71 75 26.9 75 37.6
17 1.45 17 1.93 1 8o 32.1 8o 42.7
18 1.63 18 21650 {|I° =85 36.4 83 48.59
19 1.81 19 2.41 90 40.6 90 54.0
20 2.00 20 2.67 95 44.9 95 58.78
21 2.2F 21 2,88 || 100 50.2 100 66.7
22 2.43 22 3.23 |
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The relative kind of wind accompanying these
velocities and pressures :—

Miles per Hour. Pounds per Foot.
Hardly perceptible - -| From 1to 2 | From .oo5to .006
Just perceptible - - 1 R ZEtol T ety =02 ito' -Joq
Light wind - - - 31 a0 NS 5t 000 L0\ SN2
Light breeze - - - AR (S (- 3o M TDINOL . 24)
Moderate breeze - - S L @ . .32Ito  .406
Fresh breeze - - - e LOloRsL! 5s 406 to  .983
Strong breeze - - - ,s 15to 20 55 M IGE oI N22C0,
Moderate gale - - 3 2Btz »  2.43 to 2.89
Fresh gale - - - s 20MoRI80 5 339 to 4.51
Strong gale - - - Rz (2 5 514 to 6.50
Heavy gale - - - 5, 38to 40 S e it Effop
Storm - - - - ;» 45to 50 bR Q- 2RO 25
Great storm - - - ,y, 6Oto 70 5, I8.1  to 24.6
Hurricane . - - - 5s 80 to 100 RO 50,2

From the above data the details may be deduced
by calculation respecting the area, angles or pitch, and
velocity of screw propellers, paddles, jets, and the lifting
power of aéroplanes when propelled under varying
conditions of the air currents. It is obvious that the
structure of an air-ship or aéromotor must be of sufficient
strength to withstand the onslaught of a storm, which
may suddenly arise before the ordinary precautions can
be taken, the premonitory signs not being apparent at
considerable altitudes in the same manner that obtains
at or near the sea level. For instance, when the earth is
obscured a fall in the barometer may mean an increased
altitude, since under these conditions. the rapid changes
of the instrument render it comparatively useless as a
weather guide.
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Screw Propellers.—The action of a screw propeller
as a means of moving a body through air is analogous
to that of a similar propeller totally immersed in water,
allowing however for the different degrees of density
between the two media, and more especially that air is
an clastic medium, and water is comparatively non-
elastic.

The work done in propulsion is due to the reaction
of a volume of air projected backwards, which must be
equal to the air resistance at the given velocity of pro-
pulsion. There occurs a negative quantity termed slip,
which is approximately S = P — & where P = length of
pitch, and d=distance advanced in one revolution, then
Ss=slip in feet or other terms of measurement of P and 4.

Unless the volume of air displaced be of infinite
quantity, the slip is a necessary factor,

In calculating the proportions of a screw propeller,
before type and form are considered, the first problem
is: What is the best proportion between these and the
volume of air displaced? Or in other words, the proper
ratio of diameter and pitch, with a constant or varying
velocity. It may be borne in mind that the weight of
a prime motor generally varies inversely as the speed
in revolutions per minute, and the energy of reaction of
displaced air » varies as »x V2 Thus the propeller area
which will propel an air-ship with a given slip ratio is
directly as the air resistance and inversely as the square
of the speed, and at such moderate speeds as are attain-
able, the same propeller area will overcome a given air
resistance with a given slip ratio, and areas varying
directly as the squares of the resistances. At high
velocities the slip ratio increases with the given pro-
peller area.

The maximum of efficiency is not obtained by ex-
tending the arca of the propelling plane to minimise
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the slip, but the slip angle that gives the maximum.
The value of (= ,/.00047) which gives the maximum
efficiency is the same whatever be the actual pitch angle.
The speed rule is (exclusive of slip)—
Vv =velocity in miles per hour.
P = pitch of propeller in feet.
R =revolutions per minute.

Then R= SS—V
P

g 88 v
R
PR
=,
88

The pitch of screws varies as the ratio of the area of
the disc or circle described by the tips to the area of the
air-ship affording resistance to the air through which it
passes, z.¢.,, the maximum sectional area.*

IN THE CASE oF Two BLADES.
Ratio of disc to section is 1 to - - 6.0 5.0 4.5 4.0 3.5 3.0 2.5
Ratio of pitch to diameter of disc is 1 t0 0.8 1.02 I.II 1.2 I.27 L.3I'L.4
AND 1F FOUR BLADES ARE USED.

Ratio of pitch to diameter of disc is I to 1.08 1.37 1.49 1.62 1.71 1.76 1.89

The area depends upon (@) the shape or type of pro-
peller ; (4) the situation of it in the air-ship or aéromotor ;

* Haussmann gives as the best proportions for air screw pro-
pellers, the angle to be from 18° to 23° pitch=diameter x 1.333, the
latter being for three blades, which he considers to be a preferable
arrangement to one or two blades of large area, or four blades of
less arca. This prevents the double displacement of the volume
of air, and the consequent loss of power by subjecting the surface
area to air in which the density is increased by displacement, and

to which the maximum velocity is already imparted,
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(¢) whether it is shrouded or not; and (<) how many
propellers are used.
Fig. 31 shows in the side clevation A and end elevation

B the evolution of Rennic’s screw propeller from Erichsen’s.
original adaptation of a double helix (Fig. 32). Rennie

adopted an inverted cone as a basis of construction and
modifications of these types.
Sir George Cayley made many experiments in the
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application of an elastic screw propeller for aérial pro-
pulsion, but did not go beyond laboratory practice.

In Fig. 33 is shown one of his aéromotors, which,
although a toy, serves to mark a distinct advance in the
progress of this branch of science. Two corks ¢, ¢ are
connected by light cane rods 4, &, and a wire hook ¢ is
rigidly attached to ¢. A similar wire hook ¢ passes
freely through ¢, and is fixed to a cork 4 carrying two
vanes or feathers w, ' forming the. blades of the pro-
peller. An clastic band 4 is stretched between the hooks
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¢, ¢, which may be wound up by twisting the propeller
on 4 in the opposite direction to which it is to travel.
When released, the tension of & causes the propeller to
revolve rapidly in the right direction, resulting in a short
aérial flight of the apparatus. Cayley further duplicated
this arrangement by adding a reverse propeller to the
hook ¢

Various types of elastic propellers have been con-
structed upon the lines of Erichsen or Rennie, such as
that shown by Fig. 34, in which the blade is built up of
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thin metal sheets or lamina @ superimposed upon each,
and slotted to freely receive a stud & attached to the

Fig. 34 Fig. 35.

preceding plate, in a similar manner to the building up
of a coach spring.

Fig.36.

Henderson’s propeller (Fig. 35) has a triangular boss,
and the blades « are tangential to the boss at their lines
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of attachment 4. The sections of each blade « parallel
to the edges follow regular parabolic or hypobolic curves,
and the lines or edges & are in planes parallel to the axis,
and the other edges are perpendicular thereto.

' In Fig. 36 is shown Vogelsand’s propeller, in which
the blades are arranged equidistantly around the boss,
or in pairs, cach being similar to the one diametrically
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opposite, but has its leading and trailing edges reversed
in direction to, but similar in curvature to, the trailing
and leading edges of that on ecither side. They are
alternately bent back and forward in the plane of rota-
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tion, so that the water is thrown away from and towards
the hub alternately. In the example shown, the blades
may be made integral with the boss, but the design is
equally applicable if they are bolted on. One edge of
cach blade may be straight, or partly straight and partly
curved, and the other in the form of an ogee; and the
pitch may be uniform or variable throughout the blade.
The tips may lie in different planes, but the roots must
lie in approximately the same plane.

Boisset and Mercier’s screw propeller is shown by
the elevations, Fig. 37, and the corresponding cross
sections, Fig. 38. The efficient maximum width is
estimated at one-fifth diameter at a point three-fifths of
its length from the boss. The pitch is six times the

Fig.39.

diameter, and the maximum inclination of the blade at
the tip about 64°. The edges of the blades from & to &
are straight, and project beyond the boss, and the edges
from 4 to ¢ and from ¥ to ¢ are curved, while the tips
are straight. Near the boss the propeller is convex, and
becomes concave about the middle of the length, and
straight near the tip, while the angle it makes with the
axis increases from the boss outwards. This form of
propeller in its revolution drives the displaced air toward
a point in the axis about twice its diameter to the rear.
It is preferable in practice to obtain the highest effici-
ency by using two propellers of opposite hand, arranged
tandem-wise.

Fig. 39 illustrates Williams’ propeller, in which the
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distinguishing feature is that the blades are so con-
structed that the pitch increases uniformly from the
periphery to the axis, where it is infinite.

Fig.90

Alexander’s flexible propeller is shown by the side
and end views, Fig. 40. A tubular Z frame ab is

mounted upon an axis @, the ends being connected by
a strong but light wire stay ¢, the blades ¢ being attached
to abc, and made of thin elastic sheet metal, or of fabric,



SCREW PROPULSION. 61

and suitably curved. The device is not a true propeller,
since it cannot be properly pitched, but as a light elastic
impulse appliance in air it has some merit.

According to Féraud, the proper method of construc-
tion of propellers for air displacement is to set out a
series of concentric cylinders as shown by Fig. 41. - The
concentric cylinders ¢, ¢f have a common axis a6, which
is also the centre line of the propeller shaft. Upon each
cylinder is described a helix g4 of given inclination,
gd being the pitch equivalent of the periphery. The
surfaces between this and the axis are filled in to corre-
spond to the curves set forth by the helices.

Fig42.

Schmidt uses a shrouding which has inverse blades
and may revolve oppositely to the propeller proper, or
may be stationary. This is shown by the end view,
Fig. 42. The ordinary screw propeller % revolves in
the direction of the arrow, and is enclosed by a ring £
with vanes or blades sz inclined in a contrary direction
to those upon the propeller 2. The ring £ and propeller
/ are revolved in opposite directions at the same angular
velocity, and the object of using £ is to utilise the energy
of the displacement of air caused by /.
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In Fig. 43 a propeller blade with “gliding lips” is
shown, the invention of Mr W. Child. These lips are
formed upon the leading and trailing edges of the blade
as indicated by the dotted outline on the end elevation
and cross sections in the figure. The circumference of
the boss at its greatest diameter is equal to the pitch
of the screw, and the contour is such that upon cutting
it by a series of equidistant planes perpendicular to the

Fig. 43.

axis the enclosed area diminishes as the rear end of
the boss is approached, on account of its increased
size. This form of propeller is particularly adapted to
enclosing rings or casing, both fixed and movable.
Another instance illustrating enclosed propellers is
that of Storz, shown by Fig. 44. The propeller boss a
is comparatively massive, and of considerable diameter
relatively to the curved blades 4, and revolves in a
partially closed casing ¢, so that the skin or frame o
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of the ac¢rial machine is tangential to the boss . The
direction of the arrows indicates the direction of the air
current. It has not yet been deduced from experiment
or demonstration that a real gain is effected in the work

done by a propeller by enclosing it peripherally in an
immobile casing. It is an undoubted -advantage to
obtain the full value of the reaction thrust.

This has more or less been provided for by Vogelsang,

Fig 45.

as shown by Fig. 45. Here, in front of the propeller 4,
revolving on the shaft s, and concentric therewith a
portway mounted upon a bracket, and contracted at the
central cross section ¢, so that the air displaced by the
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revolution of the propeller & may, in rushing through the
contracted portway, set up a reaction which materially
assists propulsion.

The difference in the density and behaviour of dis-
placed air in the case of effecting propulsion by screw

propellers relatively to water as a medium has given
rise to the inception of various kinds of screw to produce
the required effect with due regard to the elasticity of
the air. Some inventors rely upon a rigid structure,
carefully plotting the curves comprised in the blades to
displace, and at the same time to utilise the comparative
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solidity due to the reaction of the mass. Others, again,
depend upon automatic adjustment according to the
air resistance against some form of elastic spring, in
some cases applied to otherwise rigid blades, and in
others adopting an elastic structure for the blade itself
upon a boss which is immobile except for its revolution
upon its axis.

The construction of a screw propeller in which the
face of each blade is a portion of the surface of a cone,
the axis of which is inclined to the
surface of the shaft, is shown in set- c
off by Fig. 46. The pitch lines 4, ¢,
d, ¢, [, g, %, ¢ are the intersections of
the conical surface with cylinders
concentric with the axis AN of the
propeller, the relative angles being
shown as from o° to 180°. This type
is generally known as the Adams
propeller, and may be formed with
semi-elastic blades of sheet metal
pressed into shape by inverse tem-
plets constructed upon the lines set
down in the diagram. Another type
of semi-elastic propeller is that of
Pennington and New (Fig. 47), in p
which a radial rib of steel 4 has a F19-47-
heavy curved head ¢ forming the
periphery of the propeller and also acting as a fly-wheel.
The surface or web « of the blade may be made of thin
sheet metal, wood, or with edges of semi-elastic, light
material, and filled in with fabric of some suitable
texture.

An example of the mobile type of blade is that of
Heathorn. The propeller blades z shown by Fig. 48
arc mounted upon a hollow boss upon a shaft cranked
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oppositely at ¢, ¢ and common to both opposite blades.
Stout elastic bands y of rubber, or steel springs, tend
to maintain by their tension the cranks ¢ ¢ in close
proximity to fixed pins 2, which are coupled to the
cranks by the bands or springs y. The blades v thus
resist the angular inclination in rotation automatically,
and adapt such inclination as may be induced by the

Fig.98.

velocity. It is obvious that a considerable loss of power
must result from an indcfinite angle and variable pitch,
especially in the case of high velocities.

Razeau’s propeller is of the multivane type, and is
shown by the two views, Fig. 49. A number of helical
blades @, &, ¢, d are attached to a large boss B on the
shaft K to form the screw propeller ; the outer edges of
these may be free, or are attached to a conoidal ring or
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hoop de. Curved surfaces f, g, H, and /, m, are fixed to
the shaft K, one on each side of the propeller, to deflect
the currents of displacement to the blades, and re-
combine them so that all the energy due to reaction
may be utilised in propulsion without undue shock due
to intermittent impulse.

Paddle Propellers.—The use of paddles in aérial
propulsion is not broadly -advocated for the reasons
that as a means of displacing air and utilising the

Fig.49.

reaction of the induced currents, the necessary high
velocities cannot be sustained effectively, since the
feathering motion of the paddles, an essential function,
at all times attended with considerable friction in the
moving parts, is retarded by.the action of centrifugal
force upon the fulcrums of the vanes. This is negligible
at low rates of speed, but as high speed is indispensable
it is a decided disadvantage. An open paddle with
radially fulcrummed vanes is impracticable unless the
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leverage upon the axis is varied considerably during
its rotation. That is to say, an ordinary feathering
paddle wheel must be partially cased, or if the wheel
is open the feathering action must be modified so as
to reduce the radius of the leverage. Two examples
are shown illustrating both methods. First, Oetling’s
feathering paddle, shown by Fig. so.

Fig. 50.

In this device the wheel revolves in a partially open
casing «, and the vanes &, ¢ are pivoted upon the arms,
and are feathered by turning them once about their axes
for every two revolutions of the wheel. This is ac-
complished by means of two eccentric cams &, ¢, into
which the inner ends of the arms f are directed alter-
nately by tongues g, # engaging in the grooved cam
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paths. The openings in the casing @« may be regulated
by suitable doors. In Martin’s wheel, shown in elevation
and plan by Fig. 51, the blades are pivoted at & to
a revolving boss ¢, and carry riding irons g, /2, which ride
on a cam f£, and shift the blades from the right hand in
which they make their down-stroke, the propelling

position, to the left hand, or idle position, in which they
make the up-stroke.

Jet Propulsion.—Many inventors have sought to
effect aérial propulsion by pressure jets, of steam, gases,
or the reaction of explosion. The point at which the
jet issues, a nozzle, for instance, is of small area, so
that the area of displacement is also small where the
maximum pressure is available by impact to produce
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motion. The fluid issuing from the nozzle at a high
pressure expands as an inverted cone of which the apex is
the orifice. The volume thus increases and the pressure
diminishes in inverse ratio, thus the effective work done
may be estimated by the displacement of air in pro-
portion to the volume of the cone at the mean pressure
in a given period of time. If the pressure is derived
directly from a steam generator, it is a wasteful method
of utilising the initial energy; and if from a storage
reservoir, the waste is greater, since power has to be
employed to store gas under pressure. The system is
equally inefficient when surfaces are added to utilise
the energy of reaction, whether with single or multiple
nozzles. It is equivalent to an attempt to convert
a gun carriage into a locomotive vehicle by employing
the cnergy of the recoil due to successive discharges as
a motive power. Therefore, among the many recorded
but unsuccessful experiments in this direction there are
none to which we can refer in detail.*
Aeroplanes.—Probably the lifting power of a kite,
and the pull exerted upon the cord, originated the idea
of a plane surface suitably inclined so as to rise when
a forward movement is imparted to it, and maintained
during the flight. It has been amply demonstrated
that a suitably designed aéroplane will rise in the air,
and carry its load, but no extended flights have hitherto
been accomplished. There is, in such a machine, a
considerable inert mass which is unavoidable, and thus

* The only way in which a jet can be used with any degree of
efficiency, is to employ it within a trumpeted casing so that it may,
by its initial velocity, set up a lesser velocity in a larger volume of
air which may appreciably react upon the surrounding atmosphere
to cause motion. The analogy in this case is that of the steam
pressure ejector, and not that of the oft-quoted H.M.S. Waterwitch,
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when once in the air, at the mercy of every variation of
the wind currents, the maintenance of equilibrium must
be automatic, involuntary and anticipatory as it were, as
in the action of a man standing or walking, or a bird
soaring. This attribute is yet in the future, so far as
mechanical action is concerned, whether automatic or
under human control. The larger motive aéroplanes
have been provided with a railed track, to attain the

Fig 52

required velocity previous to actual flight. An upper
rail restrains the tendency to premature ascent. No
provision has been made as yet for descent in the open
country or elsewhere, nor is the direction of motion
capable of being diverted far from the point from which
the wind is blowing. We shall presently find, when
dealing with the construction of an air-ship which alone
renders aérial navigation possible, that the aéroplane, if
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impracticable as a means for flight used alone, is a
valuable accessory to the air-ship.

 Before entering into the subject of the aéroplane
and its development, it will be well to consider the
action of the wind upon an inclined surface at rest.
Referring to the diagram, Fig. 52, let @ be an inclined
surface at rest, » the wind pressure, w a suspended
weight, and 6 angle of inclination to the wind, and p
pressure of wind per square foot at normal, ze., if the

surface was directly opposed to it instead of being
inclined. Then the resultant pressure per square foot
on the oblique surface P is—
2 cos 0
RE= JEate. abx Jv e«
2 14 cos? 0
and p=.0057? in miles per hour,
or p=.00237% in feet per second.

So the value of the lifting power upon w may be cal-
culated if the arca of the plane « is defined in square
feet, or the weight of w in pounds if it is raised.
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M. Pinaud carried out many experiments in motive
aéroplanes, onc of which, a toy, is a modification of
Sir George Cayley’s device shown by Fig. 53. An acro-
plane w and Zaz/ vane ¢ are attached to a frame @, between
the ends 4, & of which is stretched a twisted rubber band
e, which, when wound up in tension, rotates a propcller
2, affording a sustained oblique flight.

Mr Wenham devised a multivaned aéroplane, in
which the lifting vanes were superimposed upon each
other similar to a set of bookshelves. This doubtless

e

[ o

Fig.54.

V

has developed into the “box ” kite in use for military
purposes. Stringfellow improved upon this apparatus
in 1868, adding motive power and screw propellers, and
his machine is illustrated by Fig. 54. The plancs a, @/, a”
are superimposed as in Wenham’s device, and the
generator and motor 4 fixed on the lower plane @”, the
propellers ¢ ¢ revolving through spaces formed in &,
which also carries the prow and tail vanes. The total
weight was only 12 lbs,, inclusive of the water required
to gencrate the stecam, although the power developed
was 1.3 H.P. A trial took place at the Crystal Palace
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under the auspices of the Aéronautical Society of Great
Britain, and Mr Stringfellow obtained an award of £100
on account of the lightness and efficiency of the motor
apparatus. The apparatus ran upon an extended wire,
and. although the machine travelled at a high rate of
speed, it did not leave the wire.

Henson at the same time made a large aéroplane
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Fig 56

shown by Fig. 55, in which the horizontally extended
planes a, 4’ were 40 ft. from end to end. A cigar-shaped
car & carried the motive power apparatus for operating
the screw propellers ¢ and also the aéronaut. Steering
was effected by a tail vane 4, and broad-tyred wheels
were fitted below the car to carry it while the initial
velocity was attained previous to ascent, and also to
facilitate landing when descending. This made several

\/\D\E unm,
OF THE
UN VERol



76

AERIAL NAVIGATION.

”(;?7

Fig.57.




AEROPLANES. 77

flights of short duration, but was generally a failure for
the reasons we have previously explained.

In Creasc’s aéroplane the lifting planes are merely
adjuncts, the actual lifting being accomplished by screw
propellers with vertical axes. This device is shown by
Fig. 56, in which an aéroplane @ has a light framework
covered by fabric. A deep keel 7 supports a tubular
platform or car & having a hollow base ¢ for storing the
liquid fuel or gas under pressure. Two motors f, /" on
the platform & drive a vertical shaft g which transmits
the power by means of a spur wheel £ and pinions to
two propellets 4, over which two orifices are formed in
the fabric of the aéroplane for the emission of the dis-
placed air. A stern propeller % controlled by clutches
7,7 affords horizontal propulsion, and steering is effected
by changing the position of the balance weight 7 as
shown by the dotted lines.

Sir Hiram Maxim has carried out extensive experi-
ments in dirigible aéroplanes, and in the course of
developing his ideas, has been successful in producing
effective motors and generators of extreme lightness and
portability, which will be noted under the head of Motive
Power in a succeeding chapter.

In one of Maxim’s machines (Fig. 57) the aéroplane
B is trussed and stayed with wires, and covered on both
sides with fabric, which is stretched tight on the under
side, and is perforated for the air to pass through, so that
the weight is supported by the top surface. The lifting
planes N are arranged step-wise as shown, and made
long and narrow, and in some cases hollow to form a
surface condenser, and are supported by bowed tubes o,
carrying the exhaust steam and condensed water. The
motor L drives the propeller M by steam pressure from
a generator G. A vaporiser H is connected to a suitable
burner T under the generator G.  The whole is supported
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when at rest upon wheels W, and steered in flight by sail
rudders f fixed on pivots to B, fore and aft.

In another machine, constructed by Maxim, and
shown by Fig. 58, the main aéroplane a is pivoted upon
a vertical support &® carrying a car & mounted upon
wheels £ and the inclination of @ may be adjusted and
regulated by suitable ropes, pulleys, and a winch. Wings
may be attached to @ to which a downward motion is
automatically imparted by the impact of the wheels f

FL'_g. J8.

upon the earth in descent, the arms ¢ being connected
to drums s for that purpose. Light screw propellers e
are rotated by engines driven by the pressure generated
in a boiler or other generator ¢, a chimney ¢ carrying
off the products of combustion, pipes 7 conveying the
vapour or gas under pressure to the engines. A supple-
mentary condenser of the flat film type is added to the
tubular framework, and by its structure may form part
of the sustaining planes of the apparatus.

Sir Hiram Maxim has further modified his aéroplane
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in the manner shown by Fig. 59, in which the machine is
supported in the air by two large screw propellers, one
upon each side, driven by nearly vertical shafts. One of
these screws C! is shown in the elevation. Itis four-bladed,
and is of small pitch. The shaft & is slightly inclined
from the vertical in a forward direction, and is driven by
the four-cylinder steam or gas engine D. The blades of
the screws are stayed so as to automatically diminish the
pitch as the air pressure below them increases. The
leading edges of the screws C® are stayed to a fixed

collar C? upon the shaft 4, and the rear edges to a sliding
collar a attached by a spring s to the bearing collar, and
controlled by a hand wheelz. The frame is mounted upon
three wheels %, the leading and trailing wheels being
adjusted in height by means of hand wheels ¢, ¢. In
addition to the large screws already described, the
machine also carries two smaller screws £, /7, one in front
and the other behind. These arc mounted with their
motors g, g on trunnions, so that the screens may be
cither lifting, lowering, or propelling, and are preferably,
like the lifting screws c!, made of a light metal frame-
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work, and covered with strong fabric. In starting the
machine it is run forward upon the wheels until the
screws C! exert their effect in lifting the apparatus, and
act in the manner of aéroplanes or wings. The loose
collar @ and spring s admit of a feathering action by
presenting the least surface in front. Rolling is counter-

Fil
!

acted by the automatic action of a weighted pendulum
which cuts off the motive fluid from the engine on
the rising side, and giving a full supply to that upon
the lower side. Fore and aft balancing is effected by
a sliding platform controlled by a hand wheel. The
motors D have four cylinders arranged in pairs opposite
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one another and driving cranks at 180° so that with a
four-stroke cycle an impulse is obtained ‘every half
revolution. The motors are preferably driven by acety-
lene, which is stored in reservoirs £ and mixed with
about % by volume with acetone or acetic ether to
produce a mixture which can be kept liquid at a lower
pressure than acetylene alone. The tubular framing may
be utilised as a condenser.

Becnen follows this mode of construction in the
apparatus shown by Fig. 60. Two cars E, E’ are used,
the former for passengers and the latter for carrying the
motor M (not shown). A lifting screw F and horizontal
propelling screw F are adapted to the frame, and driven
by suitable gearing by the motor. The machine is
steered by means of a fan or propeller s. The shafts of
the lifting and propelling screws F, F may be inclined so
as to allow the screw F’ to assist in lifting, the collar #
being adjustable around the quadrant g. The screws
F, F’ are constructed with a hollow conical centre /, /7, and
a ring of vanes made concave on the pressure side are
pivoted in radial bearings. The inclination of these
blades / can be adjusted by rods ¢ joined to a sliding
collar %, the position of which can be regulated by a slid-
ing collar 7, rod %/, and handle within a suitable quadrant.
Wheels 7 and runners o are provided to facilitate move-
ment upon the ground in ascent and descent.

Davenport constructed an aéroplane shaped like a
bird, the body being the car, and carrying the motive
power apparatus. The wings were rigidly attached to
the body, and of great superficial area. The wings were
strongly made in two layers superimposed with a space
intervening. The lower surface was of open framework,
carrying a number of fans with vertical axes, and driven
by the motor through bands, or rope gearing. The
upper surface was slotted and provided with valves at

F
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close intervals, which closed automatically by pressure
underneath, but freely opened under top external pres-
sure. A large tail vane effected the vertical and hori-
zontal steering, and the mode of progression was to
ascend vertically, and glide forwards and downwards,
and this process being repeated, propulsion was effected.

The aérocurve is a formation of the aéroplane proper,
in which the latter is stepped into a series of curvilinear
surfaces, derived from a cissoid, the upper or passive
surface being parallel to the asymptote thercof. It is a
complicated and somewhat expensive mode of construc-
tion, but when the opposing angle is between 7° and 15°
at a velocity of 88 ft. per minute, the retardation due to
the shape and angle gives a lifting power of .00397 lbs.
per square foot, and proportionately according to 22



CHAPTER VL
MOTIVE POWER.

IN dealing with the subject of motive power, we must
bear in mind that the construction of any motor, gene-
rator, and storage apparatus must afford the maximum
of effective power at a high rate of speed, and the
minimum of weight. We may divide the various types
suitable for the purpose under the following heads, viz.,
vapour engines (explosive), such as petroleum and other
internal combustion motors; steam engines (water or
spirit vapour), generators, clectric motors and accumu-
lators, and motors operated by compressed air or gases
stored in reservoirs.

Fuel.—In the first place, we may compare the value
of fuels as adapted for storage, consumption, and appli-
cation to aérial navigation. Coal and solid fuecls are
not adapted to close storage, and the calorific power is
far below that of liquid fuels. The three units of heat
now in usc are the B.T.U. (British thermal unit), being
the amount of heat required to raise 1 1b. of water 1°
Fahr. This unit is in ordinary acceptance in this
country, but to facilitate general research we may give
the equivalent values of the P.C.U. (pound Centigrade
unit), the amount of heat required to raise 1 lb, of water
1° Cent,, and the cal. which is the amount of heat required
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to raise 1 kilogram of water 1° Cent. The conversion
factors are—

Convert B.T.U. into P.C.U. x 0.555
A S8 TR b U s e (EEIL X 0.252
e e R E A B S 1L S
o A CGA SRS C [N 013423
o & 4Eal » B.T.U. x 3.968
SR Eal = L PICHL, 57 2]

The combustion of a hydrocarbon occurs when the
temperature is sufficient for the heat evolved to produce
luminosity, and complete combustion takes place when
the highest point of oxidation is reached. Incomplete
combustion is shown by unconsumed by-products, and
the escape of the gaseous residue at a low degree of
oxidation. For instance, the by-products should consist
only of water and carbon dioxide (CO,), and the result
of inefficiency is the presence of soot as a solid carbon
by-product, and free hydrocarbon or carbon monoxide
(CO) as a gaseous by-product.
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The following table shows the values in B.T.U. of
various fuels and constituents, upon the basis of Pullen’s
calculations :—

5 G Ay A
20053 | 3| §5
St &% | mE | mS | Molecular
Solid Liquid or Gas. ‘;:g 2."—5:; é_’ = e ‘Y{eli*;‘.» B.T.U.
£ 20 | g8 g8 3
s | 8z | &2 | &2
< = 3 S
Air - - -| .. |.0809|.2377|.1600
*Carbon - - | 11.97 | 108.7 | .2411 | . 14,540
Carbon dioxide - | ... |.1225].2164|.1535| CO.43.9
Carbon oxide - e |.0784|.2479 ] .1758 | CO.27.9 4,370
Coal gas - ER|[=sbos M| 55| ¥ s ia 17,800
Hydrogen - - | 1.00|.0056 | 3.404 | 2.414 H,.2- 61,260
Nitrogen - - | 14.01 | .0784 | .2440 | .1730 N, 28
Marsh gas - -] .. |.0448]|.5929|.4701| CH,135.9 26,400
Olefiant gas wee |.0784 | .404 C,Hy27.9 | 21,300
Oxygen - - | 15.96 | .0896 | .2182 | .156 0,.31.9
Steam, 212° |05 4750 | .34 11,0.17.9
Sulphur - - |31.98].127 |.2026| ... S,.63.9 4,000
Sulphur dioxide - | ... |[.1792| ... S,0.62.9
Petroleum, refined Sho 1T F Pt 22,000
= crude cue L9543 20,000

* This applies to approximately pure carbon—graphite.

Petroleum in most of its many forms has theoretically,
weight for weight, 33 per cent. higher evaporative value
than the best steam coal. Its useful effect is 15 per
cent. greater than that of anthracite, which is the best
known kind of steam-raising coal, since petroleum can
be reckoned as 75 per cent. efficiency instead of 60 per
cent. So, to sum up, petroleum may, weight for weight,
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be practically considered as from 63 to 75 per cent.
higher than the best coal.

: The following table shows the comparative values of

petroleum, fuel, and coal :(—

Specific ~ Evaporation
FueL. Gravity, B.T.U. Pounds Water

32° Fahr. at 212° Fabr.
Best steam coal - - - 1.380 14,112 12.16
Refined petroleum - - 0.928 17,832 17.10
Caucasian heavy crude - 0.938 20,850 17.30
Caucasian light - - - 0.884 22,027 22.79
American crude - - - 0.886 20,736 21.48

Therefore we may assume that for purposes of aérial
navigation liquid petroleum fuel will be preferably used.

Generators—The requirements of the equipment of
an air-ship demand the maximum amount of power
with the minimum of weight, therefore the tubular form
of construction appears best to meet the circumstances.
A relatively small and continuously injected volume of
fluid and a restricted steam space renders the generator
rather a rapid high-pressure gas producer than a steam
boiler. Sometimes a volatile liquid is employed, the
boiling point of which is less than that of water, and the
tubular structure of the frame of the aérial machine is
utilised as a surface condenser, with an auxiliary con-
denser if necessary. The disadvantages are in the
difficulty of efficiently packing the glands and stuffing
boxes of the moving parts, the vapour being extremely
rarefied, and permeating freely what would be a steam-
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tight joint; and the leakage is also attended with danger,
as its admixture with atmospheric air is highly explosive.
If, on the other hand, absolutely pure or distilled water
is not maintained in the circulating system, scaling takes
place to the detriment of the tubes, and the nature of
the construction does not allow of any cleaning process
but by the use of a chemical solvent, which is in itself a
source of degeneration.

We can, within the limited space afforded, only give
examples of the best generators suitable for the purpose,
making no comparisons advocating or depreciating any
particular design.

Maxim’s generator is shown by Figs. 61, 62, and 63.
The medium may be water, or gasoline or other liquid
hydrocarbon that is volatilised at a low temperature.
This is supplied through a feed pipe # to the boiler g,
leading through a chamber /%, pipes £, % 43, a chamber 7%,
and pipes #* to the bottom of a central chamber from
which it forces by induction the re-condensed vapour
into the heating pipes 4% above the heater 7!, #?% #%. The
‘vapour passes from the annular pipe /Z® through tubes /4*
into the annular space between the chamber / and the
central chamber 7, from whence it passes to the latter
chamber tangentially through suitably formed orifices 23,
Fig. 62, to chamber ;*, pipes ¢, /%, /% to another chamber 75,
from which it passes to the engine by the steam pipe 7.
The tubes /* are connected to the pipe 4 and chamber /%
by specially constructed unions, consisting of a conical
screwed nipple /45 Fig. 63, and a corresponding nut A"
The tubes 7!, #? and deflectors #? of the burner are made
of nickel or an alloy of nickel and iron. The supply of
gas or vapour is regulated automatically by the boiler
pressure or by the temperature, the latter of which acts
by the expansion of water in a chamber p, forming an
annular jacket to #. The heating surface in this type of
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generator is very great, and consequently the liquid and
steam spaces are restricted, requiring a constant feed.

Another generator, preferably for water produced
steam pressure, is shown by Figs. 64, 65, and 66. It
is the combined result of several inventions, and there-
fore cannot be classed as a distinctive apparatus. It
consists of an outer shell A, at the base of which is a
hydrocarbon vaporising chamber E provided with a
number of Bunsen burners ¥. A number of tubes & are
fitted with specially constructed tee unions ¢ at each
end, so that a uniform fluid circulation may be obtained
from the inner to the outer ring of tubes. Central tubes
a pass through the middle of the outer tubes, and also
through the unions ¢, and these form the outer tubes of
the Bunsen burners F, the heat from combustion passing
through and heating the inner surfaces of the tubes &,
and being diverted by diaphragms or baffle plates (not
shown) passes downwards, thus heating the outer surfaces
of the tubes & before passing to the atmosphere by the
orifice /i The system is kept full of fluid by a constant
and regulated feed at D, the steam passing from & to a
steam reservoir or holder B, from which it is taken to the
engine by the steam pipe C. Thus the annular capillary
space ¢ between each inner tube @ and outer tube & pre-
sents a large surface for heating a comparatively small
volume of fluid. The liquid hydrocarbon fuel is supplied
under pressure to E by an inlet # The drawing, Fig. 63,
being to a larger scale, illustrates the arrangement of the
two tubes.

Another form of generator designed by Maxim is
shown by Figs. 67 and 68. ~This consists of a large
number of thin metal tubes A of small diameter, con-
nected with larger tubes A! forming headers or water
chambers, and arranged in tiers as to the upper part, but
entirely surrounding the furnace at the bottom. The
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tubes are furnished with ribs or wings A? for facilitating
the transfer of heat. The headers A! are divided so that
the water which is forced in by pumps follows a sinuous
course from the cooler to the hotter portion of the
furnace, and finally delivered into a steam drum C com-
pletely vaporised. The capacity of the generator is
sufficient for effecting a few strokes of the engine only,

and the circulation of water is provided for by the
exhaust, which is condensed and used continuously.
The generator is heated by liquid or gaseous fuel, which
with the water is supplied by a combination of pumps in
predetermined relative proportions. The burners, shown
detached in section by Fig. 67, consist of a series of
perforated tubes D into which the fuel is forced along
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with air by an injector D7, of which the fuel admission
valve Y! is controlled by a thermostatic regulator. The
air is admitted through openings in the casing at D% and
the fuel after passing through a heat vaporiser is forced
through the injector nozzle D? by a pump. The thermo-
stat is fixed within the steam drum C, and consists of a
closed tube 2 containing a suitable liquid, and com-
municating by a pipe z® with a diaphragm z. The
valve V! is operated by the movements of the diaphragm
s! against a coiled or spiral spring.

Barbe’s heater is shown by Fig. 69, and is designed
for liquid hydrocarbon fuel with any kind of generator
having a large heating surface. The liquid enters by
the pipe ¢ and is vaporised at the centre of the burner,
and passes in regular quantities through the injector C,
controlled by the valve o, to the spiral tubular burner /
which is perforated. A lamp or any suitable device is
employed for igniting the jets. -

Internal Combustion Engines.—These may be
defined as engines in which the liquid hydrocarbon is
vaporised within the engine, the supply being regulated
with a corresponding air supply, forming an explosive
compound when ignited by an electrical high-tension
spark or heated tube. Hydrocarbons of low-flashing
points are preferable in point of economy, but there are
legal restrictions as to storage and transport in respect
of public safety generally which militate against their
use. From the heavier petroleum products we get a
wide range of hydrocarbons, as the following table will
show, the normal paraffins being specified.
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Definition. Boleohand. Nature.
Methane - - - | CI, Gaseous Gas.
Ethane - - E SOy - P s Gas.
Prophane - - -1 GHgy Gas.
Butane - - - C,Hy, 1° Solvent for resins.
Pentane - - - C,Hy, 38° % %
Ay b ) Cllyy 70° ] Illuminant and
Heptane - 3 . CyH,5 99° motive power.
Octane - - - CgH g 124° Motive power.
Dodecane - - - CyoHyg 202° Vaseline.
Hecdecane - - Cygllgy 278° Paraffin wax.

Benzol, C;H,, is obtained either synthetically by heat-
ing acetylene, C,H,, to nearly a red heat, or by the de-
structive distillation of coal. Its boiling point is 80.5°,
and it is frequently used as a liquid fuel, cither alone, or
in combination with other hydrocarbons.

The internal combustion oil engine, therefore, takes
the liquid hydrocarbon, vaporises it by heat, mixes the
air, compresses and ignites for an impulse to be given.
There are many kinds of vaporising devices; which may
be distinguished as—

(a.) Hydrocarbon liquid injected into a reservoir
chamber, and mixed with the proper air supply therein
by a spray, before admission into the cylinder.

(0.) Liquid injected into a small chamber with part
of air supply, the rest of air entering the cylinder by
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another valve. Therefore the contents of the vaporiser
are inexplosive until after admission to the cylinder.

(¢) The same as (@), except that no air-spraying
nozzle is used.

(d.) The liquid is injected directly to the combustion
chamber, and there vaporised, and air is 'drawn in by
the piston through a separate valve, and mixed in
compression.

The Hornsby-Akroyd engine is constructed upon
this principle, and although in practice this engine gives
excellent results, the piston area is relatively large, pro-
bably by reason of the imperfect admixture of gases.

When considering the calorific values of liquid hydro-
carbons used in this way, we must note that in the
exhaust a volume of water is produced by the union of
H and O, according to the weight of the percentage of
hydrogen in the mixture. This amounts to a little over
I 1b. weight of water per pound of liquid hydrocarbon.
The heat thus carried away must be deducted from the
computation of the thermal value of the fuel.

There are many light motors of this type now in the
market, but we can point out amongst them a few of
the best adapted for the purposes of aérial navigation.

The Daimler engine, shown in section by Fig. 70, is
of the two-cylinder vertical type. The liquid hydrocarbon
is forced into the float chamber F by pressure applied to
the reservoirs containing it in bulk. When starting the
motor the air is pumped into the reservoir, but after
running for some little time, a part of the exhaust serves
to keep up the necessary pressure. Either ignition tubes
heated by a lamp or clectric spark ignition may be used.

On the down-stroke a slight vacuum is formed in the
cylinder A. The valve E is held in place by a spiral
spring, is operated automatically, and when open allows
air to enter through the grating C and along the hori-
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zontal pipe to E, and by thence to the cylinder. At the
same, time the liquid hydrocarbon is sucked through the
nozzle at H, and mingles with the air in the cylinder to
form the charge. On the up-stroke the compressed mix-
ture is ignited at C, and a fresh impulse imparted to the
piston «, and the exhaust released by the exhaust valve at
E being actuated by a “hit-or-miss ” striker worked by a
cam J. The cylinders are water-jacketed at B. The con-
necting rods 4, &' and crank ¢ are shown in position. The
Diesel engine is an improved device, since the charge of
hydrocarbon is not introduced until the full charge of air
has been compressed sufficiently in the cylinder, so as to
be ignited directly the addition of the hydrocarbon com-
pletes the mixture. A corresponding test of a 20 H.P.
Daimler engine by M. Holbert and 20 H.P. Diesel engine
by Professor Schorter shows the relative efficiencies.

Daimler 2o H.P. engine—Diameter of piston, 8.5 in. ;
stroke, 12 in.; speed, 200 ; brake horse-power, 16.9 ; in-
dicated horse-power, 24.8 ; petrol, .053 Ib. per I.H.P.

Diescl 20 H.P. engine—Diameter of piston, 9.8 in.;
stroke, 15.7 in.; speed, 163 revs.; brake horse-power,
18.84; indicated horse-power, 26.31; consumption of
hydrocarbon per I.H.P., 0.40 Ib.

The Keelcom motor, with its special spray carburettor,
is another excellent type of engine, having automatic
action, and especially adapted for aérial navigation. The
motor is shown in section by Fig. 71,and the carburettor
by Fig. 72.

Referring to Fig. 71, a is the cylinder attached to the
neck of the crank chamber & by screws ¢. The crank
chamber & is made in two parts, and held together by
bolts. The piston is shown by ¢, piston rod f and its
fulcrum g, and the crank pin 4. The cranks and fly-
wheel discs 7 are secured to the crank shaft 7 by nuts
J* and locking plate 2 On one end of the crank shaft
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7 the driving pulley / is fixed by a key and nut s, the
other end. of the shaft carrying a pinion # gearing with
a wheel 0 of the half-speed gear of the ignition device.
To the wheel o0 is fixed a cam p, operating the stems ¢
and 7 of the exhaust valve. The combustion chamber s
contains the inlet valve # and exhaust valve #, v being
the spiral spring controlling the exhaust valve. The
inlet port is shown by v, and # is the combustion port
to the cylinder. On the outer end of the shaft carrying
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the half-speed gear wheel o is fixed a cam p which
operates the contact breaker z forming part of the
electrical ignition s'. The carburettor is shown in
section by Fig. 72. A float chamber a contains a float
b, through which passes the needle valve ¢, the latter
being held off its seat by the counterbalances &, The
petrol inlet &' is covered by the wire gauze strainer e,
and fis the spraying nozzle, ¢ the atomising cone, /% the
mixing chamber, 7 the hot-air inlet, ;' the suction regu-
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lating port, and £ the connecting neck, / being a nozzle
and cap for cleansing purposes.

These engines are compact, and work well and
economically at high rates of speed, but as yet no
certified test has been made. The choice of a suitable
motor depends upon lightness relatively to power, and
the comparative weight of fuel to last a reasonable time.

Electrical Motive Power. — There are scores of
light motors of high efficiency especially adapted to
aérial propulsion, but the storage of electrical energy is
up to the present time prohibitive on account of the
great weight to be carried, and the absence of con-
venience for re-charging except at certain places, unless
accumulators of sufficient capacity for an out-and-home
charge are provided. This may be obviated if a system
of aérial navigation was once established, because every
city or town of any importance would have a special
charging station. It must be remembered as a set-off
to the weight of the accumulators that no intermediate
gearing is required between the electric motor and its
work, since the propellers may be proportioned to the
speed, and this again regulated within certain limits
according to the design and winding of the motor.

In calculating electrical power we take E to be the
potential or electro-motive force, and C the current or
flow in ampéres, using simple phraseology. Then

EXC=W
where W means work or electrical energy in watts.
Then
W —
740
Assuming then that 10 E.H.P. is required for five hours,
say at an E.M.F. of 120 volts and 62 ampéres.
P R e 120EX62C _ 7460
746 746

E.H.P. (electrical horse-power).
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Then as each accumulator cell is equal to 2 volts, 6o
cells of the lightest pattern are required, and these
weigh, inclusive of the electrolyte (sulphuric acid diluted
1 to 11), 68 lbs. each, or 4,080 lbs. or 2 tons with
accessories, and with 19 plates will give a discharge of
300 ampére hours. Compare this with the steam or
hydrocarbon cngine, taking a mean of the former at
0.9 lb. per horse-power per hour, and 0.8 lb. per horse-
power per hour for the latter. When an efficient sub-
stitute for lead of much less weight is found to produce
the same storage effect by clectrolysis, electricity will
be found to be the form of energy best suited to air
propulsion, but no advance in that direction has hitherto
been successful.

But in cases where several propelling shafts are to
be driven by the prime motor or engine, and these have
their axes arranged in several planes, no more efficient
intermediate gear can be devised than a dynamo
generator driven by the engine shaft, and operating
motors to rotate each propeller independently. In this
respect, light, compact, and efficient propelling mechanism
may be made by the proper utilisation of electrical
energy.



CHAPTER VIL
STRUCTURE OF AIR-SHIPS AND MATERIALS.

WHEN we review the march of scientific knowledge
and practical development that renders the clements
subservient to advancing civilisation, we cannot sce a
single instance in everyday lifc that has not been built
up of failures. The fast express trains, ocean grey-
hounds, telephony, telegraphic systems, and the thousand
and one improvements that contribute to our daily wants,
owe their origin not to one, but to many inventors.
Some are in advance of the time for the actual demand,
others fail, others concentrate all their mental energy
on this failure, and master it, to fail in some other
point. And so the wheel of time rolls on; new brains
with better auxiliary appliances come upon the scene,
and at last man is the conqueror, and the result is then
merely competitive as to details and efficiencies, the
basis of success being attained. The inventors who,
if they failed individually, contributed to the grand
attainment collectively, their names are recorded in
sand. We have reached a stage now in aérial naviga-
tion in which engineering skill and forethought can
suggest the best structure for lightness and strength, and
more especially the materials best suited to the purpose.

Models.—Working models are delusive unless they
are made for a practical purpose in a practical manner.
Of what use would a model of an automobile omnibus
car be if made exactly to scale and about the size of an
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automotor tricycle. The true demonstration would
be to build the tricycle as a tricycle, and suitably equip
it as such. Suppose a model was made of a large ocean
liner 6oo ft. long upon a scale of } in. to the foot, say
+sth full size, and to demonstrate by that model what
could be done upon a larger scale. Here the model
would be 12.6 ft. in length, 1.9 ft. midship beam, with
a depth of 2 ft. Here the low-pressure cylinder of one
of the twin screw engines would be 2.75 in. in diameter,
and the high-pressure cylinder 0.87 in., and the boilers
and fuel spaces equally useless, although strictly to scale.
Would it not be better to consider the model as a launch,
engine it as such, and demonstrate it as a successful
launch, but not as a sample of what an ocean liner forty-
cight times its size should be. As a matter of fact, the
ocean liner is far more efficient than a small launch
could be.

The waste and leakage incidental to machinery and
friction do not increase proportionately to the size and
power. Therefore, if an air-ship be made to carry two
persons, it should be clearly understood that the calibre
and structure are suited to such a load, but a ship to
carry one hundred persons would be a specially con-
structed apparatus, not following the lines of the first
with proportionate dimensions. Let the demonstration
be regarding the model, if so considered, that two persons
can be carried by vertical and horizontal propulsion
through the air at a certain speed, and it is fair to
suppose that a more efficient apparatus may carry one
hundred persons, the whole structure being designed
with that object alone.

An automobile car may be correctly defined as a
substitute for animal power for drawing loads and
passengers. It is, however, obvious to the merest tyro
that to adapt the mechanical power derived from the



104 AERIAL NAVIGATION

motor to a set of artificial legs is not to efficiently carry
out the required object. Therefore our substitute takes
the form of wheels mechanically driven from the axis.
A continuous rolling motion is sustained by the motive
power, resulting in progression upon the surface of the
ground against the resistances of a load and of traction,
in contradistinction to the pedanecous movement of
animals. No analogy can be instituted between these
mechanical functions, except in that the same duties
are fulfilled in both cases. Again, the propulsion of a

ship is in no way analogous to the invisible darting
movements of the bonito or the dolphin. We do not
intend to assert that wings are not suitable to the
mechanical movements derived from motors, but that
such a mode of artificial flight must, to be effective, be
supplemented by the screw propeller. Some engineers
have pronounced against the possible use of wings upon
the grounds that the strains and stresses set up by un-
balanced forces in the application of sufficient power
to effectively act upon the comparatively large surface
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would prove immediately destructive to the apparatus.
A reference to Fig. 73 shows that the forces need not
be unbalanced if the vertical motion is produced and °
sustained by the wings, partly flapping, and partly as
an aéroplane, the horizontal progression depending upon
a propeller or propellers.

Let 2, 2! be the wings, jointed at the fulcrums x, 2,
and p a pinion driven directly by the motor, and gearing
with two spur wheels s, S of equal diameter. ¢, ¢! is a pair
of opposite cranks on S, and &, 4* a similar pair on s, the
latter effecting the downward stroke, and that of s the
corresponding upward stroke. The wings are linked to
the connecting rods #, #1, 72, 73 by means of plate links /, /%,
and the surfaces are plain or may be valvular, opening
upon the up-stroke and closing upon the down-stroke.
As a lifting and soaring mechanism this has a greater
cfficiency per square foot per H.P. than a rotating
propeller or set of propellers, yet for horizontal pro-
pulsion the latter is without doubt the best mode of
utilising power.

Adverting to the subject of sensitive equilibrium, it is
obvious that a large air-ship is less sensitive than one of
smaller calibre, in the same degree as an eight-oared
outrigger is to a yacht. The control is not necessarily
anticipatory, it becomes a method of steering, and can
be automatically effected by a suitable gyrostat. Also
while an aérostat forms part of an air-ship, the equilibrium
is more easily maintained.

The -aérostat, without departing from the range of
foresight incidental to common-sense, will not eventually
form any part of the structure of the practical air-ship.
The want of confidence in entrusting life and property to
suspension in an unstable element by reliance upon the
fallibility of mechanism will keep the aérostat for some
time until sccurity is assured, and the contempt born of
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familiarity prevails. It will not disappear at first, but
will be used to render the comparatively heavy structure
more buoyant, and so will dic away by degrees, unless
used for towage, and the flotation of loads.

The stecring of an air-ship is an important feature
bearing upon its general structure. The steering has
not only to be opcrated from side to side, but also up-
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wards or downwards. The only effective rudder is
shown by Fig. 74 in plan and cross section, # being a
gimbal fulcrum, and the dotted outlines the directions of
motion,

The area of each plane should be one-third that of the
total arca of the ship. The steering may be better con-
trolled by small electro-motors operating worms or endless
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screws and toothed quadrants, the current being derived
from a small dynamo-generator driven from the shaft
of one of the propelling motors. A pair of two-way
switches may thus constitute the steering board, upon
which will also be fixed the aneroid barometer, mag-
netic shielded compass, thermometer, hygrometer, and
clinometer.

Sir Hiram Maxim has adopted such a pair of rudders
to one of his recent aéroplanes, Fig. 75, which it may not
be out of place to describe fully in connection with the
tail vanes or rudders B. The frame is built up of two
main side trusses a, at, @2, a® a*, and the framework is also

provided with tubular struts, braces, and guys, and a!
and a® are extended above a* so as to allow of the
suspension of pivoted auxiliary wings or vanes, as at a®°
Longitudinal stays or wires support the main aéro-
plane p. Tail vanes or rudders B are pivoted at cach
end of 4% and tied together by crossed wires 4, and
arc operated from the platform by cords and winch,
or a piston and cylinder. Means are provided for the
adjustment of the inclination of the aéroplane. Two
screw propellers of light and elastic formation, ¢, are
driven by twin engines operated by pressure derived
from a stcam generator g of peculiar construction, The



108 ALRIAL NAVIGATION.

medium is the vapour of gasoline or other easily volatil-
ised fluid, which may be condensed after exhaustion by
the exposure of the surface of the tubular framework to
the atmosphere, from which it is returned to the generator
by the feed pumps. The platform or car is supported
by wheels when upon the ground to facilitate the ascent
and descent.

Having thus considered as far as possible the general
details, we may deal with the structure of any air-ship,
taking the suitable materials and application of them in
due order.

Framework.—We see, since the adoption by the
public of cycles and autocars to such an extent as to
create a separate branch of manufacture, that tubular
frames have reached the highest point of efficiency,
which is the attainment of the maximum of strength
with the minimum of weight.

The “ modulus of rupture” is eighteen times the load
that is required to break a bar I in. square cross section,
supported at points I ft. apart and loaded in the centre,
and the following table gives the values in tons per
square inch, according to Rankine and Clark’s tests :—

Material. sl okl &
Steel tube - - - - - - - 20 to 28
Wrought-iron bar - - - - - - 20 to 21
Riveted tubes, plate-iron - - - - - 13to 135
Plate beams - - - - - - - 18 to 20
Cast-iron bar - - - - - - - I3 to 15
Cast-iron tube - - - - - - - IIto 12
Wood—Red pine - - - - e 3to 4
Spruce fir - - - - - - 4to 3§
Larch - - - - - - - 2to 4
Saul - - - - - - - 7 to 10

Teak - - - . - - - 6to 9
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And the corresponding weights of drawn steel tube,
suitable for framework, are here tabulated according to
pounds per lineal foot per gauge :—

THICKNESS OF METAL 1IN ParTts oF AN INcH.
B

3".’ 1'15 % Tnlf i ’156 § Tv‘ﬂ' é

1 008 | .21 .5 .9 o7 1.9 2.5 3.1 3.9
8 Sail G b7/ I.I 16N 203 2590 =358 1546
] i S Ea! e PR ] | A I T e R B e T
8 .46 | 1.1 1.6 253 Bl 39 | 49 | 5.9
3 SARESS I508 [2s60ll - i e s Iisois 1156.6
1 5z 1.5 08| 2val insge s Srat o BN Ao Tl 627401 749
1} 387 .8 50| E ) S R ] (Rl e R 5T
13} e T 2.1 R34y 5.9 7.4 | 8.9 |10.6
2 0N e e 28 | 43 | 59 | 76 | 9.5 1.3 |13.2

In polygonal framing, in order to determine the
character of any strain, we will suppose AB and Ac (Fig.
76) to be any two bars of a frame. Produce the lines AB,
AC,toDand E. Let @ represent the direction of the load if
it passes in any direction between B and C, or & if it passes
in any direction between D and E, ¢ if between E and ¢,
or & if between B and D. Then e will be in compression
on AB and on AC, and & will be in Zension on AB and AC, ¢
will be in tension on AB and in compression on AC, while
d is in compression on AB and in tension on AC. The re-
sultant strains may then be computed in numerical value
by constructing a parallelogram of forces, as Ifig. 76a.

Let AB and BD be two forces, strains, or loads, be
measured off to any scale according to the known value,
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and the direction in which they tend. Join DC and AC
parallel to AB, BD. The diagonal BC then represents the
resultant, in direction and value when scaled off corre-
sponding with AB, BD.

Castings.—For lightness and strength all joints for
framework should be made of one of the aluminium
alloys of either of the following grades :*—

{
Composition per cent. |
Strength, Elongation
Tensile, per sq. in. per cent.
Aluminium. Copper. Zinc.
5.8 67.4 26.8 95.712 I
33 63.3 33-3 85.867 7-6
3.0 67.0 30.0 67.341 12.5
1.5 77.5 21.0 32.3560 41.7
1.5 71.0 27.5 41.952 27.0
1.25 70.0 28.0 35-059 25.0
2.5 70.0 - 27.5 40.982 28.0
1.0 57.0 42.0 68.218 2.0
TR 55.8 48.0 69.520 4.0

* A binary aluminium alloy containing 7.5 per cent. of tungsten
has recently been put on the market, gives a tensile strength of
15 tons per square inch, the specific gravity being 5.58. A tern-
ary alloy, Wolframinium, contains 98 per cent. aluminium, 1 per
cent. tungsten, and I per cent. copper; specific gravity 2.74,
tensile strength wrought 15 tons per square inch, cast in chills
12 tons, rolled or drawn 22 tons. Romaniun: contains 1 per cent,
tungsten, 1 per cent. nickel, and the specific gravity is 2.75. Itis
harder and possesses greater clasticity than the former alloys, and
takes tooling better than Héroult aluminium.

Magnalium.—This is an aluminium-magnesium-antimony alloy,
tensile strength 14 tons per square inch, specific gravity 2.52+0.03.
It may readily be integrally joined -by soldering or semifusion,

analogous to welding, and is in great demand in Germany in auto-
mobile car frames.
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The first composition shows the best result, and
its weight per cubic inch is 0.2873 lb. In casting it
flows well, and gives a sharp clean casting, and is
best made by adding the aluminium to the copper
after the zinc has thoroughly melted and combined
with it.

Aluminium solders may be made by melting 20 parts
of aluminium and adding 8o parts of zinc, and when
both are mingled add some Russian tallow, stir with an
iron rod before casting into sticks. The flux is 3 parts
copaiba balsam, 1 part Venice turpentine, and half a
teaspoonful of lemon juice.

For blow-pipe soldering the following is the best
composition :—

Aluminium - - - - 20 parts
Copper - - - - SO
Tin - - - - SR 00
Silver - - - - i 10 L
Zinc - - - - SE20 s

Bearings.—The most important bearings are the
thrust bearings of the propeller shaft. These should be
made so as to run in an oil bath, and have thin radiator
plates cast around it to dissipate the heat generated
by friction. If the thrust be upwards, as in vertical
propulsion, the outer shell of the jacketed casting
should be cast with lugs on it to which may be attached
the carrying stays, strong spiral springs being interposed
to prevent excessive vibration, and to neutralise shocks.
A guard plate with a collar on the shaft should be added
above the thrust bearing, with scparate stays to prevent
accidents if the thrust should give way. The pressure
on the thrust bearings may be estimated at 6o Ibs, per
square inch.
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The external diameter of the collars should be as
D+D o0.23, and the number of collars proportioned
directly to the load W in pounds, A being the total
bearing contact area of the collars.

A= b and A _area of
60 n

one collar, # being the number.

The ordinary high-speed engine bearings have a
pressure of 200 lbs. per square inch, and the length
should be D4.3 to D6 for shafts from 2 to 1} in.
diameter, and D3 as a standard from 3 in. diameter
upwards.

Shafting.—The diameter of mild steel shafting in
inches is calculated from

3 >
D=5 “/I;I where v=

revolutions per minute. This formula shows that the
greater the velocity, the less torsional strain is imposed,
and hollow shafts resist torsion better than solid ones of
the same area. The weight z in pounds per lineal foot ‘is

w=D2x 2.647
and for hollow shafts the lesser diameter is deducted—
w=D?X 2.047 —d? X 2.647.

The distance between bearings where no work is
taken off the shaft, 6 being in feet—

b=52 /D% (Din inches).

Wire Stays.—Wire rope and single strand stays
are best made of Delta metal, No. 1 alloy, since by the
following comparison the tenacity is good according to

H
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test, and since a smaller diameter may be used to resist
a greater strain than is the case with iron or steel wire,
with the further advantage of being non-corrosive under
atmospheric changes it may be used for acrophne wing,
and rudder rigging.

A comparative table gives the tenacity in tons per
square inch :—

g e Nt Ty
Delta metal, No. 1 - - - - 48
Delta metal, No. 2 - E = e 41
Manganese stecl - - - - > 38
Nickel steel - c L < = 34
Aluminium, 1 per cent. bronze - = - - 35

The weight of Delta metal is 0.3236 lb. per cubic
inch, therefore the weight is

D?X 9.24 X 0.3236 =1 in pounds.

Wood.—In the construction of air-ships a certain
quantity and quality of wood must be used, and there
are various kinds suitable for special purposes, among
which we may instance :—

Ash, for elasticity, but not good for weather alterna-
tions. American varieties arc best. j

Beech—The white variety admits of thin division.

Wych Elm—Espccially suitable for steam bending.

Rock Elm (American).—Closer grain, and better to
work. :

Oak.—Durable in exposure to weather; light, hard
grain, but works well. On account of the tannin con-
tained, it must not be used in contact with iron.

Plane (Sycamore)—Works well, very durable.



STRUCTURE OF AIR-SHIPS. 11§

Willoww.—Suitable for friction pieces—brake blocks,
sheaves, &c.; the weight per cubic foot being given in
order to facilitate calculation.

Woop. e 1. - Lot pond

Ashe, 8 SO SRR 800 50
Beech - - 4 i - 690 4342
Wychelm - - - - 570 35.62
Roclk /glnd S¥mia £ 20 Fs 671 42493
@l - 1 3 % - 872 54.5
Plane - > 7 ; 3 623 38.93
Willow - - . - 486 30.37

Aeroplanes and Aerocurves.—When thesc are made
of fabric, yacht duck may be employed if a broad mesh
about 8 in. pitch of No. 18 SSW.G. Delta metal wire is
uscd on the back surface against the pressure. The ends
of the mesh should be twisted and soldered around the
bolt ropes or wires forming the hemmed edges. The
weight of a square foot of undressed duck canvas is
0512 lb., and fine sail canvas is .0678 1b. per square foot ;
pegamoid, .1032 1b. per square foot; sylamoid (deterio-
rates rapidly when subjected to heat), .0785 1b. per square:
foot. For gas envelopes undressed Tussore silk weighs
.0175 lb. per square foot, dressed .048 lb. Urtalaing, a
fabric made of Rhea fibre, similar to silk, but weight for
weight of less tenacity, .03986 lb. per square foot dressed.
Calico, dressed, .0598 1b. per square foot.

If sheet metal, such as aluminium, be used, the
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following table gives the weight per square foot in
pounds, relatively to the gauge :—

Bw.G, | Thickness, | Foundsper || pw.g. | Thicknéss, | STONlPer
28 .0I§ .20 22 .029 .39
27 .018 .24 20 .035 .47
26 .020 .27 18 .048 .68
25 .021 .28 16 T .83
24 .025 .33 14 .080 1.07
23 .028 .34 12 .109 1.49

From the data given as to suitable materials, strength
and weight, with a reasonable design in view which
may be practically applied, an air-ship may be con-
structed, always bearing in mind that the dimensions
requisite in order to successfully carry 1 ton are not to
be considered as a unit that has but to be doubled in
every particular in order to carry 2 tons, and the same
reservation equally applics to velocities. And hitherto
we have presumed a still atmosphere, but the structure
should be designed and proportioned to withstand the
strains and stresses imposed by a gale of wind, plus the
contained power to sustain a reasonable speed under the
circumstances.

This points at once to the greater efficiency to be
attained by air-ships of greater calibre, relatively to the
best work of the one or two passenger air-yachts.



CHAPTER VIIL
AIR-SHIPS.

IN this chapter we propose to treat of air-ships as
combinations of aérostat, aéroplane, and propelling
apparatus, dealing with all the best experimental types
categorically without reference to the merits of each.

It is, however, worthy of remark, that Mr J. M.
Partridge in 1847 invented and made an air-ship which
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he termed “ Pneumadrome,” and made several successful
flights, the steering, however, being imperfect. Many
valuable points of his invention have lain dormant for
fifty-five years, to be resuscitated as chief and prominent
features in our latest practical development of aérial
navigation. Partridge, however, had neither oil engines,

aluminium, nor pure hydrogen available in his day. This
air-ship is shown by Fig. 77.
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The aérostat A is formed upon a light frame consist-
ing of rings, held together by longitudinal bars ¢, and
trussed to equalise the strain, The fabric was drill
canvas, treated with caoutchouc in solution, and weighed
I lb. per square yard. An internal air-bag or envelope B
was controlled by a valve and pump e in connection with
the generator /. A head sail 7 and stern sails %, 2’ had
braces and halliards for steering. The car C contains the
motors, and the apparatus was driven by three propellers
& of which only two are visible. The body of the
aérostat was covered by a light wire netting, in addition
to that carrying the car, and the sails %, %’ acted as aéro-
planes as well as for steering purposes. The air-chamber
B fully compensated the variations of gas volume and
pressure in A, and this, with other parts of the structure,
have been utilised in later machines.

Folacci and Bertius’ air-ship is shown by Iig. 78, in
which the aérostat « is provided with a deep under-hung
keel & in which horizontal propelling screws ¢ revolve in
casings. A rudder 72 has a cased propeller A, and a tail
rudder Z has another cased fan /, and both rudders may
be moved laterally to effect horizontal steering. The
mechanism is driven by a motor in the car g.

Fig. 79 illustrates: Falconnet’s air-ship, in which two
hollow cones A, A abut against an intervening cylinder B,
the whole constructed on one frame of steel tubing,
strengthened and stayed by double braced trussing ¢, &,
ties g, and stanchions e. The shell of the aérostat is
made of very thin metal, or fabric rendered impervious
to gas and water, and is divided by partitions into sub-
sections @, having manholes, gas supply, and exhaust
pipes with stopcocks arranged for filling or exhausting
any of the chambers independently. The double truss-
ing & forms the roof of, and supports the engine-room
and cabin #, which is partly within and partly extends
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below the structure of the air-ship. A chimney s is pro-
vided to carry off the products of combustion and foul
air from a vertical uptake # The cabin is formed with
sharp ends to reduce resistance, and also has suitable
doors and windows. Horizontal longitudinal shafts
carry propellers 7, with an after propeller 72 which may
be moved by universal joints in any direction for steer-
ing, and effecting horizontal or vertical deviations in the
direction of flight, the brackets / being properly con-
structed for this purpose, the dotted outline % showing
such deviation,.
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Fig.80

The Hilfreich air-ship (Fig. 80) is shown in plan, and
the aérostat a is elliptical in shape, and supports two
cars 4, {' connected by a transverse gangway (not shown).
It is propelled by two feathering paddles ¢, ¢ which afford
the horizontal propulsion, and two screw propellers s, s’
effect the vertical movement. Steering is performed by
a movable vane or fin f; and the mechanism is driven
by an internal combustion engine.

Molesworth-Hepworth’s air-ship is shown by Fig. 81,
in which the aérostat A, having pointed ends B, is divided
into compartments by divisions C in which are separate
gas-bags D, with independent inflating and deflating
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appliances. A longitudinal bar E supports an aéro-
plane H, itself being supported by rigging C from the
aérostat A. The car I is supported by and below the
bar E, and forms the centre of buoyancy of the air-ship,
the supporting bars K being rigid, except for horizontal
angular deviation by means of the ropes M, by means of
a quadrant or bell crank lever N or a windlass. One or
more propellers 0 are driven by the motor through

gearing R, these propellers having stiff leading edges and
elastic or flexible rear ones. The buoyancy of the aéro-
stat A is controlled by varying the pressure of air in the
intervening spaces between the gas-bags D by means of
a pump U, and flexible pipe s, with a suitable liberating
valve. A rudder is shown in dotted outline.

De Bausset’s air-ship is shown with the aérostat in
section by Fig. 82. The aérostat A is built up of steel or
thin metal plates, with internal bands and cross ties to
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strengthen the structure. Conical ends O are provided
which are normally held in position by the external
atmospheric pressure, since the inside of A is partially
exhausted, spiral springs in tension tending to open

0 if the internal pressure increases. Central sustaining
planes or steadying plates C are fixed centrally within
the aérostat A. The boat-shaped car B is adapted for
floating upon the water, or for land transport upon the
wheels, and is suspended by means of jointed rods D,
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and a rope E upon a windlass allows of its being adjusted
forwards and backwards. Boxed or cased propellers 1
provide the necessary propelling force, and these are
independently driven by the current derived from
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accumulators in the car B. The altitude is varied by
admitting air to or exhausting the interior of the aéro-
stat A, a suitable electrically driven pump performing
this operation.

Fig. 83 represents Worm’s air-ship. The aérostat A
is nearly buoyant enough to support the whole mass,
and has attached to each side inclined aéroplanes, the
edge ¢ of which only is visible upon the elevation. A
curved rod D extends from one end to the other of the
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machine, which carries a balance weight E. H is a tail-
‘piece or rudder, capable of being moved upon a vertical
axis. Propulsion is effected by means of feathering
wings F, to which motion is imparted by an internal
combustion or other motor D. By adjusting the balance
weight E upon the rod D, the aéroplane C and the whole
machine may be made to assume an inclined position, so
that the combined action of the wings F and aéroplane C
tend to raise the air-ship and propel it forwards. The
car B is of wedge shape in plan, and carries the generator,
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storage tank, or the like, G, and the motor D" with the
fulcrums of the wings F.

Boisset’s air-ship is illustrated by Fig. 84, and consists
of an aérostat, the frame of which is formed of a number
of light metal or bamboo rings with radial struts
threaded upon an axial tube ¢. Transverse stays g tie
the ends of ¢ to the upper periphery of the central ring
of the frame, and the whole is covered by a double layer
of silk cemented together by indiarubber solution. The
car 7 is suspended from a plate D secured to a band C
round the largest circumference of the acrostat and

steadied by ropes 0. The actual suspension is effected
by link work /, ¢, which tends to keep the car in position
when the weights therein are shifted. Propulsion is
effected by a single screw propeller in front of the car,
and twin propellers at the rear end, the steering being
performed by the manipulation of the latter.

An air-ship with twin aérostats has been invented by
L. E. Roze, and shown by Fig. 85, which is a plan view.
The two aérostats A, A" support the car B, and are so con-
nected that the internal pressure is equal in both, and a
collapsible reservoir is provided in order that the gas
may expand without loss. Propulsion is effected by two
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horizontal propellers E, and vertically by three similar
propellers the axes of which are at right angles to the
horizontal plane. The air-ship is steered by a tail-piece
or rudder F. The framing of the car B is provided with
buffers or check springs to neutralise shocks when
coming to rest.

Fig. 86 is an end scctional view of Chillingworth’s
air-ship, which consists of an aérostat D supporting a
car v, and propelled by feathering wings B, formed of an
elastic framework covered by textile material, the dotted

outline showing the position assumed when at rest. The
inner ends of the wing arms carry toothed segments
which gear with each other, shown by g, %, which are
worked by a reciprocating motor, the feathering being
actuated by stop links. A rudder attached to the car ¢
admits of steering in any direction. The aérostat is
divided into three or more internal chambers, the inner
of which may be inflated or deflated with air to com-
pensate the variation of the volume of gas in the outer
envelopes.
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Middleton’s air-ship, an elevation of which is shown
by Fig. 87, also consists of two parallel aérostats &, &
similar to that of Roze, previously described. The
aérostats 4, &' are drawn together by a bent longitudinal
frame 7 to which is attached a curved shield plate, which
effectually screens the aérostats from the heat radiating
from the motors and generator g. Internal bags or
envelopes, shown by the dotted lines ¢, ¢ within the

aérostats 4, &, are provided to act as partial condenser for
the exhaust from the motor, the heat thus dissipated
expanding the volume of the surrounding gas. Propul-
sion and steering are cffected by a propeller 2 and an
auxiliary propeller 7, the rotation being performed by
the motor and the variation of the planes by hand in
both cases.

Fig. 88 is an clevation of Pennington’s air-ship, which
consists of an aérostat A of shect aluminium carrying at
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its bow a propeller F driven by a motor M placed within
a recess in the aérostat, accessible from outside. Central

aéroplanes E are attached to cach side of the aérostat 4,
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and lifting propellers E are fixed to revolve within suit-
able frames in these aéroplanes. A fin or central vertical
plane C is attached to the top of the aérostat. The car

Fig. 89

D is divided into two compartments, one above the other,
the upper one being for passengers and auxiliary appli-
ances, and the lower D? for electrical accumulators which
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supply the current to clectro-motors driving the lifting
fans E and the vertical and horizontal rudders G, H, also
the ignition for the explosion in the cylinders of the
vapour engine M. The liquid hydrocarbon is stored
under pressure, and the framework and all parts are
hollow, and filled with gas. Stays ¢’ maintain the rigid
position of the car D.
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Lochner’s air-ship is illustrated by Fig. 89, and has an
aérostat ¢, with a central aéroplane 64 surrounding it,
and a curved adjustable.aéroplane ¢ below it, this having
a rigid weather edge f which is carried upward to the
central aéroplane 4. The reaction of the air currents
escaping from the rear lower edge of ¢ tends to an im-
pulse forwards. . The aérostat @ may be circular in plan,
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and the lower portion may, by collapsing into &4, act as
a parachute. A narrow horizontal beam /% carries the
propeller ¢ and its shaft and bearings, a small car con-
taining the motor 72, and steering gear for controlling
the rudder 7.

Hite’s air-ship, shown by FKig. 9o, consists of an
acrostat A, with metal end caps @, and has an internal
air-bag, as shown by the dotted outline, which is inflated
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or deflated according to the pressure of gas in the
aérostat. The gas envelope of the adrostat A is con-
nected to a heated -elastic vessel ¢ through a pipe &,
and is kept in circulation by a fan ¢. Cased propellers
fare attached to the machine by saddle frames f* and
to each is hinged a rudder g which is operated from the
car by ropes and pulleys. Ballast chambers £ are sus-
pended from the car by cords or links £,

Fig. o1 illustrates Bliimelhuber’s air-ship, consisting

1
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of an aérostat A, with a central horizontal tube B of
metal, shown by dotted lines, through which a shaft
passes, carrying two propellers G, M, driven by an clectro-
motor C which is supported by the thrust bearings of

the shaft B and a curved bracket y upon the car. The
steering is effected by mounting the propeller M upon a
universal joint, so that its plane of rotation may be in-
clined. Electrical accumulators are provided in the lower

A
/ h
S T
3 \“ 'Il D
Fig 93

partition z of the car, to furnish the driving power for

the motor C.
Nah!’s air-ship is shown in elevation by Fig. 92, and
a midship section Fig. 93. The acrostat A is internally
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divided by gas envelopes ¢, ¢, &, ¢, and the car C is fixed
to the framework of the outer casing of the aérostat
and is actually inside it, below the central surrounding
aéroplane /.

An electro-motor drives two propellers D, D, effecting
horizontal propulsion, and a weight J supported by a
rod K admits of the adjustment of the centre of buoy-
ancy, and also for ballast.

Professor Langley, of the Smithsonian Institute,
U.S.A,, has constructed an air-ship (Fig. 94) in which

the upper part of the body « is an aérostat, and the
lower part @ an open framework carrying the motors
operating the horizontal twin propellers r, P/, steering
being effected by varying the rates of rotation of these
independently of each other. Aéroplanes w, 2’ maintain
by their angle of inclination the vertical lift, and are
supported by and controlled from a mast 2.

Count von Zeppelin’s air-ship is shown in clevation
by Fig. 95 and midship section by Fig. 96. The aérostat
comprises a framework of longitudinal tubes » inter-
spaced by wire ropes s proceeding radially from central
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hubs w, a vertical strut v being placed at intervals across
the diameter of the aérostat throughout its length. Itis
divided into compartments containing gas-bags shown
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by the dotted lines. The aérostat is very long relatively
to its diameter, and supports two boat-cars g, one only
of which is shown. A gangway / runs the whole length

of the machine from which any part may be reached by
ladders f. Several aérostats may be joined together
forming a flexible train propelled by the air-ship, and



AIR-SHIPS, 133

carrying goods or passengers. The junctions are coupled
by universal joints and the fabric of the aérostats joined
by strips of similar fabric.

Horizontal steering is effected by rudders ¢, ¢/, and
the inclination of the axis is adjusted by means of a
weight & suspended from a wire rope along which it
is made to travel by an endless rope #* operated by a
winch ' in each car g&. The internal combustion engine
m is contained in the car g, and drives the propellers #
for horizontal propulsion by suitable shafts and gearing
within the framework and ladder /.

Santos Dumont has successfully accomplished the
steering of an aérostat, notably in open competition in
which he was the winner of 15,000 francs by rounding
the Eiffel Tower. Since this the inventor has made
several successful steering flights. The air-ship consists
of an aérostat inflated with hydrogen, and containing
an air-bag for compensation, and a screw propeller, the
axis of which is inclined, and a rudder of relatively
large area is under the control of the aéronaut, who is
placed in a small shielded car which also carries the
motor engine, preferably an internal combustion liquid
hydrocarbon type. M. Dumont has invented a very
light and powerful twin or multi-cylinder engine for the
purpose, each pair of cylinders being placed in tandem,
operating one piston rod, the explosions having the
effect of a double-acting single-cylinder engine.

Dr Barton in the United States has just built an
air-ship, the trial of which has not as yet been reported.
The aérostat has three aéroplanes placed below the
centre with an aggregate area of 1,044 sq. ft., which he
claims to have a lifting power of 972 lbs. or 1 1b. to 2
sq. ft., equivalent to an air velocity of 880 ft. per minute.
There are eighteen propellers arranged at different
angles. The aérostat has an internal compensator or



134 AERIAL NAVIGATION.

air vessel capable of being inflated or deflated. It is
noteworthy that nearly cvery modern type of air-ship
adopts this compensator, and it is invariably referred to
as a special feature, although employed, as we have
seen, by Partridge in his air-ship the “Pneumodrome ”
in 1849. Dr Barton renders his air-ship stable longi-
tudinally by forward and rear water tanks, the water of
which is kept in constant circulation through a double
tubular system by an electrically driven pump. A valve
is fitted in each section, these being controlled automati-
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cally by a heavy pendulum, one of the tanks being filled
and the opposite one emptied inversely according to the
tendency of the inclination.

The “Aéraonic” air-ship is as yet the most successful
experimental apparatus yet tried, and lengthy trials have
been made of a 10 ft. model in which the air-ship was held
captive at a height of 100 ft. by a hawser, around which
it was steered from the ground by two double pole link
switches, the conductors being attached to the hawser
and included in the circuits of the steering motor. The
clectrical current for this and the propelling motors was
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generated by a dynamo upon the shaft of a 45 H.P. petrol
twin cylinder motor upon the platform of the ship, and
vertical ascent was accomplished without extraneous aid.
These successful trials led to the formation of a syndicate,
and an air-ship 50 ft. in length and 40 H.P. is now in
process of building. Fig. 97 is an elevation of this air-
ship, in which a platform s carries the whole of the
mechanism, and when at rest is supported upon the
ground by wheels o. A lifting propeller B has a collar
C upon the shaft normally held back by the tension of
a spring to keep the rear edges of the blades in full
pitch position by means of rods a. The shaft ;7 and
electro-motor F which drives it are based upon a pivoted
plate upon the platform s, the oil-bath thrust block e
intervening between the motor F and the propeller B,
the whole being inclined backwards or forwards by a
screw f and hand wheel g&. The aéroplane A is inclined
at the same time, being carried by a trunnion bearing &’
on the shaft ;. Links & connect the aéroplane A with
the platform s and carry the rear weight, being pivoted
to A at . The length of the links & is sueh as to bring
the aéroplane A parallel with the platform s when moved
rearward by g. The horizontal propeller D is driven by
an electro-motor E, and a thrust block ¢ is mounted
upon the same bracket. Steering is effected by a four-
vaned rudder £ operated vertically by a toothed quadrant
¢, and horizontally by a similar quadrant, small electro-
motors 7, controlled by the aéronaut by means of switches,
furnishing the requisite power. The current is derived
from a dynamo electric generator 7 driven directly by
a compound internal combustion hydrocarbon engine /.
The liquid fuel is stored in a wedge-shaped tank G, the
apex forming the beak of the platform. Two tanks
containing water /, /, and connected by pipes and an
electrically driven centrifugal pump 2, are placed on
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cach side of the under part of the platform s, so that the
two forward tanks are connected to the after tanks by
the corresponding pipes, forming the “fore and rear”
equilibrium system, and either the two right-hand tanks
or the two left-hand tanks the “lateral” equilibrium
system. Therefore since a current of fluid is maintained,
a flux to the two forward tanks causcs a dip forwards
and wvice versa, or a flux to the two right-hand tanks
causes a lateral dip in that direction; and this is auto-
matically effected by two pivoted hollow beams slightly
bellied in the centre and partially filled with mercury,
and these being arranged at right angles to each other,
are connected to the controlling valves of the two fluid
circulating systems. The sensitiveness of the mercury
balance renders the equilibrium control nearly antici-
patory.

No human mind can foresee the air-ship of the future,
except that aérial navigation will be a matter of every-
day usage, and will give rise to a new industry throughout
the world. Unless some future discovery renders the
control of the force of gravitation possible by other than
mechanical means, the germ of the air-ship is among the
many that are described in thesc pages, doubtless with
many modifications and additional details that may be
found necessary to accomplish perfect success.
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THE diagram shows the trigonometrical functions in
terms of the angle ¢ to the radius, the value of which is

given as = I.
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Form of Aerostat Ends, Plotting Templets (Fig.
99)—Let AC = D x 1.25, and AB = D. Then from

Frg.99

centre C strike off AE, and upon EF mark off G, that
GF = CB, and strike the semicircle radius G# cutting AF
at ». This forms an approximate parabolic outline.

A B

& 5

D Fig. 100

To describe an ellipse for an end templet, set off the
major axis EC, and mark it off in equal parts, which in



140 AERIAL NAVIGATION.

Fig. 99 are four. Let AD = the minor axis, and CB the
half of this, which should be divided into an equal number
of corresponding parts to EC. From the centre A draw
lines cutting divisions on BC, and from the centre D draw
lines cutting the divisions on EC. Where the lines inter-
sect are the points cut by the semi-ellipse.

CORRECTION TABLE OF ALTITUDES AND LATITUDE.

LATITUDE,
Al + from 0° to 45°; — from 45° to go°.
Altitudes,
Fosk: o’ 10° 20° 30° 40° 45°
90° 80° 70° 60° 50°
1,000 2.6 2.5 2.0 1.3 .5
2,000 5-3 5.0 4.1 2.6 .9
3,000 7.9 7.5 6.1 4.0 1.4 k
4,000 10.6 10.0 8.1 5.3 1.8 °‘:g
5,000 13.2 12.4 10.1 6.6 2.3 RS
6,000 15.9 14.9 12.2 7.9 2.8 g
7,000 18.5 17.4 14.2 9.3 3.2 3
8,000 21.2 19.9 16.2 10.6 T 5
9,000 23.8 22.4 18.3 11.9 4.1 ;
10,000 26.5 24.9 20.3 13.2 4.6 A
11,000 29.1 27.4 22.3 14.6 5.1
12,000 21,8 29.9 24.4 15.9 5.5
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USEFUL CONSTANTS AND LOGARITHMS.

Number.
T - - - - - - - - 3.1416
2 - - - - - - - - 9.8696
R P e A A D s e B
T
T v f 7 = 3 j z i 7854
Centimetres in I in. - - - - - 2.54
Yards in 1 metre - - - - - 1.0936
Kilometres in 1 mile - - - - - 1.6093
Miles in 1 knot - - - - - - 1.1528
Square mils per square millimetre - - 1550
Cubic centimetres in I cub. in. - - - 16.386
Cubic centimetres in 1 pint - - - - 567.93
Cubic inches in 1 pint - - - - - 34.659
Pints in 1 litre - - - - - - 1.7608
Grains in 1 gram - - - - - - 15.432
Pounds avoirdupois in 1 kilogram - - 2.2046
Pounds in 1 cub. ft. of water (39° Fahr.) -  62.425
Forces de cheval in 1 horse-power (33,000
foot pounds) - - - - - - 1.01385
Foot pounds in 1 B.T.U. - - - 775-47
B.T.U. in 1 calorie - - - - - 3.968
Degrees Fahrenheit in 1° Cent. - - - 1.8
Feet per second in 1 mile per hour - - 1.4666
Metres per second in 1 kilometre per hour - 2.7777
Pressure pounds per square inch of 1 ft. of
water (39° Fahr.) - - - - - 4333
_Pressure pounds per square inch-of 1 in. of
mercury - - - - - - .4907
Value of g at Greenwich in inch seconds ~ - 386.29
Length of seconds pendulum at Greenwich,
inches - - = = S : =1 3930

141

Logarithms.
-4971
9943
.2486

.8951 -

.4048
.0388
.2066
.0618
3-1904
1.2145
2.7543
1.5398
-2457
1.1883
3433
1.7953

.0058
2.8895
.5086

-2553
.1664

-4437
1.6368

1.6368
2.5869

1.5926
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TABLE OF PROLATE SPHEROIDS.

Semi-major axis=a&. Semi-minor axis=4. Volume=$mra?.
Weight| Cubic Feet | Linear Linear - Square Fee
KER) oy s | R, | o | Square e Mz et | Sarfce™
QAvoir) @ =N | g=ss, T Eb | r=ocobsr.

. 0684 Sro
1 14.60 .834 1.669 2.19 10.013 41.78
10 146.0 1.798 3.595 10.17 21.573 194.00
100 | 1460.0 | 3.873 | 7.746 47.12 46.478 899.64
150 | 2192.0 4.435 | 8870 61.79 53.220 | 1180.30
200| 2920.00 | 4.879 | 9.759 74.81 58.557 | 1429.70
250| 36550 | 5.259 | 10.518 86.89 63.109 | 1659.60
340| 5000.0 5.838 | 11.676 | 107.08 70.058 | 2021.80
440| 6000.0 | 6.203 | 12.407 | 120.91 74.446 | 2317.60
500 | 7310.0 6.626 | 13.252 | 137.93 79.512 | 2634.60
547| 8000.0 | 6.828 | 13.656 | 146.48 81.939 | 2784.10
6501 9000.0 7.101 | 14.203 | 158.44 85.220 | 3026.70
684 | 10000.0 7.355 | 14.711 | 160.97 88.226 | 3247.10
750 | 11000.0 7.593 | 15.186 | 181.12 91.116 | 3459.60
800 | 11695.0 7.749 | 15.499 188.67 92.995 | 3604.20
850 | 12000.0 7.816 | 15.632 | 191.04 93.796 | 3665.80
890 | 13000.0 | 8.027 | 16.055 | 202.46 96.333 | 3867.50
960 | 14000.0 | 8.228 | 16.457 | 212.72 98.739 | 4063.60
1,000 | 14620.0 8.348 | 16.696 | 218.95 100.179 | 4182.10
1,700 | 16000.0 8.602 .| 17.204 | 232.48 103.228 | 4440.30
1,160 | 17000.0 8.778 | 17.557 242.11 105.334 | 4624.80
1,230 | 18000.0 8.947 | 17.895 | 251.57 107.371 | 4807.00
1,350 | 19000.0 9.110 | 18.220 260.74 109.323 4980.30
1,368 | 20000.0 0.267 | 18.554 | 269.81 111.208 | 5I53.40
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The following diagram (Fig. 101) illustrates the diri-
gible a¢rostat of M. Santos Dumont. It will be noted

<
=N =
=
R
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: Q

S

that the structure is very light, and offers very little re-
sistance to the air relatively to the power and buoyancy.
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The aérostat A is pointed at each end, and an interior
balloon or envelope B containing air is placed inside, and
controlled from the motor P by a pipe T. This is the
arrangement first adopted by Partridge in his “ Pneuma-
drome,” which is previously described. A trailing rope I,

7

Fig. 102.

with a guide M, is provided, in addition to a rudder G.
The aéronaut sits in a light wicker basket chair 0, from
whence he may control the mechanism. The engine P
develops 16 H.P., and is actuated by the explosion of
vaporised petrol. The screw propeller H is made with
flexible rear edges, and at 150 revolutions per minute
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146 AERIAL NAVIGATION.

exerts a thrust of 60 lbs. The total weight of the appa-
ratus is 550 lbs.

Fig. 102 shows the machine progressing against the
wind, and Fig. 103 illustrates the start from the Parc
d’Orient in the 15,000 franc competition, 13th July 1901,

== ==

e —p ///////

\

i\

|
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which, after some discussion, was awarded to M. Santos
Dumont. Fig. 104 shows the progression of the aéro-
stat against the wind. Fig. 105 (see Frontispiece)
shows the aérostat rounding the Eiffel Tower during the
competition.
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Drawn steel tube, 110
Duck canvas, 115
Dynamo, 101

LECTRIC motive power, 100
Ellipse, 139
Elm, 114
Elytra, 7 J
Ends, aérostat, 139
Equilibrium, 105
Equipoise, 42
Equivalents, angular, 137
Erichsen’s propeller, 55
Ethane, 94

ALCONNET’S air-ship, 118
Féraud’s propeller, 61
Fish, flying, 11

Flight curves, 34
laws of, 1
man, 41
mechanical, 37
natural, 1
Flexibility, 35
Folacci’s air-ship, 118
Framework, 108
Fryer’s aérostat, 27
Fuel, 83
comparative, 86
table, 86
thermic value, 85

ALLIENEFE’S wing, 44
Géant, Le, 18
Generators, 86
Glendinning’s aérostat, 28
Gower aérostat, 23
Green, 18
Gyrostat, 105

EAT units, 84
conversion, 84

Heathorn’s propeller, 65
Hecdecane, 94
Hemiptera, 9
Henderson's propeller, 57
Herlson’s aéroplane, 75
Heptane, 94
Hexane, 94
Hilfreich’s air-ship, 120
Hite’s air-ship, 129
Hollow shafting, 113
Hornsby-Akroyd engine, 96,



Hydrocarbon engines, 94
Hydrocarbons, 94
Hydrogen, 15
Hymenoptera, 9
Humerus, 2

MPULSE, 51
Insects, 6
Internal combustion engines, 98
Iron tube, 108

J ET propulsion, 69
KEELCOM motor, 98

AMINATED propeller, 57

Langley’s air-ship, 131
Latitude tables, 140
Lifting power aéroplanes, 72
Liquid fuel, 85, 94
Lochner’s air-ship, 128
Logarithms, useful, 141
Louvre valves, 48

AGNALIUM, 111
Man flight, 42
Manganese steel, 114
Marey’s experiments, 34
Marshall’s wing motion, 46
Martin’s paddle, 69
Materials, 102

Maxim’s aéroplanes, 77-79, 107
generators, 88, go
Metacarpus, 3

INDEX.

Methane, 94
Middleton’s air-ship, 126
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Nahl’s air-ship, 130
Nervures, 7
Nickel steel, 114
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Parallelogram of forces, 110
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Pneumadrome, 117
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Propulsion, 49
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motion, 42
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Razeau’s propeller, 66
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Rennie’s propeller, 55
Resistance, air, 49

wind, 50
Rhea fibre, 115
Romanium, 111
Roze’s air-ship, 124
Rudder, 106

AILS, 118
Santos Dumont air-ship, 133,
144

Scapula, 2
Schmidt’s propeller, 61
Scott’s aérostat, 30
Sensitive equilibrium, 105
Serkis-bey aérostat, 21
Sheet metal, 110, 116
Shafting, 113
Silk, 115
Slip ratio, 53
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Smythie’s wing motion, 39

Solder, composition, 112

Solders, 112

Spheroids, prolate, 49, 142

Stag beetle, 6, 7

Steel, 108

Steering, 1¢6

Sternum, 3

Stigma, 8

Storz’s propeller, 62

Stringfellow’s aéroplane, 73
trial experiment, 75

Structure of air-ships, 102

Sylamoid, 115
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Templets, 139
Tensile strength, 111
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Ternary alloys, 111
Thorax, 7
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LNA, 3
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ALKER’S experiment, 38
Wave movement, 34
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Wenham’s aéroplane, 73
Williams’ propeller, 59
Willow, 115
Wind pressure, 52
resistance, 50
Winds, 52
Wing area, 32, 33
birds, &c., 2-6
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Wire stays, 113
Wolframinium, 111

Woods, various, 108, 114, 115
© weight, 115

Worm’s air-ship, 123

YACHT duck, 115
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THE MECHANICAL ENGINEER'S POCKET-BOOK.
Comprising Tables, Formulz, Rules, and Data: A Handy Book of Reference
for Daily Use in Engineering Practice. By D. KINNEAR CLARK, M. Inst. C.E.,
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, round/ed
corners ¢ & 5 a o B . ¢ s ki : 3 (0]

SUMMARY OF CONTENTS:—MATHEMATICAL TABLES,—MEASUREMENT OF SUR-
FACES AND SOLIDS.—ENGLISH AND FOREIGN WEIGHTS AND MEASURES.—MONEYS.~—
SPECIFIC GRAVITY, WEIGHT, AND VOLUME.—MANUFACTURED METALS.—STEEL PIPES,
~BOLTS AND NUTS.—SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER,
BRASS, LEAD, TIN, ZINC.—STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—
STRENGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF
COPPER, LEAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERIALS.—
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 PRINCIPLES,—GRAVITY AND FALL OF
BODIES,—ACCELERATING AND RETARDING FORCES.—MILL GEARING, SHAFTING, &C.—
TRANSMISSION OF MOTIVE POWER.—HEAT.—COMBUSTION: FUELS.—WARMING, VENTI-
LATION, COOKING STOVES.—STEAM.—STEAM ENGINES AND BOILERS.—RAILWAYS.—
TRAMWAYS.—STEAM SHIPS.—PUMPING STEAM ENGINES AND PUMPS.—COAL GAS, GAS
ENGINES, &c.—AIR IN MOTION.—COMPRESSED AIR.—HOT AIR ENGINES.—WATER
POWER.—SPEED OF CUTTING TOOLS.—COLOURS,—ELECTRICAL ENGINEERING.

** Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket-
book, and he is really unrivalled in the art of condensation. It is very difficult to hit upon any
ical i subject i which this work supplies no information, and the
excellent index at the end adds to its utility. In one word, it is an exceedingly handy and efficient
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend
it to our readers.”"—T7 ke Engincer,

* It would be found difficult to compress more matter within a similar compass, or produce a
gook of 650 paggs which should be more p ient for pocket o oo Will
e app d by esio

or
of all classes.”—Practical Engincer,
L. A
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MR. HUTTON’S PRACTICAL HANDBOOKS.

THE WORKS’ MANAGER’S HANDBOOK,

Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights,
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and
Brass Founders, &. By W. S. Hurron, Civil and Mechanical Engineer,
Author of ‘“The Practical Engineer’'s Handbook.” Sixth Edition, carefully
Revised, with Additions. In One handsome Volume, medium 8vo, strongly
bound. [Just Published. 185/0

The Author having compiled Rules and Data for his own use in a great
variety of modern engineering work, and having found his motes extremely usfi/ul.
decided to publish them—revised to date—believing that a practical work, suited to
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be favourably 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 is a very useful collection of rules, tables, and
workshop and drawing office data.”—7%e Engineer, May 10, 189

** The author treats every subject from the point of view o?one who has collected workshop
notes for application in workshop practice, rather than from the theoretical or literary aspect. The
volume contains a great deal of that kind of information which is gained only by practical experience,
and is seldom written in books.”—7%e Engineer, June g, 188s.

“The volume is an exceedingly useful one, brimful with engineer’s notes, memoranda, and
rules, and well worthy of being on eve: hanical i 's bookshelf.”—Mechanical World.

‘* The information is precisely that likely to be required in practice. . . . The work forms
a desirable addition to the library not only of the wor?cs’ manager, but of any one connected with
general engineering."— Mining Fournal. >

,'Brimful of useful information, stated in a concise form, Mr. Hutton’s books have met a
pressing want among engineers. The book must prove extremely useful to every practical man
possessing a copy."—~>Practical Engincer.,

THE PRACTICAL ENGINEER’S HANDBOOK.

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive
and Stationary. And containing a large collection of Rules and Practic
Data relating to Recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WaLtEr S, HuTTON,
Civil and Mechanical Engineer, Author of *‘ The Works' Manager’s Handbook
for Engineers,” &c. With upwards of 370 Illustrations. Fifth Edition,
Revised with Additions. Medium 8vo, nearly 500 pp., strongly bound.

[Just Published. 18/0

B~ This Work is designed as a companion to the Author's “ Works'
MANAGER'S HaNDBOOK.” It possesses many new and original featuves, and con.
tains, like its predecessor, a quantity of matter not oviginally intended for publication
but collected by the Author for his own use in the construction of a great variety of
MobpERN ENGINEERING WORK.

The information is given in a condensed and concise form, and is sllustrated by
upwards o[ 370 Woodcuts; and comprises a quantity of tabulated matter of great
value to all 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 not
on a single occasion consulted its pages without finding the information ef which we were in quest.”

—dA thenazum.,

‘A th hl od p handbook, which no engi can go through without learning
something that will be of service to him."—Masisne Engineer.

“An 11 ook of ref for i and a text-book for students of
engineering."—Scotsman.,

*“ This valuable manugl exszodies the results and experience of the leading authoritles on
b T i ding Ve

** The author has collected together a surprising quantity of rules and practical data, and has
shown much judgment in the selections he hasmade. . . . Thereis no doubt that this book is
one of the most useful of its kind published, and will be a very popular compendium,”"—ZEngineer.

** A mass of information set down In simple language, and in such a form that it can be.easllg
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidate
by the illustrations. The book will find its way on to most engineers’ shelves, where it will rank as
one of the most useful books of reference.”—Practical Engineer. =

* Full of useful information, and should be found on the office shelf of all practical engineers.
—English Mechanic,
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MR. HUTTON’S PRACTICAL HANDBOOKS—continued.

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
in the Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, and Marine Steam-Boilers. By Warter S. HurTon, Civil and

Mechanical Engineer, Author of ¢ The Works’ Manager's Handbook,” “ The

Practical Engineer's Handbook,” &c. With upwards of soo Illustrations.

Third Edition, Revised and much Enlarged, medium 8vo, cloth . : o]

BUF Tuis WoRK s issued in continuation of the Series of Handbooks written
by the Author, viz. :—** THE WorRKS’ MANAGER's HANDBOOK ” and *‘ THE PRACTICAL
ENGINEER'S HANDBOOK,” whick are so highly appreciated by engineers for the
practical natuve of their information ; and is consequently written in the same style
as those works.

The Author beli that the tration, in a con t form for easy
refevence, of such a latige amount of thovoughly practical information on Steam-
Boilers, will be of considerable sevvice to those for whom it is intended, and he trusts
the book may be deemed worthy of as favourable a veception as has been accorded to
tts predecessors,

“ One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the right kind, in a simple and accessible form. So far as generation is concerned, this
is, undoubtedly, the standard book on steam practice,”—Electrical Review.

‘¢ Every detail, both in boiler design and management, is clearly laid before the reader. The
volume shows that boiler construction has been reduced to the condition of one of the most exact
sciences; and such a book is of the utmost value to the fin de siécle Engineer and Works Manager.””
—Marine Engineer.

** There has long been room for a2 modern handbook on steam boilers; there is not that room
now, because Mr. Hutton has filled it. 1t is a thoroughly practical book for those who are occnpied
In the construction, design, selection, or use of boilers.”—Engineer.

** The book is of so important and comprehensive a character that it must find its way into the
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly
l}x;[funlned. ‘We strongly recommend the book for the intrinsic value of its contents,”—Mackinery

larket,

PRACTICAL MECHANICS’ WORKSHOP COMPANION.

Comprising a great variety of the most useful Rules and Formulze in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for
Facilitating Mechanical Operations. By WiLLiam TEmPLETON, Author of
““The Engineer’s Practical Assistant,” &c., &c. Eighteenth Edition, Revised,
Modernised, and considerably Enlarged by WaLTER S. HuTToN, 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 11lus-
trative Diagrams, strongly bound for workshop or pocket wear and tear. 6/0Q
**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 a few tables and notes which
he might look for in vain in other works. This modernised edition will be appreciated by all who
have learned to value the original editions of * Templeton.’”—ZEnglish Mechanic.
‘¢ It has met with great success in the engineering workshop, as we can testify ; and there are
a great many men who, in a great measure, owe their rise in life to this little book."—Bui/ding

lews.

** This familiar text-book—well known to all hanics and gt is of ial service
to the every-day requirements of engineers, millwrights, and the various trades connected with
engineering and building. The new modernised edition is worth its welght in gold.”—Building
News. (Second Notice.)

** This well-known and largely-nsed book centains information, brought up to date, of the
sort so useful to the foreman and draughtsman. _So much fresh information has been introduced as
to constitute it practically a new book. It will be largely nsed in the office and workshop.”—
Mechanical World,.

“The publishers wisely entrusted the task of revision of this popular, valuable, and usefu}
book to Mr, Hutton, than whom a more competent man they could not have found."~Zroz.

ENGINEER’S AND MILLWRIGHT’S ASSISTANT.
A Collection of Useful Tables, Rules, and Data. By WiLLiam TEMPLETON.
Eighth Edition, with Additions. 18mo, cloth . 5 4 Y . 2/6
** Occupies a foremost place among books of this kind. A more suitable present to an
upprer.mce to any of the mechanical trades could not possibly be made.”—Buwilding News.

* A deservedly popular work. It should be in the ‘drawer’ of every mechanic,”~Englisk
Mechanic,

A 2
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THE MECHANICAL ENGINEER’S REFERENCE BOOK.
For Machine and Boiler Construction. In Two Parts. Part 1. GENERAL
ENGINEERING DATA. Part I, BorLer ConsTRUCTION. With 51 Plates and
numerous Illustrations. By NErson Forey, M.I.N.A. Second Edition,
Revised throughout and much Enlarged. Folio, half-bound, net . £3 8s.

PART 1.—MEASURES.—CIRCUMFERENCES AND AREAS, &c., SQUARES, CUBES,
FOURTH POWERS.—SQUARE AND CUBE ROOTS.—SURFACE OF TUBES.—RECIPROCALS.—
LOGARITHMS. — MENSURATION. —SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
POWER. — HEAT. — COMBUSTION. —EXPANSION AND CONTRACTION.—EXPANSION OF
GASES.—STEAM.— STATIC FORCES.— GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION.—ELECTRICITY,—
STRENGTH OF MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION.—~
TRANSMISSION OF POWER.—FLOW OF LIQUIDS.—F1.OW OF GASES.~~AIR PUMPS, SURFACE
CONDENSERS, &c.—SPEED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES.
—COPPER SHEETS AND TUBES.—SCREWS, NUTS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTER.—WITH DIAGRAMS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COFPPER PIPES.

PART IL—TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR _FURNACES. — FLAT
PLATES.—STAYS. — GIRDERS.—SCREWS, — HYDRAULIC  TESTS. — RIVETING. — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—~EXAMPLES OF BOILERS AND SPEEDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.

**Mr. Foley is well fitted to compile sucha work. . . . The diagrams are a great feature
of the work. . ". . Regarding the whole work, it may be very fairly stated that Mr. Foley has
produced a volume which Wlll undoubtedly fulfil the desire of the author and become indispensable
to all mechanical engineers."—Marine Engineer.

**We have carefully examined this work, and pronounce it a most excellent reference book
for the use of marine engineers.”— Fournal of. A merican Society of Naval Engineers.

COAL AND SPEED TABLES.

A Pocket Book for Engineers and Steam Users. By NEeLson ForLey, Author
of * The Mechanical Engineer’s Reference Book.” Pocket-size, cloth . 8/8

TEXT-BOOK ON THE STEAM ENGINE.

With a Supplement on Gas ENGINES, and PART IL. on HEAT ENGINES. By
T. M. GoopEVE, M.A., Barrister-at-Law, Professor of Mechanics at the Ro al
College of Science, London ; Author of *“ The Principles of Mechanics,” he
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo, cloth 6/0

“* Professor Goodeve has given us a treatise on the steam engine which will bear comparison
with anything written by Huxley or Maxwell, and we can award it no higher praise.”—Engisneer.

ON GAS ENGINES.

With Appendix describing a Recent Engine with Tube Igniter. By T. M.
GoopevE, M.A. Crown 8vo,cloth. . . 3Lty 2/6

¢ Like all Mr. Goodeve's writings, the resent ls no excepnon in pomt of general excellence.
1t Is a valuable little volume."—Meckanical

THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engineer. By E. W.
RoseRrTS, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather.
[Just Publis ed. Net 8/6

A TREATISE ON STEAM BOILERS.

Their Strength, Construction, and Econormcal Workmg ByR. WILSON, C.E.
Fifth Edition. 1zmo, cloth . 2 ot o . 3 6/0
* The best treatise that has ever been published on steam boilers.”—Engineer.
“The author shows himself perfect master of his subject, and we heartily recommend all
employing steam power to possess themselves of the work."—Ryland's Iron T'rade Circular.

THE MECHANICAL ENGINEER’S COMPANION

of Areas, Circumferences, Decimal Equivalents, ininches and feet, millimetres,

squares, cubes, roots, &c.; Weights, Measures, and other Data. Also Prac.

tical Rules for Modern Engme Proportions. By R. Epwarps, M.Inst.C.E.

Fcap. 8vo, cloth. [ Just Published. 3|6

A very useful little volume. It contains many tables, classified data and memoranda
generally useful to engineers,” ——Eng ineer.

‘*What it professes to be, ‘a handy office dgwm ina inct form, a variety of

information likely to be xeqmred by engineers in their everyda ice work.''—Nature.




MECHANICAL ENGINEERING, &«. 5

A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of
Engine Makers, Mechanical Draughtsmen, Engmeermg Students, and users
of Steam Power. By HErmMAN HAEDER, C.E. Translated from the German
with considerable additions and alteratxons by H. H. P. PowLes, A.M.1.C.E.,
M.I.M.E. Second }Ldmon, Revxsed With nearly 1,100 Illustrations.

Crown 8vo, cloth 2 E 8 5 5 o . 9/0

‘* A perfect encyclopzdia of the steam engine and its detalls and one which must take a per-
manent place in English rawm%(ofﬁces and workshops.”—4 Foreman Pattern-maker.

* This is an excellent book, and should be in the hands of all who are interested in the con.
struction and design of medium-sized stationary engines. . . . A careful study of its contents and
the arrangement of the sections leads to the lusion that there is probably no other book like it
in this country. The volume aims at showing the results of practlcal experience, and it certainly
may claim a complete achievement of this idea.”—Nazere.

“There can be no question as to its value. We iall d itto all d in the
deslgn and construction of the steam engine.”—Meckanical World.

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Stability. With a chapter on Lightning Conductors.

By RoBerT WiLsoN, A.L.C. E., Author of ¢“ A Treatise on Steam Boilers,"” &c.

Crown 8vo, cloth 4 3 3 - o 3 4 /16
*¢ A valuable contribution to the llterature of sclenhﬁc bulldmg."—T he Builder.

BOILER MAKER’S READY RECKONER & ASSISTANT.
With Examples of Practical Geometry and Templating, for the Use of Platers,
Smiths, and Riveters. By Joun Courtnev, Edited by D. K. CLARK,
M.I.C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . T7/0

* No workman or apprentice should be without this book.”—J{ron Trade Civcular.,

THE POCKET BOOK OF REFRIGERATION AND ICE-
MAKING FOR 1902.

Edited by A. J. WarLL1s- TAVLFR,A M.Inst.C.E. Author of ‘‘ Refrigerating

and Ice-making Machinery,” &c. With Diary and Almanac. Small Crown

8vo, cloth. [Just Publisked, Net 2/6

REFRIGERATING & ICE-MAKING MACHINERY.
A Descriptive Treatise for the Use of Persons Employing Refrigerating
and Ice-Making Installations, and others. By A. J. WarLis-TAVLER,
A.-M. Inst. C.E. Third Edmon, Revised and Enlarged. With Illustrations.

Crown 8vo, cloth. [Just Published. T7/86
“*Practical, explicit, and profusely ill d.”—Gle Herald.
#We recommend the book, which gives the cost of vanous Y and ill i howing
detaﬂs of parts of machinery and general of i i "—Build

* May be recommended as a useful description of the machmery, the processes, and of the
facts, ﬁgures, and tabulated physics of refrigerating. It is one of the best compilations on the
subject.”"—Engineer.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva.

tion of the Tea Plant and the Preparation of Tea for the Market. By A. J.

Warris-Tavier, A.-M. Inst. C.E. Medium 8vo, 468 pp. ~With 218

Illustrations. [Just Published. Net 25/0

‘“The subject of tea machinery is now one ot the first interest to a large class of people, to
whom we strongly commend the volume.”—Chamber of Commerce ¥ ournal.

‘ When tea planting was first introduced into the British possessmns little, if any, machinery
was employed but now its use is almost universal. This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery."—Fowrnal Society of Arts.

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. By
A GENERAL MANAGER. Second Edition. 8vo, cloth [Just Published. 1 2/0

¢ This is an excellent and very usefu] book, coverin; t-matter in
every factory and workshop. . . . The book is mvaluagle, not only to the young engmeer. but

to the estimate department ufeve works,”"—Builder,
* We accord the work unqualified praise. The information is given in a plain, straightforward
and bears t g evxdence of the practical of the author with
every phase of 1 ical World.
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AERIAL OR WIRE-ROPE TRAMWAYS.,

Their Constructionand Management. KA J.WarvLis-TAvLER, A.M.Inst.C.E.
With 81 Illustrations. Crown 8vo, clot [Just Published. T/6
“This is in its way an excellent volume. Without going into the minutia of the subject, it
yet lays before its readers a very good e fposxtwn of the various Systems of rope transmission in use,
and gives as well not a little valuable information about their working, repair, and management,
‘We can safelg recommend it as a useful general treatise on the subject.”—Z7%e Engmezr
**Mr, Tayler has treated the sub{ect as.concisely as thorouﬁlgness would permit. The book
will rank with the best on_this useful topic, and we recommend it to those whose business is the
transporting of minerals and goods.”"—Mining Fournal,

MOTO&AC[A)ASRS OR POWER=-CARRIAGES FOR COMMON

By A. J WaLris-TAYLER, Assoc. Memb, Inst. C.E., Author of * Modern

Cycles,” &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6

‘¢ 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 bookisclearly expressed throughout, and is just the sort of work that

an engineer, thinking of turning his attentjon to motor-carriage work, would do well to read asa
preliminary to starting operations.”" —Engineering.

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Josern G. HORNER,
AM.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 78
“ The latest production from the pen of this writer is ch y that evid of close
acquaintance with workshop methods which will render the book exceedmgly acceptable to the
ractical hand. We have no hesitation in commending the work as a serviceable and practical
andbook on a subject which has not h|therto received much attention from those qualified to deal
with it in a satisfz 'y manner.”- [ World. H

PATTERN MAKING.

A Practical Treatise, embracing the Main Types of Engineering Construction,

and including Gearing, both 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 Appendix of Tables for

Workshop Reference. By Josern G. HORNER, A.M.I.M.E. Second Edition,
Enlarged. With 450 Illustrations. Crown 8vo, cloth . g T d

“A well-written technical guide, evldentgv written by a man who understands and has prac-

tised what he has written about. . . . it t young

and others d: of being initiated mto the mysteries of pattermn-making."—Buslder.

“An excellent vade mecum for the apprentice who desires to become master of his trade.”

—English Mechanic,

MECHANICAL ENGINEERING TERMS

(Lockwood’s Dictionary of). Embracing those current in the mem§z Office,
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c., &c.
Comprising upwards of 6,000 Definitions. Edited by JosEeH HoRNER,
AM.ILM.E. Third Edmon, Revised, with Additions. Crown 8vo, cloth.

[ Just Published. Net 7|68

“ Just the sort of handy dictionary reqmred by the various trades engaged in mechanical en-

Jz pil will find the book of great value in his studies, and every

foreman engmeer and mechanic should have a copy."—Buzlding News.

TOOTHED GEARING.
A Practical Handbook for Offices and Workshops. By JOSEPH HORNER,
A.M.ILM.E. With 184 Illustrations. Crown 8vo, cloth e . 8/0

“We must gwe the book our unqualxﬁed praise for its thoroughness of treatrnent and we can
heartily o all i as the most p 1 book on the subject yet written,"—
Mechanical World,

FIRE PROTECTION.

A Complete Manual of the Organisation, Machinery, Discipline and General
Working of the Fire Brigade of London. By CapraiNy Evre M. Suaw, C.B.,
Chief Officer, Metropohtan Fire Brlgade. New and Revised Edition, Demy
8vo, cloth. i T Net 510
FIRES, FIRE- ENGINES AND FIRE BRIGADES.
With a History of Fire-Engines, their Construction, Use, and Manage.
ment ; Foreign Fire Systems; Hints on Fire- Bngades, &c By CHARLES
F. T. Young, C.E. 8vo, cloth ¥ . . 81 4s.

* To such of our readers as are interested in the subject of ﬁres and fire apparatus we can
most heartily commend this book,"~—Engineering.
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STONE-WORKING MACHINERY.
A Manual dealing with the Rapid and Economical Conversion of Stone. With

Hints on the Arrang 1t and Mar ent of Stone Works. By M. Powis
BaLg, M.I.M.E. Second Edition, enlarged. With Illustrations. Crown 8vo,
cloth. [Just Published. 9/0

“ The book should be In the hands of every mason or student of stonework.”—Celicry
Guardian. A

A capital handbook for all who ipul stone for build or I p L
Machinery Market.

PUMPS AND PUMPING.

A Handbook for Pump Users. Being Notes on Selection, Construction, and
Management. By M. Powis BarLg, M.ILM.E. Fourth Edition. Crown
8vo, cloth. [ Just Published. 3/6
“The matter is set forth as concisely as possible. In fact, condensation rather than diffuse-
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 ang simply and clearly written."—Glasgow Herald,

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shaping Metals by Rotary Cutters. Including
Information on Making and Grinding the Cutters. By Paur N. HasLuck,
Author of “‘ Lathe-Work.” 352 pp. With upwards of 300 Engravings. Large
crown 8vo, cloth . 3 g . . S 3 5 . g . 12/6
A new departure in engineering literature. . . . We can recommend this work to all in-
terested in milling machines ; it is what it prof o be—a 1 treatise,”—Engineer.
‘* A capital and reliable book which will no doubt be of considerable service both to those
who are already acquainted with the process as well as to those who contemplate its adoption,”—
Industries.

LATHE-WORK.

A Practical Trgatise on the Tools, Appliances, and Procgs_ses employed in
the Art of Turning. By PauL N. HasLuck. Seventh Edition. Crown 8vo,
cloth. [Just Published. 8|0
“ Written by a man who knows not only how work ought to be done, but who also knows how
to do it, and how to convey his knowledge to others. To all turners this book would be valuable,”—
Engineering.
** We can safely recommend the work to young engineers, To the amateur it will simply be
invaluable. To the student it will convey a great deal of useful information.”—ZEngéncer.

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and complete
Directions for using Screw-Cutting Lathes. By PaurL N. HasLuck, Author
of ‘‘Lathe-Work,” &c. With Seventy-four Illustrations. Fifth Edition.
‘Waistcoat-pocket size 5 ¢ J 5 . § 8 g . 1/6
“ Full of useful i ion, hints and ical criti Taps, dies, and screwing tools
generally are illustrated and their actions described.”—Mechanical World.
‘1t is a complete compendium of all the details of the screw-cutting lathe ; in fact a mesltrm-
$n-parvo on all the subjects it treats upon.”"—Carpenter and Builder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Francis Smite.  Sixth Edition, Revised, including

ErecTricaL TaBLES, FORMULE, and MEMORANDA. Waistcoat-pocket size,

limp leather. [Just Published. 1/6

It would, perhaps, be as difficult to make a small pocket-book selection of notes and formula
to sult ALL engineers as it would be to make a universal medicine; but Mr. Smith’s waistcoat-
pocket collection may be looked upon as a ful attempt.”—Enges g

* The best example we have ever seen of 270 pages of useful matter packed Into the dimen-
slons of a card-case.”—Building News. ‘¢ A veritable pocket treasury of knowledge.”—/Zron

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English ; with Tables suitable for the Architectural,
Engineering, Manufacturing, and Nautical Professions. By Joun James
FLETCHER, Engineer and Surveyor. Third Edition, 200 pp. Waistcoat-
pocket size, limp leather. [Just Igubl' hed. 1/6
** It is & very great advantage for readers and correspondents in France and England to have
so large a number of the words relating to engi ing an facturer 11 d in a lilliputian
volume. The little book will be useful both to students and travellers,"—d rchitect.
“ The glossary of terms is very complete, and many of the Tables are new and well arranged
di d the book. —Mechanical Worid.




8 CROSBY LOCKWOOD & SON'S CATALOGUE.

THE ENGINEER’S YEAR BOOK FOR 19o1.

Comprising Formulz, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine Engineering. By H. R. KeMPE, A, M. Inst. C. E.,
M.LE. E., Technical Officer of the Engmeer-m Chief’s Oﬂ'llce, General Post
Office, London, Author. of ‘“A Handbook of Electrical Testing,” ‘‘The
Electrical Engineer’s Pocket-Book,” &c. Withabout 1, oooIllustranons specxally
Engraved for the work. Crown 8vo, 800 pp., leather. [Just Published. 80

“Represents an enormous quantity of work, and forms a desirable book of reference.”—7ke
Engineer.

“The volume is distinctly in advance of most similar publications in this country.”—
Engineering. 4

*¢ This valuable and well-designed book of meets the d ds of all descriptions of
engineers.”—Saturday Review.

* Teems with up-to-date information in every branch of
Building News.

“ The needs of the engineering profession could hardly be supplied in a more admirable,
complete and convenient form. To say that it more than sustains all comparisons is praise of the
highest sort, and that may justly be said of it."—Mining Fournal,

“ There is certainly room for the ne: which li ) ions and directlons, as
well as formulz and tables, It deserves to become one of the most successful of the technical
annuals,”—d rchitect.

‘¢ Brings together with great skill all the ion which an i has to use
day by day. It is in every way admirably equipped, and is sure to prove successful.”—Scotsman,

‘* The up-to-dateness of Mr. Kempe 's compilation is a quality that will not be lost on the busy
people for whom the work is intended."—Glasgow Hevald.

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam KEngines generally. By WirLLiam Dvson
‘WaNsBrROUGH. Crown 8vo, cloth . . 5 & 3 . 3/6
*¢ This is a work of value to those who use steam machinery. . . . Should be read by every
one who has a steam engine, on a farm or elsewhere.”"—Mark Lane Express.
“We cordla.lly commend this work to buyers and owners of steam-engines, and to those who
have to do with their construction or use.”"—Timber Trades Fournal.
“ Such a general knowledge of the st gine as Mr. Wansb ishes to the reader
should be acquired by allintelligent owners and others who use the steam-engme " Building News,
“ An excellent text-book of this useful form of engine. The * Hints to Purchasers’ contain a
good deal of common-sense and practical wisdom."—English Mechanic,

IRON AND STEEL.

A Work for the Forge, Foundry, Factory, and Office. Containing ready,
useful, and trustworthy Information for Ironmasters and their Stock-takers ;
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metaj
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Coa-
sulting Engmeers Archltects, Contractors, Bmlders, &e. By CHARLES HOARE,
Author of © The Slide Rule,” &c. Ninth Edition. 32mo, leather 5 o]
* For comprehensiveness the baok has not its equal."—ZIron,
* One of the best of the pocket books.”"—English Mechanic,

CONDENSED MECHANICS.

A Selection of Formul, 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 HuGHEs, A.M.I.C.E.
Crown 8vo, cloth el LT3 SAS Ty 2 TR 2/6
* The book is well fitted for those who are either t
thelr work, or are prepanng for examination and wish to refresh their knuwle&ge by going through
their formule again.”—Marine Engineer.
It is well arranged, and meets the wants of those for whom it is intended,”—Ras/way News.

THE SAFE USE OF STEAM.

Containing Rules for Unprofessional Steam Users. By an ENGINEER. Seventh
Edition. Sewed 5 A o o > ¥ X 3 b ) . Bob.

¢ If steam-users would but learn this little book by heart, boiler explosions would become
sensatlons by their rarity."—&nglish Mechanic.

and const fon.”—
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THE LOCOMOTIVE ENGINE.

The Autobiography of an Old Locomotive Engine. By RoBERT WEATHER-
BURN, M.I.M.E. ~With Illustrations and Portraits of GEORGE and ROBERT
STEPHENSON. Crown 8vo, cloth. [ Just Published. Net 2|6
SUMMARY OF CONTENTS:— PROLOGUE.—CYLINDERS.—MOTIONS.—CONNECTING
RODS.—FRAMES.—WHEELS.—~PUMPS, CLACKS, &c.—INJECTORS.—BOILERS.—SMOKE BOX.
—CHIMNEY.—WEATHER BOARD AND AWNING.—INTERNAL DISSENSIONS.—ENGINE
DRIVERS, &c.
¢ It would be difficult to imagine anything more ingeniously planned. more cleverly worked
out, and more charmingly written. Readers cannot fail to find the volume most enjoyable.”—
Glasgow Herald, ®

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in Railway Engines
between 1803 and 18¢96. By CLEMENT E. STreTTON, C.E. Fifth Edition,
Enlarged. With 120 [llustrations. Crown 8vo, cloth, [Just Published. 3/6

* Students of railway history and all who are interested in the evolution of the modem
locomotive will find much to attract and entertain in this volume."—Z7%e Times.

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engines. By

MicHAEL ReyNoLDS, Member of the Society of Engineers, formerlvy Loco-

motive Inspector, L. B. & S. C. R. Eleventh Edition. Including a Key To

THE LocomoTive ENGINE. Crown 8vo, cloth . 3 3 & . 4/8

**Mr. Reynolds has supplied a 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 interest in the

perfc of 1 ive il "—The Engineer. s -

“Mr. Reynolds has opened a new chapter in the literature of the day. His treatise is
admirable.”—d thenaeum.

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer
Locomotive Engines and their Inventors. By MicHAEL REYNOLDS. Second
Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4|6
¢ From the technical knowledge of the author, it will appeal to the railway man of to-day
more forcibly than anything written by Dr. Smiles. . . . The volume contains information of a
technical kind, and facts that every dnver should be familiar with."—ZEng/lisk Mechanic.
* We should be glad to see this book in the possession of everyone in the kingdom who has
ever laid, or is to lay, hands on a locomotive engine,”—Zrozn.

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several Systems in Use in the United Kingdom :
their Construction and Performance. With copious Illustrations and numerous
Tables. By MicHAEL REvYNoOLDs, 8vo,cloth . 3 o 3 . 9/0
A popular explanation of the different brakes. It will be of great assistance in formin;g'

public opinion, and will be studied with benefit by those who take an interest in the brake."—EngZis.
Mechanic.

STATIONARY ENGINE DRIVING.

A Practical Manual or Engineers in Charge ot Stationary Engines. By
MicHAEL RevNoLDs, Sixth Edition. Crown 8vo, cloth . o 5 /16
* The author is thoroughly acquainted with his subjects, and his advice on the various points
treated is clear and practical. . . . He has produced a manual which is an exceedingly useful
one for the class for whom it is specially intended."—Engineering.,
*Qur author leaves no stone unturned. He is determined that his readers shall not only
know something about the stationary engine, but all about it,”—ZEsngineer.

ENGINE-DRIVING LIFE.
Stirring Adventure and Incidents in the Lives of Locomotive Engine-
Drivers. By MicHAEL REyNoLps. Third Edition. Crown 8vo, cloth . 1/6

* Perfectly fascinating, Wilkie Collins’s most thrilling conceptions are thrown into the
shade by true incidents, endless in their variety, related in every page.”—North British Mail.

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics.
By MicHaeL REyNorps. With 45 Illustrations and numerous Diagrams.
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear 3/6

* This admirable work is well suited to accomplish its object, being the honest workmanship
of a competent engineer.”—Glasgow Herald,




10 CROSBY LOCKWOOD & SON’S CATALOGUE.

CIVIL ENGINEERING, SURVEYING, &c.

LIGHT RAILWAYS FOR THE UNITED KINGDOM,
INDIA, AND THE COLONIES. .
A Practical Handbook setting forth the Principles on which Light Railways
should be Constructed, Worked, and Financeg ;_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, &e¢. By J. C. Mackay, F.G.S., A.M.Inst.C.E. Illustrated
with Plates and Diagrams. Medium 8vo, cloth, [Just Published. 15/0

**Mr. Mackay's volume is clearly and written, d, and freely
lMlustrated, The book is exactly what has been long wanted. We d it to all i
In the subject. It is sure to have a wide sale,"—Razlway News,

TUNNELLING.

A Practical Treatise. By CuarRLEs PRrerLini, C.E. With additions by
Cuarres S, Hirr, C.E. Including 150 Diagrams and Illustrations. Royal
8vo, cloth. [Just Published. Net 16/Q

PRACTICAL TUNNELLING.

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving,
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering
and the Construction of the Brickwork of Tunnels, with the amount of Labour
required for, and the Cost of, the various portions of the work. By FREDERICK
W. Simms, M.Inst.C.E. Fourth Edition, Revised and Further Extended,
including the most recent (1895) Examples of Sub-aqueous and other Tunnels,
by D. KinNEAR CLARK, M. Inst. C.E. Imperial 8vo, with 34 Folding Plates
and other Illustrations. Cloth. [Just Published. £2 2s.
‘*‘‘The present (1896) 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-
struction work can hardly afiord to be without, but which to the y g bers of the p i
is invaluable, as from its pages they can learn the state to which the science of tunnelling has
attained."—Razilway News.
““The estimation 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 on
the subject of tunnels is Mr. F, W. Simms's work on Practical Tunnelling.' "—Archizect,

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.
By W. K. BurToN, A.M. Inst. C.E., Professor of Sanitary Engineering in the
Imperial University, 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. 25/0

1. INTRODUCTORY. - I1I. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF
WATER TO BE PROVIDED.—IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY IS SUFFICIENT,~—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BE PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS,—VII. IMPOUNDING RESER-
VOIRS.—VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XIII. PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATURAL
FILTRATION,—XIV. SERVICE OR CLEAN WATER RESERVOIRS—WATER TOWERS—STAND
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS.—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS.—XVIII. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR THE EXTINCTION OF FIRE.—XX, PIPES FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATER.—XXII. VARIOUS APPLICATIONS USED IN CONNECTION
WITH WATER-WORKS,

APPENDIX I. By PROF. JOHN MILNE, F.R.S.—CONSIDERATIONS CONCERNING THE
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRE-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES.

APPENDIX II. By JOHN DE RIJKE, C.E.—ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

“ The chapter upon filtration of water is very comglete, and the details of construction well
ustrated. . . . The work should be speciall luable to civi g d in work in
Japan, but the interest is by no means confined to that locality."—Zngineer.

* We congratulate the author uson the practical commonsense shown in the preparation of
this work, . . . The plates and diagrams have evidently been prepared with great care, and
cannot fail to be of great assistance to the student.” —Builder.

“ The whole art of water-worksconstruction is dealt with in a clear and comprehensive fashion
in this handsome volume. . . . Mr. Burton’s practical treatise shows in all its sections the fruit
of independent study and individual experience. It is largely based upon his own practice in the
branch of engineering of which it treats." —Saturda Review.
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THE WATER SUPPLY OF CITIES AND TOWNS.

By Wirriam HumMBER, A. M. Inst. C.E., and M.Inst M.E., Author of * Cast

and Wrought Iron Bridge Construction,” &c., &c. Illustrated with 50 Double

Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts,

and containing 4oo pp. of Text. Imp. 4to, elegantly and substantially

balf-bound in morocce o g . % 5 c 3 . Net £6 6s.
List oF CONTENTS.

I, HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE BEEN ADOPTED FOR
THE SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND THE FOREIGN MATTER
USUALLY ASSOCIATED WITH IT.—III. RAINFALL AND EVAPORATION.—IV. SPRINGS AND
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.—~V. MEASUREMENT AND
ESTIMATION OF THE FLOW OF WATER.—VI. ON THE SELECTION OF THE SOURCE OF
SUPPLY.—VII. WELLS.—VIII. RESERVOIRS.—IX. THE PURIFICATION OF WATER.—
X. PUMPS,—XI. PUMPING MACHINERY,~XII, CONDUITS.—XIII. DISTRIBUTION OF WATER.
=XIV. MBTERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV.! THE LAW OF ECONOMY OF
WATER-WORKS.—XVI. CONSTANT AND INTERMITTENT SUPPLY.—XVII. DESCRIPTION OF
PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, &c., &c.,
TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH
WILL BE FOUND : ABERDEEN, BIDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBETH,
ROTHERHAM, DUBLIN, AND OTHERS.

* The most systematic and valuable work upon water suppl{hitherto produced in English, or
in any other language. It is ch ised almost by an exh iveness much more
distinctive of French and German than of English ical treatises.”—Engineer.

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for small Country Districts. By ALLAN GREENWELL, A.M.I.C.E.,

and W. T. Curry, A M.L.C.E., F.G.S. With Illustrations. Second Edition,
Revised. Crown 8vo, cloth. [Just Publisked. 5/0

** We conscientiously recommend it as a very useful book for those concerned in obtaining
water for small districts, giving a great deal of 1 infc ion in a smal I '—Bustlder.
** The volume ins valuable inf ion upon all matters connected with water supply.

. « o Full of details on points which are continually before water-works engineers.” = Nature.

HYDRAULIC POWER ENGJNEERING.

A Practical Mannal on the Concentration and Transmission of Power bi\]r
Hydraulic Machinery. By G. CroyDoN MaRkS, A.M. Inst. C.E. Wit
nearly 200 Illustrations. 8vo, cloth. [Just Published., Net QO

SUMMARY OF CONTENTS:—PRINCIPLES OF HYDRAULICS,—THE OBSERVED FLOW

OF 'WATER.—HYDRAULIC PRESSURES, MATERIAL.—TEST LOAD PACKINGS FOR SLIDING

SURFACES.—PIPE JOINTS.—CONTROLLING VALVES.—PLATFORM LIFTS,—WORKSHOP,

FACTORY, AND DOCK CRANES,—HYDRAULIC ACCUMULATORS,—PRESSES.—SHEET METAL

WORKING AND FORGING MACHINERY.—HYDRAULIC RIVETTERS.—HAND, POWER, AND

STEAM PUMPS.—TURBINES.—IMPULSE AND RE-ACTION TURBINES.—DESIGN OF TUR

BINES.—WATER WHEELS.—~HYDRAULIC ENGINES.—RECENT ACHIEVEMENTS,—TABLES

‘*We have nothing but praise for this thoroughly valuable work. The author has succeeded
in rendering his subject interesting as well as instructive.”—Practical Engineer.

‘*Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans-
mission and utilisation of power.”.

'—Mechanical Worid.

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMUL&E.
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 JounN NEvVILLE, Civil Engineer, M.E.I.A. Third Edition,
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 14/0

‘It is, of all English books on the subject, the one nearest to completeness.”—d rchitect,

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 » S > 3 . 16/0

* The author has constructed a manual which may be accepted as a trustworthy guide
to this branch of the i 's ion.,"—FEng ing.

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. SraGG, 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 work is in many 1], e E 7t Z

Cring.
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprietors, and others interested in
Works of Reclamation. By ALEXANDER BEAzELEY, M.Inst. C.E. With
Illustrations. 8vo, cloth. [Just Published. Net 10/6
“ The book shows in a concise way what has to be done in reclaiming land from the sea, and
the best way of doing it. The work containsa great deal of practical and useful information which
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land-
owners intending to reclaim land from the sea.”"—The Engineer.
“The author has carried out his task efficiently and well, and his book contains a large
amount of information of great service to engineers and others i d in works of recl. ion,”
—Nature.

MASONRY DAMS FrRoM INCEPTION To COMPLETION.

Including numerous Formulz, Forms of Specification and Tender, Pocket
Diagram of Forces, &c. For the use of Civil and Mining Engineers. B
C. F. CourtnEY, M. Inst. C.E, 8vo, cloth. {Just Published. 9/3
% The volume contains a good deal of valuable data, and furnishes the engineer with practical
advice, The author deals with his subject from the inception to the finish, Many useful sugges-
tions will be found in the remarks on site and position, location of dam, foundations and
construction,”—Building News.

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 L. J. MANN, Assist. Eng. to the Dublin Port and Docks
Board. Royal 8vo, cloth . s 5 5 o 3 5 4 B . 7/8
“ We recommend all interested in harbour works—and, indeed, those concerned in the

p: of rivers lly—to read Mr. Mann's g work.,"—Eng 5

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System; with an exhaustive
Analysis of the Various Modes of Traction, including Horse Power, Steam,
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and Working Expenses. New
Edition, Thoroughly Revised, and Including the Progress recently made in
Tramway Construction, &c., &c. By D. KiNNEarR CLARK, M. Inst. C.E,
‘With 4oo Illustrations. 8vo, 780 pp., buckram. [Just Published. 28/0
“The new volume is one which will rank, among tramway engineers and those interested in
tramway working, with the Author’s world-famed book on railway machinery.”—Tke Engincer,

PRACTICAL SURVEYING.

A Text-Book for Students preparing for Examinations or for Survey-work in

the Colonies. By GrorGe W. UsiLr, A.M.I.C.E. With 4 Plates and up-

wards of 330 Illustrations. Seventh Edition. Including Tables of Natural Sines,

Tangents, Secants, &c. Crown 8vo, cloth 7/8 ; or, on THIN PAPER, leather,

gilt edges, for pocket use. 5 p 5 3 g 3 2 5 . 12/8

“The best forms of instruments are described as to their construction, nses and modes

of employment, and there are innumerable hints on work and equipment such as the author, in

his experience as surveyor, d and her, has found y, and which the student
In his inexperience will find most serviceable.”~—Engincer. £ E

“ The latest treatise in the English language on surveying, and we have no hesitatlon in say-

ing that the student will find it a better guide than any of its predecessors, Deserves to be

recognised as the first book which should be put in the hands of a pupil of Civil Engineering."—
Architect.

SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineers and Surveyors.
Including two series of Tables specially computed for the Reduction of
Readings in Sexagesimal and in C imal Degrees. By NEIL KENNEDY,
M, Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth.
[ Just Published. Net 10/6
“The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument.”"—Nazure.

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, Illustrations, and Records.
By Lowis D’A. Jackson, A.M.I.C.E, 8vo, cloth . 3 . . 12/86
“ A'valuable wade-mecum for the surveyor. We recommend this book as containing an
irabl to the teaching of the lished surveyor.”—A thenawm.
. .. “The author brings to his work a fortunate union of theory and ufractical experlence which,
aided by a clear and lucid style of writing, renders the book a very useful one.”—Buslder,
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ENGINEER’S & MINING SURVEYOR’S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and
use of Theodolite for Traverse Surveying and plotting the work with minute
accuracy by means of Straight Edge and Set Square only ; Levelling with the
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections
in 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 deep, calcu-
lated for every 6 inches in depth By W. Davis Haskorr, C. Ep With
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth . 12/0
* The book is very handy ; the separate tables of sines and tangents to every mmute will make

it useful for many other purposes, the genuine traverse tables existing all the same.”—Azkenzum.
very person engaged in engineering field operations will estimate the importance of such
a work and the amount of valuable time which will be saved by reference to a set of reliable tables

prepared with the accuracy and fulness of those given in this volume,"—Rat/way News.

LAND AND MARINE SURVEYING.

In Reference to the Preparation of Plans for Roads and Railways ; Canals,
Rivers, Towns' Water Supplies; Docks and Harbours. With Description
and Use of Surveying Instruments. By W. Davis Haskorr, C.E. Second
Edition, Revised, with Additions. Large crown 8vo, cloth .
** This book must prove of great value to the student, We have no hesitation in recom-
meudmg it, feeling assured that it will more than repay a careful study.”—Mechanical Worid.
*“ A most useful book for the student. We strongly recommend it as a carefully-written
and valuable text-book. It en{oys a well-deserved repute among surveyors.”—Buzlder,
* This volume cannot fail to prove of the utmost practical ntility, "It may be safely recom-
mended to all students who aspire to become clean and expert surveyors.”"—Mining Fournal.

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Purj Eoses of Railway and Civil Engineering in
the Construction of Roads; witl TeLForD's Rules for the same. By
Freperick W. Smvms, F.G.S., M. Inst. C.E. Eighth Edition, with the
addition of Law’s Practical Exa.mples for Setting-out Railway Curves, and
TravuTwINE's Field Practice of Laying-out Circular Curves. With 7 Plates

and numerous Woodcuts, 8vo, cloth . 3 ¢ s E .

*.* TRAUTWINE on CURVES may be had separate A 3 f; 3 . 850
Y The text-book on levelling in most of our i ing schools and coll . ineer.
*The publishers have rendered a substantial service to the profession, especially to the

younger members, by bringing out the present edition of Mr. Simms’s useful work.”—ZEngincering.

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.

For the Formation of Geogra, Ehlcal and Topographical Maps and Plans, Mili-

tary Reconnaissance, LEVE. NG, &c., with Useful Problems, Formule,

and Tables. By Lieut.-General FROME, R.E. Fourth Edition, Revised and

esrtly Re-written by Major-General Sir CHaArRLES WARREN, G.C.M.G., R.E.

ith 19 Plates and 115 Woodcuts, royal 8vo, cloth . » o c 1 6/0

** No words of praise from us can strengthen the position so well and so steadily maintained

by this work. Sir Charles Warren has revised the entire work, and made such additions as were
necessary to bring every portion of the contents up to the present date.”—Broad Arrow.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURVES. )

From 5 to 200 Radius. By A. Beazerey, M. Inst. C.E. 6th Edition,
Revised. With an Appendix on the use of the Tables for Measuring up
Curves: Printed on 5o Cards, and sold in a cloth box, waistcoat-pocket size
[Just Publisked. 3|6
* Each table is printed on a card, which, placed on the theodolite, leaves the hands free

to small advantage as regards the rapidity "of work., "—Engineer.

“Very handy a man may know that all his day’s work must fall on two of these cards, which
he puts lnto his own card-case, and leaves the rest behind.”—A thenzum.

HANDY GENERAL EARTH-WORK TABLES.

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttmgs and
Embankments from 3 inches to 8o feet in Depth or Height, for use with either
66 feet Chain or 100 feet Chain. By J. I‘Y WaTtsoN Buck, M. Inst. C.E.
On a Sheet mounted in cloth case. {Just Published. 3/6
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EARTHWORK TABLES.
Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of
Heights or Depths up to an average of 8o feet. By _Joszm BroaDBENT, C. E. .y

and Francis Camrin, C.E. Crown 8vo, cloth | 3 J . 8/0
‘ The way in which accuracy is attained, by a simple divislon of each cross section nto three
elements, two in which are constant and one vanable, is ingenious,”—A thenzum,

A MANUAL ON EARTHWORK.

By ALEX. J. S. GRAHAM, C E. With numerous Diagrams. Second Edition.
18mo, cloth 5 a “ " ks - g oty . 2/6

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretical Essay B%V’ H, WaTson Buck, M. Inst. C.E.,
Resident Engineer, L. and N ith Folding Plates, 8vo, cloth 12/0
84 Man¥ of the methods given are oi extreme practical value to the mason, and the observa-
tions on the form of arch, the rules for ordering the stone, and the construction of the templates.
will be found of iderable use. We d the book to the engineering profession,”—
Bmldm News,

ill be regarded by civil engineers as of the utmost value, and calculated to save much

tlme and obviate many mistakes,”—Colliery Guardian.

CAST & WROUGHT IRON BRIDGE CONSTRUCTION

(A Complete and Practical Treatise on), including Iron Foundations. In

Three Parts.—Theoretical, Practical, and Descriptive. By WiLLiaAM HuMBeER,

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 2 vols., imp. 4to, half-bound in

morocco . . . . . . £6 186s. 60.

‘A very valuable contnbutlon to the standard hterature of civil engineering. In addition to
elevations, plans, and sections, Iarge scale detms are given, which very much enhance the
Instructive worth of those illustrations.”"—Civil Engincer and Architects Fournal.

‘“Mr. Humber's statély volumes, lately issued—in which the most important bridges
erected during the last five years, under the direction of the late Mr. Brunel, Sir W. Cubitt,
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
engineers, are drawn and specified in great detail."—Engineer,

ESSAY ON OBLIQUE BRIDGES

(Practical and Theoretxcal) With 13 large Plates. By the late GEORGE
WaTtsoN 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
Facxhtatmg the Construction of Oblxque Bndges, by W. H. BArLow, M. I C.E.
Royal 8vo, cloth . & A aQ 3 2/0
“The standard text-book for all engmeers regatdmg skew arches is Mr. Buck's treatlse,
and it would be impossibleto consult a better.”—Engincer.
‘* Mr. Buck’s treatise is recognised as a standard text-book, and his treatment has_divested
the sub)ect of many of the intricacies supposed to belong to it. As a guide to the engineer and
architect, on a confessedly difficult subject, Mr. Buck'’s work is unsurpassed.”—Buslding News.

THE CONSTRUCTION OF OBLIQUE ARCHES

(A Practical Treatise on). By JOHN Hart. Third Edition, with Plates.
Imperial 8vo, cloth . o o 3 o 3 3 o . 80

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to the Treatment of Stresses in Roofs, Solid

Girders, Lattice, Bowstring, and Sus ension Bridges, Braced Iron Arches and

Piers, and other Frameworks. E HupsoN GraHaM, C.E. Containing

Dlagrams and Plates to Scale. Wlth numerous Examples, many taken from

existing Structures.  Specially arranged for Class-work in Colleges and

Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 16/0Q

¢ Mr. Graham's book will find a place wherever graphic and analytic statics are used or
studled."—ZEngincer.

““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 illustrated by an abundance of

11 1 Itisan llent text-book for the " A th

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.
A Graphic Table for Facilitating the Computation of the Weights of Wrou%n
Iron and Steel Girders, &c., for Parliamentary and other Estxmates.
J. H. Wartson Buck, M. Inst. C.E. On a Sheet .
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PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic, Giving Rules for the Delineation
and Application of various Geometrical Lines, Figures, and Curves. By
E. W. Tarn, M.A., Architect. 8vo, cloth . g o 3 a .
*No book with the same objects in view has ever been published in which the clearness of
the rules laid down and the illustrative diagrams have been so satisfactory.”—Scotsman.

THE GEOMETRY OF COMPASSES.

Or, Problems Resolved by the mere Description of Circles and the Use of
Coloured Diagrams and Symbols. By OLivEr Byrne. Coloured Plates.
Crown 8vo, cloth 9 o o s 3 5 3 o 2T . . 386

HANDY BOOK FOR THE CALCULATION oF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formula

and Corresponding Diagrams, with numerous details for Practical Applica-

tion, &c. By WirLLiam HuMmBER, A. M. Inst. C.E., &c. Fifth Edition.

Crown 8vo, with nearly oo Woodcuts and 3 Plates, cloth . 3 . 7/8
“ The formula are neadg expressed, and the diairams good."—A thenzum.

** We heartily commend this really %anzdy book to our engineer and architect readers.”—
Bnglish Mechanic.

TRUSSES OF W0OOD 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. ~ 8vo, cloth. 4/6
“This handy little book enters so minutely into every detail connected with the con.
structlon of roof trusses that no student need be ignorant of these matters."—Practical Engineer.

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F. W. SueiLps, M.1.C.E,
8vo, cloth . “ 3 Q o 5 5 L, n ¢ 3 3 . B5/0

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Apglication in Architecture, the Construction of Suspension
Bridges, Railways, &c. By PETER BarLow, F.R.S. A new Edition, revised
by his Sons, P. W. Barrow, F.R.S., and W. H. Barrow, F.R.S. ; to which
are added, ilxperiments by Hopgxinson, FAIRBAIRN, and KIRKALDY; and
Formule for calculating Girders, &c. Arranged and Edited by Wm. HuMBER,
A. M.Inst. C.E. 8vo, cloth . f ¢ 5 W S 3 < . 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 parti ject."—Engi:
*“ As a scientific work of the ﬁrft c.las"s, i£ de’s.el;ve"s' a,_fore

every civil engineer and practical

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention; with a De-
scription of Modern Appliances and Systems. By CLEMENT E. STRETTON,
C.E., Vice-President and Consulting’ Engineer, Amalgamated Society of
Railway Servants. With Illustrations and Coloured Plates. Third Edition,
Enlarged. Crown 8vo, cloth . . 4 6 g . g . £ /16
A book for the engineer, the directors, the managers; and, in short, all who wish for
information on railway matters will find a perfect encyclopadia in ‘Safe Railway Working.' "—
Railway Review.
'*We commend the remarks on railway signalling to all railway managers, especlally where
a uniform code and practice is advocated."—Herepath's Railway Fournal,

EXPANSION OF STRUCTURES BY HEAT.

By Joun KeiLv, C.E., late of the Indian Public Works Department. Crown
8vo, cloth . . o e 5 J . 3/8

* The aim the author has set before him, viz., to show the effects of heat upon metallic and
other structures, is a laudable one, for this is a branch of physics upon which the engineer or
architect can find but little reliable and comprehensive data in books.”"—Buslder,

subject. g
most place on the bookshelves of
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THE PROGRESS OF MODERN ENGINEERING.

Complete in Four Volumes, imperial 4to, half-morocco, price £12 12s.
Each volume sold separately, as follows :—

FirsT SeriEs, Comprising Civil, Mechanical, Marine, Hydraulic, Railway,

Bridge, and other Engineering Works, &c. By WirLiam HuUMBER,

A. M. Inst, C.E.,&c._ Imp. 4to, with 36 Double Plates, drawn to a large scale,

Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious

descriptive Letterpress, Specifications, &c. Half-morocco = . . £3 3s.

List oF THE PLATES AND DIAGRAMS.

VICTORIA STATION AND ROOF, L. B. & §. C. R. (8 PLATES); SOUTHPORT PIER
(2 PLATES) ; VICTORIA STATION AND ROOF, L. C. & D. AND G. W. R. (6 PLATES); ROOF
OF CREMORNE MUSIC HALL; BRIDGE OVER G. N. RAILWAY; ROOF OF STATION,
DUTCH RHENISH RAIL. (2 PLATES); BRIDGE OVER THE THAMES, WEST LONDON
EXTENSION RAILWAY (5 PLATES); ARMOUR PLATES; SUSPENSION BRIDGE, THAMES
(4 PLATES); THE ALLEN ENGINE; SUSPENSION BRIDGE, AVON (3 PLATES); UNDER-
GROUND RAILWAY (3 PLATES).

HUMBER’S MODERN ENGINEERING.

SEconD SERIES. Imp. 4to, 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-morocco . . 3 q 5 . £3 3s.

LisT oF THE PLATES AND DiAGRAMS.

BIRKENHEAD DOCKS, LOW WATER BASIN (15 PLATES); CHARING CROSS STATION
ROOF, C. C. RAILWAY (3 PLATES); DIGSWELL VIADUCT, GREAT NORTHERN RAILWAY;
ROBBERY WOOD VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY;
CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; EBBW
VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; COLLEGE WOOD
VIADUCT, CORNWALL RAILWAY; DUBLIN WINTER PALACE ROOF (3 PLATES); BRIDGE
?VER THE THAMES, L. C. & D. RAILWAY (6 PLATES); ALBERT HARBOUR, GREENOCK
4 PLATES).

HUMBER’S MODERN ENGINEERING.

Tuirp SERiEs. Imp. 4to, with 40 Double Plates, Photographic Portrait of
. R. M‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress,
pecifications, &, Halfmorocco . . . . . . . £3 3s.

LisT oF THE PLATES AND DIAGRAMS.

MAIN DRAINAGE, METROPOLIS.~Nortk Side.—MAP SHOWING INTERCEPTION OF
SEWERS; MIDDLE LEVEL SEWER (2 PLATES); OUTFALL SEWER, BRIDGE OVER RIVER
LEA (3 PLATES}; OUTFALL SEWER, BRIDGE OVER MARSH LANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION ; OUTFALL SEWER, BRIDGE OVER
BOW AND BARKING RAILWAY (3 PLATES) ; OUTFALL SEWER, BRIDGE OVER EAST LONDON
‘WATER-WORKS' FEEDER (2 PLATES) ; OUTFALL SEWER RESERVOIR (2 PLATES); OUTFALL
SEWER, TUMBLING BAY AND OUTLET; OUTFALL SEWER, PENSTOCKS. Soutk Side.~
OUTFALL SEWER, BERMONDSEY BRANCH (2 PLATES) ; OUTFALL SEWER, RESERVOIR AND
(S)UTLBE 4 PLjATES) ; OUTFALL SEWER, FILTH HOIST ; SECTIONS OF SEWERS NORTH AND

OUTH SIDES).

THAMES EMBANKMENT.—SECTION OF RIVER WALL; STEAMBOAT PIER, WEST-
MINSTER (2 PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO
BRIDGES ; YORK GATE (2 PLATES); OVERFLOW AND OUTLET AT SAVOY STREET SEWER
(3 PLATES); STEAMBOAT PIER, WATERLOO BRIDGE (3 PLATES); JUNCTION OF SEWERS,
lgums AND SECTIONS; GULLIES, PLANS AND SECTIONS; ROLLING STOCK ; GRANITE
AND IRON FORTS.

HUMBER’S MODERN ENGINEERING.

FourTH SERIES. Imp. 4to, with 36 Double Plates, Photographic Portrait of
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci-
fications, &c. Half-morocco . . . . . . . . £3 3s.

LIST OF THE PLATES AND DIAGRAMS.

ABBEY MILLS PUMPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES);
BARROW DOCKS (5 PLATES); MANQUIS VIADUCT, SANTIAGO AND VALPARAISO RAILWAY,
(2 PLATES); ADAM'S LOCOMOTIVE, ST. HELEN'S CANAL RAILWAY (2 PLATES); CANNON
STREET STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); ROAD BRIDGE OVER
THE RIVER MOKA (2 PLATES); TELEGRAPHIC APPARATUS FOR MESOPOTAMIA ; VIADUCT
OVER THE RIVER WYE, MIDLAND RAILWAY (3 PLATES); ST. GERMANS VIADUCT
CORNWALL RAILWAY (2 PLATES}); WROUGHT-IRON CYLINDER FOR DIVING BELL
MILLWALL DOCKS (6 PLATES); MILROY S PATENT EXCAVATOR; METROPOLITAN DIS
TRICT RAILWAY (6 PLATES); HARBOURS, PORTS, AND BREAKWATERS (3 PLATES).
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, &c.

THE NAVAL ARCHITECT’S AND SHIPBUILDER'S
POCKET=-BOOK of Formulz, Rules, and Tables, and Marine Engineer’s and
Surveyor's Handy Book of Reference. By CLEMENT Mackrow, M.L.N.A.
Seventh Edition, 700 pp., with 300 Illustrations. Fcap., leather . . 12/6

SUMMARY OF CONTENTS:—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGONO-

METRY.—PRACTICAL GEOMETRY.—MENSURATION.—CENTRES AND MOMENTS OF FIGURES.

—MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS FOR

SIMPSON'S RULES,—MECHANICAL PRINCIPLES,—CENTRE OF GRAVITY.—LAWS OF MOTION,

—DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S HULL.—

STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.—ROLLING

OF SHIPS.—PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING,

CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND

RUDDERS OF VESSELS.—LAUNCHING CALCULATIONS AND VELOCITIES.—WEIGHT OF

MATERIAL AND GEAR.—GUN PARTICULARS AND WEIGHT.— STANDARD 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, — MECHANICAL

POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD

OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BOILERS.—LLOYD'S WEIGHT

OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—

SHIPS' FITTINGS AND TESTS.—SEASONING PRESERVING TIMBER.—MEASUREMENT OF

TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS-

PORT REGULATIONS.—RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.—PER-

CENTAGES FOR BUTT STRAPS, &C.—PARTICULARS OF YACHTS.—MASTING AND RIGGING

VESSELS.—DISTANCES OF FOREIGN PORTS.— TONNAGE TABLES.—VOCABULARY OF

FRENCH AND ENGLISH TERMS. — ENGLISH WEIGHTS AND MEASURES. — FOREIGN

WEIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONEY.—DISCOUNT

AND WAGES TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF

CIRCULAR MEASURES,—TABLES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—

TABLES OF AREAS OF SEGMENTS OF CIRCLES.—TABLES OF SQUARES AND CUBES AND

ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPER-

BOLIC LOGARITHMS.—TABLES OF NATURAL SINES, TANGENTS, &c.—TABLES OF

LOGARITHMIC SINES, TANGENTS, &c.

“In these datys of advanced knowledge a work like this is of the greatest value. It contains

a vast amount of information, We unhesitatingly say that it is the most valuable compilation for its

specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman,

wood or iron shipbuilder, can afford to be without this work."~—Naw#ical Magazine.
*“Should be used by all who are engaged in the construction or design of vessels. will

be found to contain the most useful tables and required by shipbuild carefully d

from the best authorities, and put together in a popular and simple form. The book is one of

exceptional merit.”"—Enginecer,
** The professional shipbuilder has now, in a convenient and accessible form, reliable data for
solving many of the numerous problems that present themselves in the course of his work.”—/rozn.
“There is no doubt that a pocket-book of this description must be a necessity in the ship-
building trade. . . The volume contains a mass of useful information clearly expressed and
presented in a handy form.”"—Marine Engincer.

WANNAN’S MARINE ENGINEER’S GUIDE

To Board of Trade Examinations for Certificates of Competency. Containing
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ;
302 Elementary Questions with Illustrated Answers, and Verbal Questions
and Answers; complete Set of Drawings with Statements completed. By
A. C. WaNNAN, C.E., Consulting Engineer,and E. W. I. Wannan, M.I.M.E.,
Certificated First Class Marine Engineer. Illustrated with numerous Engrav-
ings. Second Edition, Revised and Enlarged. 500 pages. Large crown 8vo,

cloth. [ Just Published. Net 10/6
** The book is clearly and plainly written and avoids v ions and 1
and we consider it a valuable book for students of marine it ing.” medV ical Magazine.

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. Square 18mo, with
thumb Index, leather . o x d 3 : 4 3 5 5
‘** There is a great deal of useful information in this little pocket-book. It is of the rule-of
g;;b order, and 15, on that account, well adapted to the uses of the sea-going engineer.”—
neer.

L. B
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MARINE ENGINES AND STEAM VESSELS.
A Treatise on. By RoBeErT Murrav, C.E. Eighth Edition, thoroughly
Revised, with considerable Additions by the Author and by GrorGe
CARLISLE, C.E., Senior Surveyor to the Board of Trade. 12mo, cloth. 4/8

SEA TERMS, PHRASES, AND WORDS
(Technical Dictionary of) used in the English and French Languages
(English-French, French-English). For the Use of Seamen, Engineers, Pilots,
Shipbuilders, Shlpowners, and Ship-brokers. Compiled by W. PIRrrIE, late of

the African Steamship Company. Fcap. 8vo, cloth limp 3 o . 85/0
** This volume will be l'nghly appreclaled by seamen, i pilots, shi jlders and ship-
owners. It will be found w and S

** A very useful dictionary, wh:ch has long been wanted by French and English engineers,
masters, officers and others."—Shipping World.

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 Sea-going
Engineers in Charge. By J. W. UrQUHART, Author of * Electric Light,”
‘““Dynamo Construction,’ c.  Second Edition, Revised and Extended.
326 pp., with 88 Illustrations. Crown 8vo, cloth. [Just Published. 7|6

MARINE ENGINEER’S POCKET-BOOK.

Consisting of useful Tables and Formulz. By Frank ProcTOR, A.L.N.A.
Third Edition. Royal 32mo, leather, gilt edges, with strap . ‘ . 4/0

** We recommend it to our readers as going far to sup;by a long-felt want.”—Naval Science.
** A most useful companion to all marine engineers.” nited Service Gasette,

ELEMENTARY ENGINEERING.

A Marual for Young Marine Engineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine Engmes and Boilers, Geometry, &c., &c. With
an Appendix of Useful Tables. By J. S. BREwer. Crown 8vo, cfoth 1/6

** Contains much valuable information for the class for whom it is intended, especially in the
chapters on the management of boilers and engines.”"—Nau#tical Magazine

PRACTICAL NAVIGATION.

Consisting of THE SAILOR's SEA-BooK, by James GREENwooD and W. H.
RosSER ; together with the exquisite Mathematical and Nautical Tables for
the Workmg of the Problems, by HEnrv Law, C.E., and Professor J. R
Young. Illustrated. 12mo, strongly half-bound . 5 b 0

THE ART AND SCIENCE OF SAILMAKING.

Il\ally SamueL B. SADLER, Practical Sailmaker, late in the employment of

essrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and

other Illustrations. Small 4to, cloth . ' 5 3 D = . 12/6

* This extremely practical work gives a ! ed fon in all the k hes of the manu-

acture, cutting out, ro| mg, seaming, and goring, It is copiously illustrated, and will form a first-
rate text-book and guide."—Portsmouth Times.

CHAIN CABLES AND CHAINS.

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
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 Testmg, List of Manufacturers of Cables, &c., &c.
Tuomas W. TrarLL, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief,
Board of Trade, Inspector of Chain Cable and Anchor Proving Estabhshments,
and General Superintendent Lloyd’s Committee on Proving Establishments.
With numerous Tables, I]lustranons, and thhographlc Drawmgs Folio,
cloth, bevelled boards. . . A v £2 2s,
“It contalns a vast amount of valuable lnfonna(lon Nothing seems to be wanﬁng to make it
a work of on the subject.”— Nawnical Magaszine.
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MINING, METALLURGY, AND
COLLIERY WORKING.

PROSPECTING FOR GOLD.

A Handbook of Practical Information and Hints for Prospectors based on
Personal Experience. By Danier J. Rankin, F.R.S.G.S., M.R.A.S. Author
of ““The Zambesi Basin,” &c.; formerly Manager of the Central African
Company, and Leader of African Gold Prospecting Expeditions. With Illus.
trations specially Drawn and Engraved for the Work. F'cap. 8vo, leather.

{Just Published. Net /6
THE METALLURGY OF GOLD.

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores.
Including the Assaying, Melting, and Refining of Gold. By M. EISSLER,
Mining Engineer, A.I.M.E., Member of the Institute of Mining and Metal.
lurgy. Author of “ The Metallurgy of Silver,” &c.  Fifth Edition, Enlarged
and Re-arranged. With over 300 illustrations and numerous Folding Plates.
Medium 8vo, cloth. [Just Published. Net 21/0
** This book thoronghly deserves its title of a * Practical Treatise. The whole process of gold
milling, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly
narrative and with much, but not too much, fulness of detail.”—Saturday Review.
* The work is a storehouse of information and valuable data, and we strongly recommend it
to all i men d in the gold-mining industry.”—Mining Fournal.

THE CYANIDE PROCESS OF GOLD EXTRACTION.

Including its Practical Application on the Witwatersrand Gold Fields in South
Africa. By M. Eisster, M.E., Author of ““The Metallurgy of Gold,” &c.
With Diagrams and Working Drawings. Second Edition, Revised and En-
larged. 8vo, cloth . - 5 & H £ n 3 % b . 7/8
** This book is just what was needed to acquaint mining men with the actual working of a
process which is not only the most popular, but is, as a general rule, the most successful for the
extraction of gold from tailings."—Mining Fournal.
*“ The work will prove invaluable to all interested in gold mining."—Chemical News.

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro-
sgectmg and Exploiting Mineral-Bearing Properties, including Particulars of
the Costs of Apparatus and Working. By G. A, DENny, M.N.E. Inst. M.E.,
M.L.M. and M. Author of “The Klerksdorp Goldfieids.” Medium 8vo,
168 pp., with Illustrative Diagrams, {Just Published. 12/6
*“ There is certainly scope for a work on_diamond drilling, and Mr. Denny deserves grateful
recognition for supplying a decided want. We strongly recommend every board of directors to
carefully peruse the pages treating of the applicability ofdi d drilling to auri d its, and,
under certain conditions, its advantages over shaft sinking for systematic prospecting, both from the
surface and underground. The author has given us a valuable volume of eminently practical data
that should be in the possession of those interested in mining."—Mining Fournal.
**Mr. Denny’s handbook is the first English work to give a detailed account of the use of
modern diamond “core-drills in searching for mineral di its. The work ins much infa ion
of a practical character, including particulars of the cost of apparatus and of working.”—Nazxre,

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MERRITT,
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other
Ilustrations. Fcap. 8vo, leather. (Just Published. Net 5|O
*“As an instructor of prospectors’classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the field. The contents cover
all the details of sampling and testing gold and silver ores, The work will be a useful addition to a
prospector’s kit.”—Mining Fournal.
“It gives the gist of the author’s experience as a teacher of prospectors, and is a book which
no prospector could use habitually without finding it pan out well."—=Scotsmasn,

THE PROSPECTOR’S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal-Bearing or other

Valuable Minerals. By J. W. ANDERsCN, M.A. (Camb.), F.R.G.S. Eighth

Edition, thoroughly Revised and much Enlarged. Small crown 8vo, cloth,

3/6 ; or, leather, pocket-book form, with tuck. [Just Published. 4/6

** Will supply a much-felt want, especially among Colonists, In whose way are so often thrown

many mineralogical specimens the value of which it is difficult to determine.”—Engineer,

_ '‘How to find commercial minerals, and how to identify them when they are found, are the

leading points to which attention is directed. The author has managed to pack as much practical
detail into his pages as would supply material for a book three times its size,”—Mining Fournal.

B2
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THE METALLURGY OF SILVER.

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver
Ores. Including the Assaying, Melting, and Refining of Silver Bullion, By
M. Ei1ssLER, Author of ‘“The Metallurgy of Gold,” &c. Third Edition.
Crown 8vo, cloth . . 6 5 5 < ¥ 8 5 . . 10/6
“A practical treatise, and a technical work which we are convinced will supply a long-felt
want amongst practical men, and at the same time be of value to stud and others indirectl:
connected with the industries.”—Mining Fournal, §
“ From first to last the book is thoroughly sound and reliable."-—Colliery Guardian.
“ For chemists, practical miners, assayers, and Investors alike we do not know of any work
on the subject so handy and yet so comprehensive."—Glasgow Herald.

THE HYDRO-METALLURGY OF COPPER ORES.

By M. E1ssLER, Author of * The Metallurgy of Gold,” &c. Medium 8vo,
with Folding Plates. [Zn the Press.

THE METALLURGY OF ARGENTIFEROUS LEAD.

A Practica} Treatise on the Smelting of Si}ver-Lead Ores and the Refining of
Lead Bqlhon. Including Re'ports on various Smeltipg Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Europe and America.
By M. EissLER, M.E., Author of ‘ The Metallurgy of Gold,” g . Crown 8vo,
400 pp., with 183 Illustrations, cloth . . Lk L RO BN "), 1
“The 1 P which are fully and ively treated of, b
all the stages experienced in the passage of the lead from the various natural states to its issue from
the refinery as an article of comnmerce."—Practical Engincer.
“ The present volume fully maintains the reputation of the author. Those who wish to obtain
a thorough insight into the present state of this in ustry cannot do better than read this volume, and
all mining engineers cannot fail to find many useful hints and suggestions in it,"—/ndustries,

METALLIFEROUS MINERALS AND MINING.

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much
Enlarged by his Son, E. Henry Davies, M.E., F.G.S. 600 pp., with 173
Illustrations. Large crown 8vo, cloth [Just Published. Net 12/6
¢ Neither the practical miner nor the general reader, interested in mines, can have a better
book for his companion and his guide.”—Mzning Fournal.
“ As a history of the present state of mining throughout the world this book has a real value,
and it supplies an actual want."—d thenzum,

MACHINERY FOR METALLIFEROUS MINES.
A Practical Treatise for Mining Engineers, Metallurgists, and Managers of
Mines. By E. HEnrv Davies, M.E., F.G.S. Crown 8vo, 580 pp., with
upwards of 300 Illustrations, cloth. -, 3 - . 3 c . 12/68

¢ 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
woodcuts and plates are good.”"—d thenaum.
“From cover to cover the work exhibits all the same characteristlcs which excite the confi-
dence and attract the attention of the student as he peruses the first page. The work may safel;
ded. By its publication the li d with the industry will be enriche
and the rep ion of its author d."—Mining Fournal.

EARTHY AND OTHER MINERALS AND MINING.
By D. C. Davies, F.G.S., Author of ‘‘ Metalliferous Minerals,” &c. Third
Edition, Revised and Enlarged by his Son, E. HENrRY Davies, M.E,, F.G.S.
With about 100 Illustrations. Crown 8vo, cloth . A 5 E . 12/8
“We do not remember to have met with any English work on mining matters that contains
the same amount of information packed in equally i orm. ™ e
“ We should be inclined to rank it as among the very best of the handy technical and trades
manuals which have recently appeared.”—Britisi Quarterly Review,

BRITISH MINING.
A Treatise on the History, Discovery, Practical Development, and Future
Prospects of Metalliferous Mines in the United Kingdom. By ROBERT
HunT, F.R.S., late Keeper of Mining Records. Upwards of gso pp., with
230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth £2 2s,
““The book is a treasure-house of statistical information on mining subjects, and we know of
no other work embodying so great a mass of matter of this kind. Were this the only merit of
Mr. Hunt’s volume it would be sufficient to render it indispensable in the libxarg of every one
:4 d in the devel of the mining and metallurgical industries of this country.”—

thenaum.
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POCKET-BOOK FOR MINERS AND METALLURGISTS.

Comprising Rules, Formulz, Tables, and Notes for Use in Field and Office
Work. By F. Danvers Power, F.G.S., M.E. Second Edition, Corrected.

Fcap. 8vo, leather. [Just Published. 9/Q
*This 1 book is an admirable example of its kind, and ought to find a large sale
English-speaking prosp and mining engineers,”—Engincering.

THE MINER’S HANDBOOK.

A Handy Book of Reference on the subjects of Mineral Deposits, Mining

Operations, Ore Dressing, &c. For the Use of Students and others interested

in Mining Matters. By Joun MiLnE, F.R.S., Professor of Mining in the

Imperial University of Japan. Revised Edition. Fcap. 8vo, leather . 7/6

“ Professor Milne's handbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students,”—d thenazum.

THE IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain. By
J. D. KenpaLr, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0

* The author has a thorough practical knowledge of his subject, and has supplemented a
careful study of the available literature by unpublished information derived from his own observa-
tions. The result is a very nseful volume, which cannot fail to be of value to all interested in the
iron industry of the country.”—Industries.

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
Pumping Machinery. By STEpHEN MicHELL. Second Edition, Re-written
and Enlarged, 390 pp. With about 250 Illustrations. Royal 8vo, cloth.

[ Just Published. Net 25/0

SUMMARY OF CONTENTS:—HORIZONTAL PUMPING ENGINES,—ROTARY AND NON-
ROTARY HORIZONTAL ENGINES.—SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL
PUMPING ENGINES,—ROTARY AND NON-ROTARY VERTICAL ENGINES.—~SIMPLE AND
COMPOUND STEAM PUMPS.—TRIPLE-EXPANSION STEAM PUMPS,—PULSATING STEAM
PUMPS.—PUMP VALVES.—SINKING PUMPS, &c., &c. -

*“This volume contains an immense amount of important and interesting new matter.
‘The book should undoubtedly prove of great use to all who wish for information on the sub-
ject, inasmuch as the different patterns of steam pumps are not alone lucidly described and
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity,
price, &c., are set forth, hence facilitating immensely the rational selection of a pump to suit
any purpose that the reader may desire, or, on the other hand, supplying him with useful
information about any of the pumps that come within the scope of the volume,"— The Engincer,

THE COLLIERY 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
Mining Students preparing for First-class Certificates. By CaLEe PaMELY,
Mining Engineer and Surveyor ; Member of the North of E)Ilglancl Institute of
Mining and Mechanical Engineers ; and Member of the South Wales Institute
of Mining Engineers. With oo Plans, Diagrams, and other Illustrations.
Fourth KEdition, Revised and Enlarged, medium 8vo, over goo pp.
SOy Bomndy 17 P o oL D AT R e SOl BY B,

SUMMARY OF CONTENTS:—GEOLOGY.—SEARCH FOR COAL.—MINERAL LEASES
AND OTHER HOLDINGS.—SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACE
ARRANGEMENTS.—STEAM BOILERS AND THEIR FITTINGS.—TIMBERING AND WALLING.—
NARROW WORK AND METHODS OF WORKING, — UNDERGROUND CONVEYANCE. —
DRAINAGE,—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF
AIR IN MINES.—THE PRIESTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS.—
SURVEYING AND PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCEL-
LANEOUS QUESTIONS AND ANSWERS.—Appendix: SUMMARY OF REPORT OF H.M.
COMMISSIONERS ON ACCIDENTS IN MINES.

_ ' Mr. Pamely has not only given us a comprehensive reference book of a very high order,
ita to the req of mining it and colliery managers, but has also provid
mining students with a class-book that 1s as mnteresting as it is instructive.”—Colliery Manager,

‘* Mr, Pamely’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 of the latest machines in
every department. A mining engineer could scarcely go wrong who followed this work.”—Colliery
Guardian.

* This is the most complete ‘all-round’ work on coal-mining published in the English
language. . . . No library of coal-mining books is complete without it."—Collicry Engincer
{(Scranton, Pa., U.S.A.).
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COLLIERY WORKING AND MANAGEMENT.
Comprising the Duties of a Colliery Manager, the Oversight and Arrange-
ment of Labour and Wages, and the different Systems of Working Coal
Seams., By H. F. BurmaN and R. A. S. REDMAYNE. 354:;] pp., with

28 Plates and other Illustrations, including Underground otographs.
Medium 8vo, cloth. [Just Published. 18/0
“This is, indeed, an admirable Handbook for Colliery M in fact it is an indispensable

adjunct to a Colliery Manager's education, as well as being a most useful and interesting work
on the subject for all who in any way have to do with coal mining. The underground photographs

are an attractive feature of the work, being very lifelike and ily true of the
scenes they depict.”—Colliery Guardian.

K ‘* Mr. Bulman and Mr. Redmayne, who are both experi d Colliery M. of great
literary ability, are to be lated on having lied anauthoritative work dealing with a side

of the subject of coal mining which has hitherto received but scant treatment. he authors
elucidate their text by 119 woodcuts and 28 plates, most of the latter being admirable reproductions
of photographs taken underground with the aid of the magnesium flash-light. These illustrations
are excellent.”—Nature.

COAL AND COAL MINING.

ﬁy the late Sir WaringTON W. SmyTH, F.R.S., Chief Inspector of the

ines of the Crown. Eighth Edition, Revised and Extended by T. FORSTER

BrowN, Mining Engineer, Chief Inspector of the Mines of the Crown and

of the Duchy of Cornwall. Crown 8vo, cloth. [ Just Publisked. 3|6

** As an outline is given of eve%oknown coal-field in this and other countries, as well as of the

S;ipc}pal methods of working, the book will doubtless interest a very large number of readers. —
ining Fournal,

NOTES AND FORMULZE FOR MINING STUDENTS.

By Joun HERMAN MERIVALE, M.A., Late Professor of Mining in the Durham
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and
Enlarged. By H. F. BuLman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6

‘* The author has done his work in a creditable manner, and has produced a book that will

be of service to students and those who are practically engaged in mining operations.”—Engineer.

INFLAMMABLE GAS AND VAPOUR IN THE AIR

(The Detection and Measurement of). By Frank Crowes, D.Sc., Lond.,
F.I.C., Prof. of Chemistry in the University College, Nottingham. ~With a
Chapter on THE DETECTION AND MEASUREMENT OF PETROLEUM Varour
by BoverTon REDWOOD, F.R.S.E., Consulting Adviser to the Co;soratmn
of London under the Petroleum Acts. Crown 8vo, cloth. et 5/0
‘* Professor Clowes has given us a volume on a subject of much industrial importance ., . .
Those interested in these matters may be recommended to study this book, which is easy of compre-
hension and contains many good things.”"—7%e Engineer.
* A book that no mining i inly no coal mi afford to ignore or to leave
unread."—Mining Fournal,

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams of
Coal, with Returns of their Produce and its Distribution, and Analyses of
Special 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 RIiCHARD MEADE. 8vo, cloth . 3

“Of this book we may unreservedly say that it is the best of its class which we have ever

met. . . . A book of reference which no one engaged in the iron or coal trades should omit from
his library.”—Jron and Coal! Trades Review,

ASBESTOS AND ASBESTIC.
Their Properties, Occurrence, and Use. By RoserT H. Jones, F.S.A,,
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth.
[Just Published. 16/0

“ An interesting and invaluable work.”—Colliery Guardian,

GRANITES AND OUR GRANITE INDUSTRIES.
By GeorGe F. Harris, F.G.S., Membre de la Société Belge de Géologie,
Lecturer on Economic Geology at the Birkbeck Institution, &c. With Illus-

trations. Crown 8vo, cloth £ 5 9 x B S B ] q
“ A clearly and well-written manual for p d ori d inthe granite industry.”
~Scotsman,

TRAVERSE TABLES.

For use in Mine Surveying. By W, LINTERN, Mining Engineer. Crown
8vo, cloth. [ Just Published. Net 3/O
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ELECTRICITY, ELECTRICAL
ENGINEERING, &c.

SUBMARINE TELEGRAPHS.

Their History, Construction, and Working.  Founded in part on WUNSCHEN-
DorFF’s ‘‘ Traité de Télégraphie Sous-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CHARLES BriGuT, F.R.S.E. Superroyal
8vo, about 780 pp., fully Illustrated, including Maps and Folding Plates

[Just Published. Net £3 3s.

* There are few, if any, persons more fitted to write a treatise on submarine telegraphy than
Mr, Charles Bright, The author has done his work admirably, and has written in a way which will
appeal as much to the layman as to the engineer, This admirable volume must, for many years to
come, hold the position of the English classic on i 1 V'—Engineer.

* This book is full of information. It makes a book of reference which should be in every
engineer’s library.”—Nature,

* Mr. Bright’s interestingly written and admirably illustrated book will meet with a welcome
reception from cable men,”—Electrician.

*The author deals with his subject from all points of view—political and strategical as well as
scientific. The work will be of interest, not only to men of science, but to the general public. We
can strongly recommend it.”—d thenzum.

“ The work contains a great store of technical information concemin¥ the making and work-
ing of submarine telegraphs, In bringing together the most valuable results relating to the evolu-
tion of the telegraph, the author has rendered a service that will be very widely appreciated,”—
Morning Post,

DYNAMO ELECTRIC MACHINERY.

Its Construction, Design, and Operation (Direct Current Machines). By
SAMUEL SHELDON, A.M., Ph.D., assisted by H. Mason, B.S. Second
Edition, Revised. Large crown 8vo, cloth. With 202 illustrations.

[Just Published. Net 10/6

THE ELECTRICAL ENGINEER’S POCKET-BOOK.

Consisting of Modern Rules, Formulz, Tables, and Data. By H. R. KEmPE,
M.Inst.E.E., A.M.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 Illus-
trations. Royal 32mo, oblong, leather . . S . 6 - 4 /

‘It is the best book of its kind.”—FElectrical Engineer,

* The Electrical Engineer's Pocket-Book is a good one.”—Electrician.

‘¢ Strongly ded to those engaged in the electrical industries,”—Electrical Review.

ELECTRIC LIGHT FITTING.

A Handbook for Working Electrical Engineers, embodying Practical Notes on
Installation Management. By J. W. URQUHART, Electrician, Author of
‘“Electric Light,” &c. With numerous Illustrations. Third Edition,
Revised, with Additions. Crown 8vo, cloth. {Just Published. §/0

“This volume deals with what may be termed the hanics of electric lighting, and is
addressed to men who are already engaged in the work, or are training for it. The work traverses

a great deal of ground, and may be read as a sequel to the same author’s useful work on * Electric
Light.'"—Electyician.

ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps.
By J. W. UrqQuuarT, C.E. Sixth Edition, Revised, with Additions and 145
Illustrations, Crown 8vo, cloth. [Just Published. 7|6

* The whole ground of electric lighting is more or less covered and explained in a very clear
and conzse manner,"—ZElectrical Review
“

vade-mecum of the salient facts connected with the science of electric lighting. "~
Electrician.

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of Engineer-Constructors and Electricians.

in-Charge. Embracing Framework Building, Field Magnet and Armature

Winding and Grouping, Compounding, &c. By J. W. UrRQUHART. Second

Edition, Enlarged. Crown 8vo, cloth . o . e VO . 7/8

“Mr. Urquhart’s book is the first one which deals with these matters in such a way that the

engineering student can understand them. The book is very readable, and the author leads his
readers up to difficult subjects by reasonably simple tests.”—ZEngincersng Revicw,
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THE MANAGEMENT OF DYNAMOS.

A Handy Book of Theory and Practice for the Use of Mechanics, Engineers,
Students, and others in Charge of Dynamos. By G. W. LumMis-PATERSON.
Second Edition, thoroughly Revised and Enlarged. With numerous Illustra-

tions. Crown 8vo, cloth. (Just Published. 4|6

*An examgle which deserves to be taken as a model by other authors. The subject is treated

in a manner which any intelligent man who is fit to be entrusted with charge of an engine should

be able to understand. Itis a useful book to all who make, tend, or employ electric machinery.”
—dArchitect,

THE STANDARD ELECTRICAL DICTIONARY.

A Popular Encyclopzdia of Words and Terms Used in the Practice of Electrical

Engineering. By T. O'CoNor SiLoang, A.M., Ph.D. Second Edition,
with Appendix to date. Crown 8vo, 680 pp., 390 Illustrations, cloth.

(Just Published. T7/6

* The work has many attractive features In it, and is, beyond doubt, a well put together and

useful publication. The amount of ground covered may be gathered from the fact that in the index
about 5,600 references will be found.”—E/lectrical Review.

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 Seagoing
Engineers-in-Charge. By J. W. UrQUHART, C.E. Second Edition, Revised
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth.

[Just Published. 7|6

“The subject of ship electric lighting is one of vast importance, and Mr, Urquhart is to be
' lgjghly c;mplimented for placing such a valuable work at the service of marine electricians,”—Z7%e¢
teamship.

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 J. H. KNIGHT.
Third Edition, Revised. Crown 8vo, wrapper. [Just Published. 1/0

““The book contains excellent advice and many practical hints for the help of those who wish
to light their own houses.”"—Building News.

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).
By Aran A. CamPBELL SwINTON, M.Inst.C.E., M.Inst.E.E. Fourth Edition,
Revised. With 16 Illustrations. Crown 8vo, cloth, (Just Published. 1|6

“ Any one who desires a short and thomughlfr clear exposition of the elementary principles of
electric lighting cannot do better than read this little work.”—=Bredsord Observer.

DYNAMIC ELECTRICITY AND MAGNETISM.

By Puirir ATkinsON, AM., Ph.D., Author of ‘‘Elements of Static
Electricity,” &c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . 10Q/6

POWER TRANSMITTED BY ELECTRICITY

And applied by the Electric Motor, including Electric Railway Construction,
By P. ATkiNsoN, A.M., Ph.D. Third Edition, Fully Revised, and New
Matter added. With g4 Illustrations. Crown 8vo, cloth.

[Just Published. Net 9O
HOW TO MAKE A DYNAMO.

A Practical Treatise for Amateurs, Containing numerous Illustrations and

Detailed Instructions for Constructing a Small Dynamo to Produce the

Electric Light. By ALFrED CrorTs. Sixth Edition, Revised and Enlarged.

Crown 8vo, cloth. { Just Published. 2/0

* The instructions given in this ungretenﬂous little book are sufficiently clear and explicit to

enable any i of ge skill and the usual tools to be found in an
s 5 o

kshop to build a practi 1 dynamo h E, ician,

THE STUDENT’S TEXT-BOOK OF ELECTRICITY.

By H. M. Noap, F.R.S. Cheaper Edition. 6350 pp., with 470 Illustrations.
Crown 8vo, cloth R Ui 9/0
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ARCHITECTURE, BUILDING, &c.

PRACTICAL BUILDING CONSTRUCTION.

A Handbook for Students Preparing for Examinations, and a Book of
Reference for Persons Engaged in Building. By JonnN PARNELL ALLEN,
Surveyor, Lecturer on Building Construction at the Durham College of
Science, Newecastle-on-Tyne. Third Edition, Revised and Enlarged.
Medium 8vo, 450 pp., with 1,000 Illustrations, cloth.  [Just Published. 7/6

* The most )| ition of ion we have seen. It contains all thatis
necessary to prepare students for the various inations in building const: "—Building

cws.

“ 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.”—7he A rchitect. . L

“The work is sure to prove a formidable rival to great and small competitors alike, and
bids fair to take a p placeas a ite student’s text-book. The large number of illus-
trations deserve particular mention fur the great merit they possess for purposes of reference in
exactly corresponding to convenient scales,”— Fournalof the Royal Institute of British 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, Vaults, Tracery Windows, &c., &c. For the Use of Students, Masons,

and other Workmen. By WiLLiam R. PUrcHASE, Building Inspector to the

Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 142 pp.,

with sz Lithographic Plates, comprising nearly 4oo separate Diagrams,

cloth. [ Just Published. 7|6

“Mr. Purchase’s ‘Practical Masonry’ will undoubtedly be found useful to all interested in

this important subject, whether theoretically or practically. Most of the examples given are from

actnal work carried out, the diagrams being carefully drawn. The book is a practical treatise on

the subject, the author himself having commenced as an operative mason, and afterwards acted as

foreman mason on mau'.ty large and important buildings prior to the attainment of his present

position. It should be found of general utility to architectural students and others, as well as to
those to whom it is specially addressed.”— Fowrnal of the Royal Institute of British Architects.

MODERN PLUMBING, STEAM AND HOT WATER
HEATING.
A New Practical Work for the Plumber, the Heating Engineer, the Architect,
and the Builder. By J. J. LAWLER, Author of ‘‘ American Sanitary Plumbing,"”
&c. With 284 Illustrations and Folding Plates. 4to, cloth.

[ Just Published. Net 21/-
HEATING BY HOT WATER.

With Information and Suggestions on the best Methods of Heating Public,
Private and Horticultural Buildings. By WALTER JoNes. Second Edition.
With g6 Illustrations, crown 8vo, cloth . b A ¥ . Net2/8

“We d '1 d all d in heating by hot water to secure a copy of this
valuable little treatise.”—7%e Plumber and Decorator.

CONCRETE : ITS NATURE AND USES.

A Book for Architects, Builders, Contractors, and Clerks of Works. By
GEORGE L. SuTcLIFFE, A.R.I.LB.A. 350 pp., with numerous Illustrations.
Crown 8vo, cloth . ! 3 S . i s 4 . 4 . T7/6
‘* The author treats a difficult subject in a lucid manner. The manual fills a long-felt gap.
It is careful and exhaustive ; equally nseful as a student's guide and an architect’s book of
reference.”— Fournal i9f the Roya!l Institute of British Architects.
** There is room for this new book, which will probably be for some time the standard work
on the subject for a builder’s purpose.”—Glasgow Herald,

LOCKWOOD’S BUILDER'’S PRICE BOOK for 1902.

A Comprehensive Handbook of the Latest Prices and Data for Builders,

Architects, Engineers, and Contractors. Re-constructed, Re-written, and

Greatly Enlarged. By Francis T. W. MiLLER, 8oo closely-printed pages,

crown 8vo, cloth . R 4 ) 4 Y 4 A v o S . 4/0

**This book is a very useful one, and should find a place in every English office connected

with the buildmi and ing p ions, "—/nd; e

** An excellent book of reference.”—.4rchitect.

. "In its new and revised form this Price Book Is what a work of this kind should be—compre-
hensive, reliable, well arranged, legible, and well bound, " —Britisk A rchitect.

buildi
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THE DECORATIVE PART OF CIVIL ARCHITECTURE.

By Sir WirLiam CuamsErs, F.R.S. With Portrait, Illustrations, Notes, and
an EXAMINATION OF GRECIAN ARCHITECTURE, by JosErr GwiLT, F.S.A.
Revised and Edited by W. H. LEEDs. 66 Plates, 4to, cloth :, . 21/0

THE MECHANICS OF ARCHITECTURE.

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects.

By E. W. Tarx, M.A., Author of ‘ The Science of Building,” &c. Second

Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6
“ The book is a very useful and helpful manual of itectural ics,”—Builder,

A HANDY BOOK OF VILLA ARCHITECTURE.

Being a Series of Designs for Villa Residences in various Styles. With
Outline Specifications and Estimates, By C. WICKES, Architect. 61 Plates,
. 4to, half-morocco, gilt edges . N A . £1 11s, 60o.

“The whole of the designs bear evidence of their bemg the work of an artistic architect, and
they will prove very valuable and suggestive.”—Buslding News.

THE ARCHITECT’S GUIDE.

Being a Text-book of Useful Information for Architects, Engineers, Surveyors,
Contractors, Clerks of Works, &c., &. By FREDERICK ROGERS, Architect.
Third Edition. Crown 8vo, cloth . 9, & - 5 3 B . 3/6

ARCHITECTURAL PERSPECTIVE.

The whole Course and Operations of the Draughtsman in Drawing a Large
House in Linear Perspective. Illustrated by 43 Folding Plates. By F.
FERGUSON. Second Edition, Enlarged. 8vo, boards . g .

¢ It is the most intelligible of the treatises on this ill-treated subject that I have met with.”"—
E. INGRESS BELL, ESQ., inthe R..LB.4. Fournal.

PRACTICAL RULES ON DRAWING.

For the Operative Builder and Young Student in Architecture. By GEORGE
PyNE. 14 Plates, 4to, boards . 2 z E N8 5 . 716

MEASURING AND VALUING ARTIFICER’S WORK

(The Student’s Guide to the Practice of). Containing Directions for taking
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with
Tables of Constants for Valuation of Labour, and for the Calculation of ‘Areas
and Solidities. Orxgmal]y edited by E. DossoN, Architect. With Additions
by E. W. TarN, M.A. Seventh Edition, Revised. With 8 Plates and
63 Woodcuts. Crown 8vo, cloth. [Just Published. 76
** This edition will be found the most complete treatise on the principles of measuring and
valuing artificer’s work that has yet been published.”"—Building News.

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR.

For, Builders and Surveyors. Containing Technical Directions for Measuring
Work in all the Building Trades, Complete Specifications for Houses, Roads,
and Drains, and an Easy Method of Estimating the parts of a Building
collectively. By A. C. BEaTon. Ninth Edition. Waistcoat- pocket size,
Filteapesh e L T a e TS 1/6
*No builder, architect, surveyor, or valuer shouldbemthcut hls ¢ Beaton."‘—Emldmz News

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern Bmfdmgs Upon the Basis of the
Work by ALFRED BARTHOLOMEW, thoroughly Revised, Corrected, and greatly
a{:hiﬁd to by FREDERICK ROGERS, Architect. Third detxon, Revised. 1 g\/l‘o),
clof o of p¥ie

“The work is too well known to need any recommendanon from us. It is one of the books
with which every young architect must be equipped.”—drchitect.

THE HOUSE-OWNER’S ESTIMATOR.
Or, What will it Cost to Build, Alter, or Repair? A Price Book or Un-
rofessional People as well as the Architectural Surveyor and Builder. By
D. SimoN.  Edited by F. T. W. MiLLER, A.R.I.B.A.  Fifth Edition,
Carefully Revised. Crown 8vo, cloth. [ Just Published. Net 3/6

“In two years it will repay its cost a hundred times over,"—Fiseld,
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SANITATION AND WATER SUPPLY.

THE BACTERIAL PURIFICATION OF SEWAGE:
Being a Practical Account of the Various Modern Biological Methods of
Purifying Sewage. By SipNev Barwise, M.D. (Lond.), D.P.H. (Camb.),
etc. With 10 Page Plates and 2 Folding Diagrams, Royal 8vo, cloth.
[ Just Published. Net 6/0
THE PURIFICATION OF SEWAGE.
Being a Brief Account of the Scientific Principles of Sewage Punﬁcatmn, and
their Practical Application. By SipNev Barwisg, M.D. (Lond.), M.R.C.S.,
D.P.H. (Camb,), Fellow of the Sanitary Institute, Medical Officer of Health
to the Derbyshire County Council. Crown 8vo, cloth. [Jus¢ Published. 5|0

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others
interested in Water Supply. By S. Ripear, D.Sc. Lond., F.1.C. Second
Edition, Revised, with Additions, including numerous Illustrations and Tables.
Large Crown 8vo, cloth. [Just Published. Net 9/0

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for Small Country Districts. By ALLaN GREeNwELL, A.M.LC.E.,
and W, T. Currv, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0

THE WATER SUPPLY OF CITIES AND TOWNS.
By WiLLiam HuMBER, A.M. Inst. C.E., and M.Inst. M.E, Imp. 4to, half-
bound morocco. (See page 11.) > o . 5 g . Vet £6 6s8.
THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.
By Proressor W. K. Burton, A M. Inst. C.E. Second Edition, Revised
and Extended. Royal 8vo, cloth. (See page 10.) . . . 25/0
WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa«
tion of Water for the Supply of Towns. By C. SLacg, A.M. Inst. C.E. 7/6

SANITARY WORK IN SMALL TOWNS AND VILLAGES.

By CHARLES SLAGG, A. M, Inst. C.E. Crown 8vo, cloth . [, . 8/0
SANITARY ARRANGEMENT OF DWELLING-HOUSES.
By A. J. WaLLis-TAYLER, A.M.Inst.C.E. Crown 8vo, cloth . 5 2/6

MODERN PLUMBING, HOT WATER HEATING, &c.

A New Practical Work for the Plumber, the Heating Engineer, the Architect,
and the Builder. By J. J. LAWLER, Author of *‘ American Sanitary Plumbing,”
&c. With 284 Illustratxons and Foldmg Plates. 4to, cloth.

[ Just Published (see page 25). Net 21/=

PLUMBING.
A Text-book to the Practice of the Art or Craft of the Plumber. By W. P.
BucHan, R.P. Eightb Edition, Enlarged. Crown 8vo,cloth . . 8/8
VENTILATION.

A Text-book to the Practice of the Art of Vennlatmg Bulldmgs By W. P.
Bucuan, R.P. Crown 8vo, cloth . y . . 3/

THE HEALTH OFFICER’S POCKET BOOK.

A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Epwarp
F. WiLLougkBy, M.D. (Lond.), &c. Entirely New Edition, Re-written and
greatly Enlarged. Fcap. 8vo, cloth [Just Publz:hed. Net 10/6
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CARPENTRY, TIMBER, &c.

THE ELEMENTARY PRINCIPLES OF CARPENTRY.

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance

of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting

Iron and Stone with Timber, &c. To which is added an Essay on the Nature

and Properties of Timber, &c., with Descriptions of the kinds of Wood used

in Building; also numerous Tables of the gcantlings of Timber for different

urposes, the Specific Gravities of Materials, &c. By Tromas TrEDGOLD, C.E.

ith an Appendix of Specimens of Various Roofs of Iron and Stone, Illus-

trated. Seventh Edition, thoroughly Revised and considerably Enlarged by

E. WynpHaM TarN, M.A., Author of ‘‘The Science of Building,” &c.

With 61 Plates, Portrait of the Author, and several Woodcuts, In One large

Vol., 4to, cloth 3 . o 4 3 s s A . . 25/0

““Ought to be in every architect’s and every builder’s library.”—Builder,

“A work whose al 1l must d"it wh skilful carpentry ls

concerned, The author’s principles are rather confirmed than impaired by time, The additional
plates are of great intrinsic value.”—Building News.

WOODWORKING MACHINERY.

Its Rise, Progress, and Construction. With Hints on the Management of Saw

Mills and the Economical Conversion of Timber. Illustrated with Examples

of Recent Designs by leading English, French, and American Engineers. By

M. Powis BALE, A.M.Inst.C.%., M.I.LM.E. Second Edition, Revised,

with large Additions, large crown 8vo, 440 pp., cloth . ] 3 . 9/0

“Mr. Bale is evidently an expert on the subject, and he has d so much i ion

that hij '?gok is all-sufficient fgrpuﬂdets and)gthers fengagﬂed in the conve{sjon of timber.”—d ychitect,

e most p p 3 king y we have seen. The
author is a thorough master of his subject.”—Busldirng News.
SAW MILLS.
Their Arra it and Management, and the Economical Conversion of
Timber, By M. Powis BaLg, A.M.Inst.C.E. Second Edition, Revised.
Crown 8vo, cloth. [Just Published. 10/8

“* The administyation of a large sawing establishment Is discussed, and the subject examined
from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like
are gone into in detail, and the course of the timger is traced from its reception to its delivery in its
converted state. We could not desire a more complete or practical treatise.”—Bwuilder.

THE CARPENTER’S GUIDE.

Or, Book of Lines for Carpenters; comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on thelate PETER
NicHoLsON's standard work. A New Edition, Revised by ARTHUR ASHPITEL,
F.S.A. Together with Practical Rules on Drawing, by GEORGE PyNE.
With 74 Plates, 4to, cloth 5 g : 3 : a 5 . £1 1s.

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
CorLiNGs. Second Edition, Revised and Enlarged, to which "is added
A TREATISE ON STAIR-BUILDING. With Plates and Diagrams . . 2/6

“Will be found of practical utility in the execution of this difficult branch ofjoinery.”—Builder.
‘* Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by
the aid of plates and explanatory letterpress.”—Furniture Gazette,

CIRCULAR WORK IN CARPENTRY AND JOINERY.
A Practical Treatise on Circular Work of Single and Double Curvature. By
GeoRGE CoLLINGS. With Diagrams. Third Edition, 12mo, cloth . 2/8
‘* An excellent example of what a book of thls kind should be. Cheap in price, clear in
definition, and practical in the pl 1 d.”—Builder.
THE CABINET-MAKER’S GUIDE TO THE ENTIRE
CONSTRUCTION OF CABINET WORK.,
By RicHarD BiTMeAD. Illustrated with Plans, Sections and Working
Drawings. Crown 8vo, cloth, [ Just Published, 2|6
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HANDRAILING COMPLETE IN EIGHT LESSONS.

On the Square-Cut System. By J. S. GorLpruore, Head of Building
Department, Halifax Technical School. With Exght Plates and over 150
Practical Exercises. 4to, cloth . 3 g 5 5 B . 3/6
¢ Likely to be of considerable value to eylners and others who take a pride In good work.
‘The arrangement of the book is excellent. ‘e heartily commend it to teachers and students,”—
Timbey Trades Fournal.

TIMBER MERCHANT’S and BUILDER’S COMPANION.

Containing New and Copions Tables of the Reduced Weight and Measure
ment of Deals and Battens, of all 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 Timber
to any given Price per Load of so Feet, &c., &c. By WiLLiam DowsiNG.
Fourth Edition, Revised and Corrected. ’Crown 8vo, cloth . g . 8/0
“We are glad to see a fourth edition of these admirable tables, which for correctness and
simplicity of arrangement leave nothing to be desired,”—Timber Trades Fournal,

THE PRACTICAL TIMBER MERCHANT.

A Guide for the Use of Building Contractors, Surveyors, Builders, &c.,
comprising useful Tables for all purposes connected with the Timber Trade,
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of
Timber, &c. ByW RICHARDSON. Second Edmon. Fcap 8vo,cloth . 3/6
“Contains much valuable information for timber b and all
others connected with the growth, sale, and manufacture of tlmbex "wm Fournal of Forestyy.

PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six

inches square and upwards. By W. RicHArRDsoN, Timber Broker. Third

Edition. Oblong 4to, clothiudy lome v P P & . . 36
% ble lab g tables.”.

GUIDE TO SUPERFlClAL 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 facilitate rapid calculation of surfaces., The exact area of

any surface of which the limits have been ascertained can be instantly determined, The book will
be found of the greatest utility to all engaged in building operations.”—Scotsmasn.

PRACTICAL FORESTRY.
And its Bearing on the Improvement of Estates. By CHARLES E. CURTIS,
F.S.1.,, Professor of Forestry, Field Engineering, and General Estate
Management, at the College of Agriculture, Downton. Second Edition,
Revised. Crown 8vo, cloth. [ Just Published. 36
SUMMARY_ OF CONTENTS: — PREFATORY REMARKS.— OBJECTS OF PLANTING.—
CHOICE OF A FORESTER.—CHOICE OF SOIL AND SITE.—LAYING OUT OF LAND FOR
PLANTATIONS.—PREPARATION OF THE GROUND FOR PLANTING.—DRAINAGE.—PLANT-
ING.—DISTANCES AND DISTRIBUTION OF TREES IN PLANTATIONS.—TREES AND GROUND
GAME.—ATTENTION AFTER PLANTING.—THINNING OF PLANTATIONS — PRUNING OF
FOREST TREES.—REALIZATION.—METHODS OF SALE.—MEASUREMENT OF TIMBER.—
MEASUREMENT AND VALUATION OF LARCH PLANTATION.—FIRE. LINES,—COST OF
PLANTING.
“Mr. Curtis has in the course of a series of short plthy chapters afforded much mforma-
tion of a useful and practical on the p g and s qf treatment of trees.”—
Jilustrated Carpenter and Builder.

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 . e . 10/0

THE TIMBER IMPORTER’S, TIMBER MERCHANT'’S,
AND BUILDER’S STANDARD GUIDE
By RicHarp E. Granpy. Comprising :—An Analysxs of Deal Standards,
Home and Foreign, with Comparative Values and Tabular Arrangements for
fixing Net Landed Cost on Baltic and North American Deals, including all
mtermedlate Expenses, Freight, Insurance, &c. ; together with copious Informa-
tion for the Retailer and Builder. Third Edition. 12mo, cloth 2/0
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DECORATIVE ARTS, &c.

SCHOOL OF PAINTING FOR THE IMITATION OF
WO0ODS AND MARBLES.

As.Taught and Practised by A. R. VAN pErR BURG and P. VAN DER Bure
Directors of the Rotterdam Painting Institution. Royal folio, 18% by 12 in.,
Illustrated with 24 full-size Coloured Plates ; also 12 plain Plates, comprmng
154 Figures. Third Edition, cloth. [Just Published. £1 11s. 60o.
LIST OF PLATES :—1. VARIOUS TOOLS REQUIREDFOR WOOD PAINTING.—2, 3 WALNUT;
PRELIMINARY STAGES OF GRAINING AND FINISHED SPECIMEN —~—4. TOOLS USED FOR
MARBLE PAINTING AND METHOD OF MANIPULATION,—s, 6. ST. REMI MARBLE;
EARLIER OPERATIONS AND FINISHED SPECIMEN. — 7. ETHODS OF SKBTCH[NG
DIFFERENT GRAINS, KNOTS, &c.—8, 9. ASH: PRELIMINARY STAGES AND FINISHED
SPECIMEN.—10, METHODS OF SKETCHING MARBLE GRAINS.—11, 12. BRECHE MAREBLE ;
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.-13. MAPLE ; METHODS
OF PRODUCING THE DIFFERENT GRAINS.—14, 15. BIRD'S-EYE MAPLE; PRELIMINARY
STAGES AND FINISHED SPECIMEN.—16, METHODS OF SKETCHING THE DIFFERENT
SPECIES OF WHITE MARBLE.—17, 18. WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.—19. MAHOGANY; SPECIMENS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION. —20, 21. MAHOGANY ; EARLIER STAGES AND
FINISHED SPECIMEN.—=22, 23, 24. SIENNA MARBLE; VARIBTIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN.—25, 26, 27. JUNIPER WOOD; METHODS OF PRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SPECIMEN.—28, 29, 30. VERT
DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED
AND FINISHED SPECIMF.NS —31, 32, 33. OAK; VARIETIES OF GRAIN, TOOLS EMPLOYED
AND METHODS OF MANIPULATION, PRBLIMINARY STAGRS AND FINISHBD SPECIMEN, —
, 35, 36. WAULSORT MARELE; VARIBTIBS OF GRAIN, UNFINISHED AND FINISHED
PECIMENS.
“ Those who desire to attain skill in the art of palnting woods and marbles will find advantage
lnconsultmg this book(i Qe Some of the Workmg Men'’s Clubs should give their young men
y to study it.”

A comprehensn}/'e ide to the art. The of the
and management of the colours, and the beautifully exscuted plates wxll not be the least valuable to

the student who aims at making his work a faithful t: of nature."
“Students and novices are fortunate who are able to become the possessm's of sonoble a

work."—The Architect.

ELEMENTARY DECORATION.

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL
HOUSE DECORATION. By James W. Facev. With numerous Illus-
trations. In One Vol,, strongly half-bound . , . . 3 . 5/0

HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING

A Practical Manual of By ELris A. Davipson. Eighth Edition. With

Coloured Plates and Wood Engravings. 12mo, cloth boards . /O

* A mass of information of use to the amateur and of value to the practical man.”—English
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 variety of Information for General Work connected with every Class of
Interior and Exterior Decorations, &c. Seventh Edition. 152 pp., cr.8vo. 1/0
¢ Full of ipts of value to d , gilders, &c. The book contains the gist of

larger treatises on colour and technical processes. It would be difficult to meet with a work so full
of varied information on the painter’s art.”—Bwilding News.,

MARBLE DECORATION

And the Terminolog'y of British and Foreign Marbles. A Handbook for
Students. Vg GEORGE H. BLAGROVE, Author of * Shoring and its Applica-
tion,” &c. ith 28 Illustrations. Crown 8vo, cloth " £ A . /6

““ This most useful and much wanted handbook shéuld be in the hands of every architect and
bulider. l—Buthng Worid,

carefully and usefully written treatise ; the work is essentially practical,”—Scotsmasn.
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DELAMOTTE’'S WORKS ON ALPHABETS AND
ILLUMINATION.

ORNAMENTAL ALPHABETS, ANCIENT & MEDI&EVAL.

From the Eighth Century, with Numerals; including Gothic, Church-Text,
large and small, German, Italian, Arabesque, Initials for Illumination,
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers,
Engravers, Carvers, &c., &c. Collected and Engraved by F. DELAMOTTE, and
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong,

/6

ornamental boards . 3 "
' For those who insert enamelled sentences round g-llded chahces, who blazon shop legends
over shop-doors, who letter church walls with pithy from the D his book will be

useful."—Athenaum.

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque 5
with several Ongmal De51gns and an Analysxs of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers,
&c. Collected and Engraved by F. DELAMOTTE, and printed in Colours.
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6
** There is comprised in it every possible shape into which the letters of the alphabet and
numerals can be formed, and the talent wh\ch has been expended in the conception of the various
plain and 1 letters is wond.

MEDIZEVAL ALPHABETS AND INITIALS FOR
ILLUMINATORS.
By F. G. DELamoTTE. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis BrRooks. Fourth
and Cheaper Edition. Small 4to, ornamental boards . s o !

“A volume in which the letters of the alphabet come forth glonﬁed in gilding and all the
colours of the prism interwoven and intertwined and intermingled.”—S:

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 Illuminated MSS.,
rinted in Gold and Colours. By F. DELAMOTTE. New and Cheaper

dition. Small 4to, ornamental boards . . ? s o . 6/0
** The examples of ancient MSS. recommended to the student, whxch with much good sense,
the author from to all, are selected with judgment and knowledge as

well as taste.”—dA thenzum.

THE EMBROIDERER’S BOOK OF DESIGN.
Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders,
Ecclesiastical Devices, Medizval and  Modern Alphabets, and National
Emblems. Collected by F. DELAMOTTE, and prmted in Colours. Oblong
royal 8vo, ornamental wrapper . J o . 1/8
“The book will be of great assistance to ladies and young clnldren who are endowed with
the art of plying the needle in this most ornamental and useful pretty work.”—ZEast Angiian Times,

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS.

With Hints on Design. By A Lapy. With 1o Plates. New and Cheaper
Edition. Crown 8vo, in emblematic wrapper . . b . . 2/0

* The handicraft of the wood-carver, so well as a book can |mpaxt it, may be learnt from ‘A
Lady's ' publication,”—A thenaum.

PAINTING POPULARLY EXPLAINED.

By TrHomAs JoHN GuLLICK, Painter, and Joun Timss, F.S.A. Including
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tem&era, Encaustic,
Miniature, Pamtmg on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth
Edition. Crown 8vo, cloth Y WL TOY TR o

*«* Adopted as a Pnn Book at South Kmsmgton.

**Much ma be learned, even by those who fancy they do not require to be taught, from the
careful perusal of this unpretending but comprehensive treatise,”—A47¢ Fournal.
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NATURAL SCIENCE, &c.
THE VISIBLE UNIVERSE.

Chapters on the Ongm and Construction of the Heavens. By J. E. Gore,

F.R.A.S., Author of ** Star Groups,” &c. Illustrated by 6 Stellar Photographs

and 12 Plates. Demy 8vo, cloth . e 5 5 - 6/0

“* A valuable and lucid y of recent ast: ical theory d more valuable and
attractwe by a series of stellar p phs and other i i "—The T

“In presenting a clear and concise account of the present state of our knowledge Mr. Gore
has made a valuable addition to the literature of the subject.”—Nature,

“ Mr. Gore’s * Visible Universe’ is one of the finest works on astronomical sclence that have
recentk appeared in our language. In spirit and in method it is scientific from cover to cover, but
the style is so clear and attractive that it will be as acceptable and as readable to those who make
no scientific pretensions as to those who devote th ially to matters ast: &
Leeds Mercury.

STAR GROUPS.

A Student’s Guide to the Constellations. By J. ELLARD Gorg, F.R.A.S.
M.R.LA., &c., Author of ‘“The Visible Universe,” ** The Scenery of the
/0

Heavens,” &c. With 30 Maps. Small 4to, cloth . . % o
* The volume contains thlrry maps showing stars of the sixth magnitude—the usua.l naked-eye
limit- d each is d by a brief d to facilitate recognition and bring

to notice objects of speclal interest. For the Eurpose of a preliminary survey of the ‘ midnight
pomp’ of the heavens nothing could be better than a set of delineations averaging scarcely twenty
square inches in area and including nothing that cannot at once be identified."—Sa#urday Review.

AN ASTRONOMICAL GLOSSARY.

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists
of Remarkable and Interesting Celestial Objects. By J. ELLARD GoORE,
F.R.A.S., Author of * The Visible Universe,” &c. Small crown 8vo, cloth.

/6

“A very useful little work for beginners in astronomy, and not to be despised by more
advanced students.”— 7%e T

ve?l, handy book the utility of which Is much increased by its valuable tables of

THE MICROSCOPE.

Its Construction and Management. Including Tecknique, Photo-micrography,
and the Past and Future of the Microscope. By Dr. HENRI YAN HEURCK,
Re-Edited and Augmented from the Fourth French Edition, and Translated
by Wynne E. BAXTER, F.G.S. 4oc pp., with upwards of 250 Woodcuts,

imp. 8vo, cloth g . 18/0
e s translatxon of a well- known work at once pngular and comprehensive —Ts‘me.r.
“The isas asit Is
ASTRONOMY.

By the late Rev. RoBERT MaIN, M.A., F.R.S. Third Edition, Revised by
WiLLiam THYNNE Lynn, B.A., F.R.A. 8. formerly of the Roya.l Observatory
Greenwich., 12mo, cloth . 5 /0
o 'I‘A sound and simple treatise, very carefully edited, and a capital book for begi.nners.”—
nm“‘ Aggcurately brought down to the requirements of the present time by Mr, Lynn.”’—
Educational Times,

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. P. Woopwarp, A.L.S.,
F.G.S. With an Appendix on RECENT AND Fossi. CONCHOLOGICAL
Discoveries, by Rareu Tate, A.L.S., F.G.S. With 23 Plates and
ulpv»ilards of 300 Woodcuts Reprmt of Fourth Edmon (1880). Crown 8\/10,
cloth . . . . . . . 8
“ A most valuable h of hological and logical i i —Smncz Gossip.

THE TWIN RECORDS OF CREATION.

Or, Geolo% and Genesis, their Perfect Harmony and Wonderful Concord.

LE VAUX. 8vo, cloth . s E . B/0

C) A valuable ributi o the evid of Revelatlon. and dlsposes very conclusively of

the arguments of those who would set God’s Works against God's Word, No real difficulty is
shlrkegu and no sophistry Is left unexposed.”— 7%e Rock.
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HANDBOOK OF MECHANICS.
By Dr. LARDNER. Enlarged and re-written by BEN]AMIN Lonwv, F.R.A.S.

378 Illustrations. Post 8vo, cloth . 5 . c 8/0
* The perspicuity of the original has been retained, and cha ters whlch had become obsolete
have been replaced others of more e exy

studiously popular, and care has been taken to show the a?phcatlon of the vanous branches of
physics to the industrial arts, and to the practical business of life.”—Mining Fournal,

HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
By Dr. LARDNER. New Edition, Revised and Enlarged by BENJaMIN LoEwy.
F.R.A.S. With 236 Illustrations. Post 8vo, cloth E 5 & 5/0

“ For those ‘who desire to attain an accurate knowledge of physical science mthout the
profound methods of mathematical investigation,’ this work is well adapted.”—Chemical News.

HANDBOOK OF HEAT.

By Dr. LARDNER. _Edited and re-written by BENJAMIN Loewy, F.R.A.S., &c.
117 Illustrations. Post 8vo, cloth . 3 6/0

** The style is alwa: S clear and precise, and conveys lnstructlon without leavmg any c]uudmess
or lurking doubts behind.”—Engincering.

HANDBOOK OF OPTICS.
By Dr. LArRDNER, New Edition. Edited by T. OLVER HARDING, B.A. Lond.
With 298 Illustrations. Small 8vo, 448 pp., cloth . . . 5/0

“Written by one of the ablest English scientific writers, b ifull a.nd elab ly illustrated.’
—=Mechanics’ Magazine.

ELECTRICITY, MAGNETISM, AND ACOUSTICS.

By Dr. LARDNER. Edited b?r Geo. Carevy FosTer, B.A., F.C.S. With
400 Illustrations. Small 8vo, cloth 3 F 4 2 85/0

** The book could not have been entrusted to any one better calculated to preserve the terse
and lucid style of Lardner, while correcting his errors and bringing up his work to the present
state of scientific knowledge."—Pgpular Science Review.

HANDBOOK OF ASTRONOMY.

By Dr. LARDNER. Fourth Edition. Revised and Edited by Epwin DUNKIN,
F.R.A.S., Royal Observatory, Greenwnch With 38 Plates and upwards of

100 Woodcuts. 8vo, cloth T o 9/6
* Probably no other book contains the same amount of di and
well arranged a form—certainly none at the price at which thisis uﬂ'ered to the pubhc —-A thenaum.

** We can do no other than pronounce this work a most v manual of a: an
we stmngly recommend it to who wish to acquire a general—but at the same time con'ect—
acquaintance with this sublime science.”’—Quarterly Fournal of Science.

MUSEUM OF SCIENCE AND ART.

Edited by Dr. LARDNER. With upwards of 1,200 Engravings on Wood. In
Six Double Vo]umes, £1 1s.in a new and elegant cloth bxndmg s or hand.

somely bound in half-morocco o " 5 . £1 11s. 6o.
**A cheap and interesting publlcatlon, alike mformmg and attractwe ‘The papers combine
subjects of i importance and great 5 inductive powers, and a pepular

style of treatment.”—Spectator.
Separate books formed from the above.
Common Things Explained. ss. Steam and its Uses. 2s. cloth.

The Microscope. 2s. cloth. Popular Astronomy. 4s. 6d. cloth.
Popular Geology. 2s. 6d. cloth. The Bee and White Ants. 2s. cloth.
Popular Physics. 2s. 64. cloth. The Electric Telegraph. 1s. 6d.
NATURAL PHILOSOPHY FOR SCHOOLS.
By Dr. LARDNER. Fecap. 8vo . 3 T E . 3/86

) “ A very convenient class book for junior students in pnvate schoo "—British Quarterly
eview.

ANIMAL PHYSIOLOGY FOR SCHOOLS.

By Dr. LARDNER. Fcap.8vo . . . . . . . . . 8/6
** Clearly written, well d, and llently ill d."—~Gardener's Chronicle,

THE ELECTRIC TELEGRAPH.

By Dr. LARDNER. Revised by E. B. BriguT, F.R.A.S. Fcap.8vo. . 2/6
 One of the most readable books extant on the Electric Tel h"—English Mechani

L. [
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CHEMICAL MANUFACTURES,
CHEMISTRY, &c.

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. By
H. O'CoNNOR, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo,
fully Illustrated, leather. [Just Publisked. 10/6

** The book contains 2 vast amount of information. The author goes consecutively through
the engineering details and practical methods involved in each of the different processes or parts
of a gas-works. He has certainly succeeded in making a compilation of hard matters of fact
absolutely interesting to read.”—Gas Worid.

“ A useful work of reference for the gas i and all i d in lighting or heating by
gas, while the analyses of the various descriptions of gas will be of value to the technical chemist.
All matter in any way d with the f: and use of %as is dealt with. The book has

idently been 11 led, and 1 il a use
Busilder., p v

** The volume contains a great quantity of sp ion, p we believe, from
trustworthy sources, which should make it of considerable value to those for whom it is specifically
produced.”—Engineer.

LIGHTING BY ACETYLENE

Generators, Burners, and Electric Furnaces. By WiLLiam E. Gisss, M.E.
With 66 Illustrations. Crown 8vo, cloth. [Just Published. T/6

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 Engineering Work, with
Analyses, Examples and Suggestions. By H. J. PuiLries, F.I.C, F.C.S.
Second Edition, Xnlarged. Crown 8vo, 400 pp., with Illustrations, cloth 10/6

*In this work the author has rendered no small service to a numerous body of practical

men. . . . The analytical thods may be pronoun r"mos_t 1V y, being as as th
i cws.

ul addition to gas literature,”—

talicad infy . “Ned

) d of 5
"+ Full of good things. As a handbook of lysis, it is ve 1 ¥ Builder.
“The analytical methods given are, as a whole, such as are like?; to give rapid and trust.
worthy results in experienced hands, . . . There is much excellent descriptive matter in the work,
the chapter on * Oils and Lubrication being speciall ble in this respect.”—Engineer.

NITRO-EXPLOSIVES.
A Practical Treatise concerning the Properties, Manufacture, and Analysis
of Nitrated Substances, including the Fulminates, Smokeless Powders, and
Celluloid. By P.G.Sanrorp, F.I1.C., Consulting Chemist to the Cotton Powder
Company, &c. With Illustrations. Crown 8vo, cloth. [Just Published. 9/0
* Any one having the requisite app and ials could make nitro-glycerine or gun-
cotton, to say nothing of other explosives, by the aid of the instructions in this volume. This is
one of the very few text-books in which can be found just what is wanted. Mr, Sanford goes
through the whole list of explosives commonly used, names any given explosive, and tells us of what
it is composed and how it is manufactured. The book is llent throughout,”— Exgy

A HANDBOOK ON MODERN EXPLOSIVES. .

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton,
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton.
With Chapters on Explosives in Practical Application. By M. EIssLER,
Mining Engineer and Metallurgical Chemist. Second Edition, Enlarged.
With 150 Illustrations. Crown 8vo, cloth. [Just Published. 12/6
* Useful not only to the miner, but also to officers of both services to whom blasting and the

use of explosives generally may at any time become a necessary auxiliary.”—Nature.

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

and Manufacturers, and Users of Explosives and Dangerous Goods. By

H. Josuua Pumrirs, F.I.C., F.C.S. Crown 8vo, 374 pp., cloth . . 9/0
* Merits a wide circulation, and an intelligent, appreciative study.”—Chemécal News.

g g
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A MANUAL OF THE ALKALI TRADE.

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By Joun Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and
London, 390 pp. of Text. With 232 Illustrations and Working Drawings,
Second Edition, with Additions. Super-royal 8vo, cloth . . £1 10s.
** This book is written by a for facturers, The workin¥ details of the most
pp d forms of ap are given, and these are accompanied by no less than 232 wood
engravings, all of which may be used for the purposes of construction. Every step in the manu-
facture is vezlfully described in this manual, and each imp plained.”— 4%
*We find not merely a sound and lumi 1 ion of the chemical principles of the
trade, but a notice of numerous matters which have a most important bearing on the successful
conduct of alkali works, but which are generally overlooked by even experienced technological
authors,”—Chemical Review,

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND
GEOLOGY.
Containing all known Methods of Anhydrous Analysis, many Working
Examples, and Instructions for Making Apparatus. By Lieut.-Colonel W. A,
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Enlarged.
Crown 8vo, cloth ¥ 5 s s /0

‘* The student who goes conscientiously through the course of experimentation here laid down
will gain a better Insight into i i y and mine¥alogy than if he had *got up any of the
best text-books of the day, and passed any ber of inati in their "—Ci fcal
News

THE MANUAL OF COLOURS AND DYE-WARES.

Their Properties, Applications, Valuations, Impurities and Sophistications.
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. SLATER.
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/8

** A complete encyclopadia of the mazria tinctoria. The information given respecting each
article is full and precise, and the methods of determining the va_llue of articles such as these, so

Yable to sophistication, are given with cl and are as well as v —Chemist
and Druggist,

*“There is no other work which covers precisely the same ground. To students preparing
for examinations in dyeing and printing it will prove dingly useful.”—Chemical News.

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Practice of Brewing.
By HerBERT EDWARDS WRIGHT, M.A. Second Edition, Enlarged. Crown
8vo, 530 pp., cloth. [Just Published. 12/6
“ May be consulted with advantage by the student who is preparing himself for inational
tests, while the scientific brewer will find in it a ésume of all the most important discoveries of
modern times. The work is written throughout in a clear and concise manner, and the author
?'k&s grleat care to discriminate between vague theories and well-established facts.”—Brewers’
OUY Ly
“ We have great pleasure in recommending this handy book, and have no hesitation in saying
that it is one of the best—if not the best—which has yet been written on the subject of beer-brewing
in this country; it should have a place on the shelves of every brewer's library.”—Brewers’
Guardian.,
“ Although the requirements of the student are primaril idered, an i of half-
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a
trustworthy guide and practical counsellor in brewery matters,”"—Chemical Trade Fournal,

FUELS: SOLID, LIQUID, AND GASEOUS.

Their Analysis and Valuation. For the Use of Chemists and Engineers. By
H. J. PuiLuirs, F.C.S., formerly Analytical and Consulting Chemist to_the
G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0

% ““ Qught to have its place in the lab y of every i and
fuel is used on a large scale,”—Chemical News.

=y
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THE ARTISTS’ MANUAL OF PIGMENTS.

Showing their Composition, Conditions of Permanency, Non-Permanency, and
Adulterations; Effects in Combination with Each Other and with Vehicles §
and the most Reliable Tests of Purity, By H. C. STaANDAGE. Crown 8vo. 2/6
* This work is indeed multum-in-parvo, and we can, with good conscience, recommend it to
all who come in contact with pigments, whether as makers, dealers, or users,”—Chemical Review,

A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers,
Spirit Merchants, &c. By J. B. ManT, Inland Revenue. Second Edition,
Revised. 18mo, leather . - s 4 5 s 4 o G 5 /O
** This handy and useful book is adapted to the requirements of the Inland Revenue Depart-
ment, and will be a favourite book of reference.”—CiviZian.
*Should be in the hands of every practical brewer.”"—Brewers’ Fournal.

INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By
A. J. WaLL1s-TAVLER, A. M. Inst. C.E. Medium 8vo, 468 pp. With 218
Illustrations. [Just Published. Net 25/0

SUMMARY OF CONTENTS :—MECHANICAL CULTIVATION OR TILLAGE OF THE
SOIL.—PLUCKING OR_GATHERING THE LEAF.—TEA FACTORIES.—THE DRESSING,
MANUFACTURE, OR PREPARATION OF TEA BY MECHANICAL MEANS.—ARTIFICIAL
WITHERING OF THE LEAF.— MACHINES FOR ROLLING OR CURLING THE LEAF.—
FERMENTING PROCESS.—MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE
LEAF.—MACHINES FOR NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING
OR FIRING MACHINES.—BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING
THE TEA.—MEANS OF TRANSPORT ON TEA PLANTATIONS.—MISCELLANEOUS MACHINERY
AND APPARATUS.—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

“The subject of tea machinery is now one of the first interest to a large class of people, to
whom we strongly commend the volume.”—Chamber of Commerce Fournal,

“When tea planting was first introduced into the British p ions little, if any, hinery
was employed, but now its use is almost universal. This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery.”—Fournal Society of Arts.

FLOUR MANUFACTURE.

A Treatise on Milling Science and Practice. By FriepricH Kick, Imperial
Regierungsrath, Professor of Mechanical Technology in the Imperial German
Poigytechnic Institute, Prague. Translated from the Second Enlarged and
Revised Edition with Supplement. By H. H. P. PowLES, Assoc, Memb,
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding

Plates, and 167 Woodcuts. Royal 8vo, cloth . 5 o o o Bs.
¢ This valnable work is, and will remain, the standard authority on the science of milling. . . .
‘The miller who has read and digested this work will have laid the foundation, so to s ,of a

successful career ; he will have acquired a number of general principles which he can proceed to
apply. _In this handsome volume we at last have the accepted text-book of modem milling in good,
sound English, which has little, if any, trace of the German Idiom."—7%e Msller.

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of
Dyeing, &c. For the Use of Operatives Overlookers, and Manufacturers.
By Joun LisTER, Technical Instructor, Pendleton. 8vo,cloth . . 7/6
# A distinct advance in the literature of cotton manufacture.”—Machinery.

It is thoroughly reliable, fulfilling nearly all the i ired."—Glasgow Herald.

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. J Warvis-
TAYLER, A. M. Inst. C. E. Author of RefriEerating Machinery,” &c. With
\'}}l)lwards of 300 Illustrations. Crown 8vo, cloth. ust Published. 10/6
*The e trade that is done in the component parts of bicycles has placed in the way of

men mechanically inclined extraordinary facilities for building bicycles for their own use. . . . The
boek will prove a valuable guide for all those who aspire to the manufacture or repair of their own
machines.”— The Field,

* A most comprehensive and up-to-date treatise."—Z%ke Cycle.

A very useful book, which is quite entitled to rank as a standard work for students of cycle
construction,”— W heeling.
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CEMENTS, PASTES, GLUES, AND GUMS.

A Practical Guide to the Manufacture and Application of the various Aggluti-
nants required in the Building, Metal-Working, Wood-Working, and Leather-
Working Trades, and for Workshop, Laboratory or Office Use. With upwards
of goo Recipes and Formulz. By H. C. STANDAGE, Chemist. Third Edition.
Crown 8vo, cloth. [Just Published. 2/0

‘*We have p in kil of this volume. So far as we have had
experience, which 1s not inconsicferable, this ma.nuaf is trustworthy.”— A tkenzum.

‘“As a revelation of what are considered trade secrets, this book will arouse an amount of
curiosity among the large ber of industries it hes.”"—Daily Chronicle.

THE ART OF SOAP-MAKING.

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of
Glycerine from Waste Leys. EJZ ALx, WarT, Sixth Edition, including an
Appendix on Modern Candlemaking. Crown 8vo, cloth.

[ Just Published. ‘7|6

“The work will prove very useful, not merely to the technological student, but to the
practical soap boiler who wishes to understand the theor{ of his art.”—Chemical News.

““ A thoroughly practical treatise on an art which has almost no literature in our language,
We congratulate the author on the success of his endeavour to fill a void in English technical
literature,”—Nature.

PRACTICAL PAPER-MAKING.

A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With
Tables, Calculations, &c. By G. CLAPPERTON, Paper-Maker. With Illus-
trations of Fibres from Micro-Photographs., Crown 8vo, cloth . . 8/0
“ The author caters for the requirements of responsible mill hands, apprentices, &c., whilst
his manual will be found of great service to students of technology, as well as to veteran ;}gper-
makers and mill owners. The illustrations form an excellent feature.”—Tke Worid's Paper Trade
Review.
¢ We recommend everybody Interested in the trade to get a copy of this thoroughly practical
book.”—Paper Making.

THE ART OF PAPER-MAKING.

A Practical Handbook of the Manufacture of Paper from Rags, Esparto,
Straw, and other Fibrous Materials. Including the §’Ieanufacture of Pulp from
Wood Fibre, with a Description of the Machinery and Appliances used. To
which are added Details of Processes for Recovering Soda from Waste Liquors.
By ALEXANDER WATT, Author of ““ The Art of Soap-Making.” With Illus-
trations. Crown 8vo, cloth . 3 % . 5 g ¢ . . 78
‘“It may be regarded as the standard work on the subject, The book is full of valuable

information. The °Art of Paper-Making' is in every respect a model of a text-bock, either for a
technical class, or for the private student.”—2Paper and Printing Trades Fournal.

A TREATISE ON PAPER.

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete
Tables of Sizes, and Specimens of Different Kinds of Paper. By RicHARD
PARKINSON, late of the Manchester Technical School. Demy 8vo, cloth.

[ Just Publisked. 3|6

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 Boiling, Gut
Dressing, &c. By ALEXANDER WATT, Author of ‘ Soap-Making,"” &c
Fourth Edition. Crown 8vo, cloth . SR 3 3 3 6 . 9/0
‘“ A sound, comprehensive treatise on tanning and its accessories. The book Is an eminently
ble producti i d ds to the credit of both author and publishers.”"—Chkemical

Review.

THE ART OF BOOT AND SHOE MAKING.

A Practical Handbook, including Measurement, Last-Fitting, Cutting-Out,
Closing and Making, with a Description of the most approved Machinery
Employed. By JonN B. LENo, late Editor of St. Crispin, and The Boot and
Shoe-Maker. izmo,cloth. . . . . . . . . . 20
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WOOD ENGRAVING.
A Practical and Easy Introduction to the Study of the Art. By W. N, Brown.
J2i0nclothr @i SeaW, e ot 1/6

** The book Is clear and complete, and will be useful to an; one. wanting to understand
first elements of the beautiful art o? wood engraving."--Graphic. 4 Lasqiged AR

MODERN HOROLOGY, IN THEORY AND PRACTICE.

Translated from the French of CLAUDIUS SAUNIER, ex-Director of the School

of Horology at Macon, by JuLien TrirrLiN, F,R.A.S., Besancon Watch

Manufacturer, and EpwarD R16G, M.A., Assayer in the Royal Mint. With

Se\fe‘nty-elght Woodcuts and Twenty-two Coloured Copper Plates. Second

Edition. Super-royal 8vo, cloth, £2 2s, ; half-calf . 7 . £2 10s.

“ There is no horological work in the English language at all to be compared to this produc-

tlon of M. Saunier’s for clearness and completeness. 1t is alike good as a guide for the student and
a e for the experi d horol and skilled workman.”—Horological Fournal.

““The latest, the most com}:lete, and the most reliable of those literary productions to which

onti 1 k are indebted for th hanical superiority over their English brethren

~in fact, the Book of Books, is M. Saunier’s * Treatise,’"— Waichmaker, Fewelier,and Silversmith.

THE WATCH ADJUSTER’S MANUAL.

A Practical Guide for the Watch and Chronometer Adjuster in Making,
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures.
By C. E. FriTTS. 370 pp., with Illustrations, 8vo, cloth . g . 16/0

THE WATCHMAKER’S HANDBOOK.

Intended as a Workshop Companion for those engaged in Watchmaking and
the Allied Mechanical Arts. Translated from the French of CLaubius
SAUNIER, and enlarged by JuLien TrippriN, F.R.A.S., and EDwWARD
RiGG, M.A., Assayer in the Royal Mint. Third Edition. 8vo, cloth. 9/0O
* Each part is truly a treatise in itself. The arrangement is good and the language is clear

and concise. Itisan arf‘rrnirable guide for the young watchmaker.”"—ZEngincering.
*‘It is impossible to speak too highly of its excellence. It ful every requirement in a
léalmc‘lbbool; intended for the use of a workman. Should be found in every workshop.”"—Waich and

OCRMAREY.

A HISTORY OF WATCHES & OTHER TIMEKEEPERS.

By James F. Kenpvar, M.B.H. Inst. Boards, 1/6; orcloth, gilt . 2/6
¢ The best which has yet appeared on this subject in the English language.”—Industrics.
*Open the book where you may, there is_interesting matter in it concerning the ingenious

devices of the ancient or modern horologer,”—Saturday Review.

ELECTRO-DEPOSITION.

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nigckel, and
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto
and Dynamo-Electric Machines, Thermopiles, and of the Materials and
Processes used in every Department of the Art, and several Chapters on
ELECTRO-METALLURGY. By ALExANDER WaTT, Author of ‘¢ Electro-
Metallurgy,” &c. Third Edition, Revised. Crown 8vo, cloth

."lj:minefntly a Ponk for the practical worker in ‘glectro-dePosition. It contains practical

as

d of and used in the workshop.”—
Engineer.
ELECTRO-METALLURGY.
Practically Treated. By ALEXANDER WATT. Tenth Edition, including the
most recent Processes. 12mo, cloth v A 3/6

‘ From this book both amateur and artisan may learn everything necessary for the successful
prosecution of electroplating,”—J/ros.

JEWELLER’S ASSISTANT IN WORKING IN GOLD.
A Practical Treatise for Masters and Workmen, Compiled from the Experience
of Thirty Years’ Workshop Practice. By GEORGE E. GEE, Author of ‘‘ The
Goldsmith's Handbook,” &c. Crown 8vo,cloth . . . . . 7/6

. *This manual of technical ed ion is ly destined to be a valuable auxillary to a
d which Is inly ble of great Impi '=The Times.
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ELECTROPLATING.
A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold,
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquuart, C.E. Fourth
Edition, Revised. Crown 8vo, cloth. Uust Published. B/Q

*« An excellent practical manual.”—Engrneering.
* An excellent work, giving the newest information.”—Horological Fournal,

ELECTROTYPING.
The Reproduction and Multiplication of Printing Surfaces and Works of Art
by the Electro-Deposition of Metals. By J. W.UrquuarT, C.E. Crown 8vo,
AlgRS VT ARG Y S i . . B/lO
“ The book is thoroughly practical ; the reader is, theref d d the leading

laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing
processes, up to the final preparation of the work.”—A7»¢ Fournal,

GOLDSMITH’S HANDBOOK.
By GeorGk E. GEE, Jeweller, &c. Fifth Edition. 12mo,cloth . . 3/0
“A good, sound ed and will be 11 pted as an authority."—Horological
Fournal.

SILVERSMITH’S HANDBOOK.

By GeorGE E. GeE, Jeweller, &c. Third Edition, with numerous Illustra.

tions. 12mo, cloth = = 3 g B G 5 g # o . 80

*“The chief 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.”—English Mechanic,

*.* The above two works together, strongly half-bound, price 7s.
SHEET METAL WORKER’S INSTRUCTOR.

Comprising a Selection of Geometrical Problems and Practical Rules for
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and
Tin-Plate Workers. By REuBex HENRY WARN. New Edition, Revised and
greatly Enlarged by JosEpH G. HorNER, AM.I.M.E. Crown 8vo, 254 pp.,

with 430 Ilustrations, cloth. [Just Published. 7/6
BREAD & BISCUIT BAKER’S & SUGAR-BOILER’S
ASSISTANT,

Including a large variety of Modern Recipes. With Remarks on the Art of
Bread-making. By RoBeErRT WELLs. Third Edition. Crown 8vo, cloth . 2/0
*“ A large number of wrinkles for the ordinary cook, as well as the baker.”—Saturday Review.

PASTRYCOOK & CONFECTIONER’S GUIDE.
For Hotels, Restaurants, and the Trade in general, adapted also for Family
I{sel:l By R. WELLs, Author of * The Bread and Biscuit Baker.” Crown;vo,
clot! . . 0 . h o . 7 s B o]

‘¢ We cannot speak too highly of this really excellent work, Inthese days of keen competition
our readers cannot do better than purchase this book.”—Bakers' Times,

ORNAMENTAL CONFECTIONERY.

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of
Modern Recipes, and Remarks on Decorative and Coloured Work. With 129
Original Designs. By RoBErT WELLS. Second Edition. Crown8vo . §/0

‘“A valuable work, practical, and should be in the hands of every baker and confectioner.
The illustrative designs are alone worth treble the amount charged for the whole work.”—Bakers’
imes.

THE MODERN FLOUR CONFECTIONER, WHOLESALE
AND RETAIL.
Containing a large Collection of Recipes or Cheap Cakes, Biscuits, &c. With
remarks on the Ingredients Used in their Manufacture. By RoBerT WELLS,
Author of * The Bread and Biscuit Baker,” &c. Crown 8vo, cloth . 2/0

* The work is of a decidedly practical character, and in every recipe regard is had to economical
working."—North British Daily Mail,

RUBBER HAND STAMPS

And the Manipulation of Rubber, A Practical Treatise on the Manufacture of
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektogra&h,
Special Inks, Cements, and Allied Subjects. By T. O’CoNor SLoOANE, A.M.,
Ph.D. With numerous Illustrations. Square 8vo, cloth e e
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HANDYBOOKS FOR HANDICRAFTS.

BY PAUL N, HASLUCK.
Editor of * Work " (New Series), Author of ‘‘ Lathe Work,” ‘‘ Milling Machines,” &c.
Crown 8vo, 144 pp., price 1s. each.

"TU These HANDYBOOKS have been written to supply information for WORKMEN
STUDENTS, and AMATEURS in the several Handicrafts, on the actual PRACTICE of
the WORKSHOP, and are intended to convey in plain language TECHNICAL KNow-
LEDGE of the several CRAFTS. In describing the proczsses employed,and the manipu-
lation of material, workshop terms arve used ; workshop practice is fully explained ;
and the text is /nzly illustrated with dmwmgs of modern tools, appliances, and
processes.

THE METAL TURNER’S HANDYBOOK.

A Practical Manual for Workers at the Foot-Lathe. With over 100 Illus-

trations. .. 1/0

‘The book w111 be of servlce a.llke to the a.mateur and the amsan tumer It displays
thorough knowledge of the subject.”—Scotsmman.

THE WOOD TURNER’'S HANDYBOOK.

A Practical Manual for Workers at the Lathe. With over 100 Illustrations.

-* We recommend the book to young turners and amateurs. A multitude of workmen have
hitherto sought in vain for a manual of this special industry.”—Mechanical Werid, -

THE WATCH JOBBER’S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
100 Illustrations
** We strongly advise all young persons connected wnth the watch trade to acquire and study
this inexpensive work.”—Clerkenwell Chronicle.

THE PATTERN MAKER'S HANDYBOOK.

A Practical Manual on the Construction of Patterns for Founders. With
upwards of 100 Illustrations 3
* A most valuable, if not indispensable ma.nual for the pattem maker —-I(nmledgc

THE MECHANICS WORKSHOP HANDYBOOK.

A Practical Manual on Mechanical Manipulation, embracing Information

on various Handicraft Processes. With Useful Notes and Miscellaneous

Memoranda. Comprising about 200 Subjects . 1/0

**A very clever and useful book, which should be found in every workehop, and it should
certainly find a place in all technical schools,”—~Saturday Review.

THE MODEL ENGINEER'S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engines. With
l;fwa.rds of 100 Illustrations. 5 a 1/0
& Hasluck has produced a very good httle book”—Bmlder.

THE CLOCK JOBBER’S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
100 Illustrations .
‘¢ It is of inestimable service to those commencmg the trade ”—Cavmtry Slandard

THE CABINET MAKER’S HANDYBOOK.

A Practical Manual on the Tools, Materials, l;l)plla.nces, and Processes
employed in Cabinet Work. With upwards of 1oo Illustrations . 3 [0}

“*Mr. Hasluck’s thorcugh-going little Handybook is a.mongst the most practical guides we
have seen for beginners in cabinet-work.”—Saturday Review.

THE WOODWORKER’S HANDYBOOK OF MANUAL
INSTRUCTION. ;
Embracing Information on the Tools, Materials, Appliances and Processes
Employed in Woodworking. With ro4 Illustrations. ¥ 5 . . 1/0
OPINIONS OF THE PRESS.
“ Written by a man who knows, not only how work ought to be done, but how to do it, and
how to convey his knowledge to others. —Eng‘mezrxn\g
‘* Mr, Hasluck writes admirably, and gives
¢ Mr, Hasluck combines the experience of a practlcal teacher with the mampulatlve skill and
scientific knowledge of processes of the trained and the Is are marvels of what
can be produced at a mu]ar tpnt:e "—Schoolmaster.
*Helpful to workmen of all ages and degrees of experience. —Dazl_y Chr(mulc
** Practical, sensible, and rema!kably cheap.”— Fournal of Educatio;
' Concilse, clear, and practical.”—Saturday Review.
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COMMERCE, COUNTING-HOUSE WORK,
TABLES, &c.

LESSONS IN COMMERCE.

By Professor R. GAMBARO, of the Royal High Commercial School at Genoa.

Edited and Revised by JAMES GauvLT, Professor of Commerce and Commercial

Law in King’s College, London. Fourth Edition. Crown 8vo, cloth . 3/6

o8 The pubhshers of this work have rendered considerable service to the cause of commercial

of this volume. . . . The work is peculiarly acceptable to

English reagers and an admirable addition to existing class books. In a phrase, we think the work

attains its object in furnishing a brief account of those laws and customs of British trade with which
the commercial man interested therein should be familiar.”—Chaméber of Commerce Fournal.

** An invaluable guide in the hands of those who are preparing for a commercial career, and

in fact, the information it contains on matters of business should be impressed on every one.”—

Counting Heuse.

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Commercial Correspondence in Five Languages—English,
Frerch, German, Italian, and Spanish, By ConNrap E. Baker. Third
Edition, Ca.reful]y Revised Throughout. Crown 8vo, cloth.
[ Just Published. 4|6
“ Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do
better than study this work, the Is of which are an They
consist not of entlre specimen letters, but—what are far more useful—short passages, sentences, or
phrases expressing the same general idea in various forms,”—Atkeneum.
** A careful examination has convinced us that it is 11 well d and
celiable. The book is a thoroughly good one.”—Schoolmnaster.

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE.
A Handbook for Accountants and Manufacturers, with Appendices on the
Nomenclature of Machine Details; the Income *rax Acts; the Rating of
Factories; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c.,
including alsoa Glossary of Terms and a large number of Specimen Rulings.
By EMILE GARCKE and J. M. FeLLs. Fourth Edition, Revised and Enlarged.
Demy 8vo, 250 PP stronglybound . . . . . . /

‘A very i jon of the i of Factory A incipl

. The
of assu'mlatmg the Factory Accounts to the general commercial books is one which we thoroug‘ﬁly
agree w1th’ Aa:ountam.r ?nurmzk

d by extreme t ‘There are few owners of factories who would not
derive great benefit from the perusal of this most admirable work.”"-=Local Government Chronicle.

MODERN METROLOGY.

A Manual of the Metrical Umts and Systems of the present Century. With
an Appendix contammg a g]sed Enghsh System. By Lowis D. A,
Jackson, A. M. Inst. C. E., or of ‘‘ Aid to Survey Practice,” &c. Large
crown 8vo, cloth . . i . 12/6

"We recommend the work to all lnterested ln the pracﬁcal reform of our weights and
measures.”"—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. DOwWLING,
C.E. 8vo, strongly bound . : 3 : 3 & S o

** Mr. Dowling’s Tables are well put together as a ready k for the of one
system into the other.”—d thenawm.

THE IRON AND METAL TRADES’ COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by
Weight, from 1s. per cwt. to 112s. per cwt., and from one farthing per pound to
one shilling per pound. By THomAs DowNIE. 396 pp., leather . . 9
‘* A most useful set of tables, nothing like them before existed.”—Bu:lding New.
. Although specially adapted to the iron and metal trades, the tables will be found useful in
every other b ss in whichk dise is bought and sold by welght.”—Ratlway News.
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR.

Containing upwards of 250,000 Separate Calculations, showing at a Glance the
Value at 422 Different Rates, ranging from y}xth of a Penny to 20s. each, or per

cwt., and £20 per ton, of any number of articles consecutively, from 1 to 470.

Any number of cwts., qrs., and lbs., from 1 cwt. to 470 cwts. Any number of

tons, cwts., qrs., and lbs., from 1 to 1,000 tons, By WiLLiam Cuapwick,
Public Accountant. Third Edition, Revised. 8vo, strongly bound . 18/0

“It is as easy of reference for any answer or any number of answers as a dictionary. For
making up accounts or estimates the book must prove invaluable to all who have any considerable
quantity of calculations involving price and in any bination to do.”—Eng3;
““The most perfect work of the kind yet prepared.”—Glasgow Herald.

THE WEIGHT CALCULATOR.

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at
- one Reference the exact Value of any Weight from 1 Ib. to 15 tons, at 300
Progressive Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct
Answers, which, with their Combinations, consisting of a single addition
(mostly to be performed at sight), will afford an aggregate of 10,266,000
Answers ; the whole being calculated and designed to ensure correctness and
promote despatch, By Henrv HARBEN, Accountant. Fifth Edition, carefully
Corrected. Royal 8vo, strongly half-bound . % A o . £1 Bs.
“ A practical and useful work of reference for men of busi lly."—Z 1ger.
*Of priceless value to business men. It is a necessary book in all mercantile offices.”—
Shefficld Independent.

THE DISCOUNT GUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,

Ironmongers, and Others, by which may be ascertained the Exact Profit arising

from ang mode of using Discounts, either in the Purchase or Sale of Goods, and

the method of either Altering a Rate of Discount, or Advancing a Price, so as

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 1} to 98% per cent.,

and Tables of Commission, &c., from % to 1o per cent. By HeNryY ?fARBEN,

Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 Bs.

“ A book such as this can only be appreciated by business men, to whom the saving of time

means saving of money. The work must prove of great value to merchants, manufacturers, and
general traders.”—Britisk Trade Fournal.

TABLES OF WAGES.

At 54, 52, 50 and 48 Hours per Week. Showing the Amounts of Wages from
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 4s. to 35s. per week. By THos. GARBUTT,
Accountant. Square crown 8vo, half-bound . : 3 3 3 6

IRON-PLATE WEIGHT TABLES.

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by % in. to 10 feet by 5 feet by 1 in. Worked out on the Basis of
40 lbs. to the square foot of Iron of 1 inch in thickness. By H. BURLINsoN
and W. H. SiMPSON. 4to, half-bound . k. . » . . £1 Bs.

MATHEMATICAL TABLES (ACTUARIAL).
ComFrising Commutation and Conversion Tables, Logarithms, Cologarithms,
Antilogarithms and Reciprocals. By J. W, Gorpbon. Royal 8vo, mounted
on canvas, in cloth case. [ Just Published. &/0
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AGRICULTURE, FARMING,
GARDENING, &c.

THE COMPLETE GRAZIER AND FARMER’'S AND
CATTLE BREEDER’S ASSISTANT.

A Compendium of Husbandry. Originally Written by WiLLiam Youarr.
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought

up to Present Requirements, by WiLLiam Fream,

LL.D., Assistant Com-

missioner, Royal Commission on Agriculture, 1893, Author of ‘ The Elements

of Agriculture,” &c. Royal
handsomely bound.

8vo, 1,100 pp., with over 4so Illustrations,

[ Just Published. £1 11s. 6p.

SUMMARY OF CONTENTS.

BOOK I. ON THE VARIRTIES, BREEDING,
REARING, FATTENING AND MANAGE-
MENT OF CATTLE.

BOOK II. ON THE ECONOMY AND MAN-
AGEMENT OF THE DAIRY.

BoOK III. ON THE BREEDING, REARING,
AND MANAGEMENT OF HORSES.

BOOK 1V. ON THE BREEDING, REARING,
AND FATTENING OF SHEEP.

BOOK V. ON THE BREEDING, REARING,
AND FATTENING OF SWINE.

BOOK V1. ON THE DISEASES OF LIVE
STOCK.

BOOK VII. ON THE BREEDING, REARING,
AND MANAGEMENT OF POULTRY.

BOOK VIII. ON FARM OFFICES AND
IMPLEMENTS OF HUSBANDRY.

BOOK IX. ON THE CULTURE AND MAN-
AGEMENT OF GRASS LANDS.

BOoOK X. ON THE CULTIVATION AND
APPLICATION OF GRASSES, PULSE AND

ROOTS.
BOOK XI. ON MANURES AND THEIR
APPLICATION TO GRASS LAND AND

CROPS.
BOOK XII. MONTHLY CALENDARS OF
FARMWORK.

*,* OrINIONS OF THE PRESs oN THE NEw EbITION.

* Dr. Fream is to be lated on the

he has made to give us a work

which will at once become the standard classic of the farm practice of the country. We believe
that it will be found that it has no compeer among the many works at present in existence. . . .
The illustrations are admirable, while the frontispiece, which represents the well-known bull,
New Year's Gift, owned by the Queen, is a work of art.”—Tke Tinzes.

**The book must be recognised as occupying the proud position of the most exhaustive work
of reference in the English language on the subject with which it deals.”—Azkenzumn.

**The most comprehensive guide to modern farm practice that exists in the English language
to-day. . . . The gook is one that ought to be on every farm and in the library of every land

owner."—Mark Lare Express.

““In point of exhaustiveness and accurac:

Y, cl:he wgrk‘ will certainly hold a pre-eminent and

unlque position among books dealing with

It is, in fact, an agricul-

tural library of itself."—North British Agriculturist.

‘A compendium of authoritative and well-ordered knowledge on every conceivable branch of
the work of the live stock farmer; probably without an equal in this or any other country.”—

Yorkshire Post.

FARM LIVE STOCK OF GREAT BRITAIN.

By RoBerT WaLrrLacg, F.L.S., F.R.S.E., &c., Professor of Agriculture and
Rural Economy in the University of Edinburgh. Third Edition, thoroughly

Revised and considerably Enlarged.

With over 120 Phototypes of Prize
12/6

Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. 5 1

“ A really complete work on the history, breeds, and management of the farm stock of Great
Britain, and one which is likely to find its way to the shelves of every country gentleman’s library.”

mes.

1
*‘The latest edition of * Farm Live Stock of Great Britain’ is a production to be proud of, and

its issue not the least of the services which its author has rendered to agricultural science.”—

Scottish Farmer.

*“The book is very attractive, . . . and
farmer who would not like to have a copy of this bea

of a

we can 1 ine the
utiful and useful work.”"—Mark Lane Express.

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,

By PriMrosE McConNELL, B.Sc., Fellow of the Highland and Agricultural

Society, Author of ‘“ Elements of Farming.” Sixth Edition, Re-written, Revised,

and greatly Enlarged.
SUMMARY OF CONTENTS :

Fcap. 8vo, 480 pp., leather.
SURVEYING AND LEVELLING,— WEIGHTS AND

[ Just Published. 6/0

MEASURES. — MACHINERY AND BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING. =
EMBANKING.—~ GEOLOGICAL MEMORANDA.— SOILS.— MANURES.— CROPPING.— CROPS.—
ROTATIONS, — WEEDS,— FEEDING, — DAIRYING.— LIVE STOCK,— HORSES, — CATTLE. =
SHEEP.—P1GS.—POULTRY,—FORESTRY.—HORTICULTURE.—MISCELLANEOUS,

“No farmer, and certainly no agricultural student, ought to be without this multum-in-parce
manual of all subjects connected with the farm."—Nortk British Agriculturist.

¥ Thgs little pgckebhook contains a large amount of useful information upon all kinds of agri-

of the kind has long been wanted.”—Mar& 1

*The amount of information it contains Is most surprising ; the arrangement of the matters is

dical—although d to belntemsble to everyone who takes a glance through
ome,

Lane Express.

so gh so p
its pages, They teem with information.”—Far» and
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical
Instruction Classes, Students in Agricultural Colleges and the Working Dairy-
Farmer, Prof. J. P. SHELDON. With Illustrations. Second Edition,
Revised, Crown 8vo, cloth. { Just Published. 2|6
* Confidently recommended as a useful text-book on dairy farming."—Agricultural Gasette.
* Probably the best half-crown manual on dairy work that has yet been produced.”--Norzh
British Agriculturist,
“Itis the soundest little work we Kave yet seen on the subject,”—=T%e Times,

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 Separation from
Milk. By JoHN OLIVER, late Principal of the Western Dairy Institute,
Berkeley. With Coloured Plates and 200 Illustrations. Crown 8vo, cloth.

“ An ext e L1y 1 P 1t may be cordiall ded to all stud
and practmoners of dairy science.” "—North British Agmcultumt
**We recommend this very and written book to dairy-farmers and
%udents of dairying. It is a distinct acquisition to the library of the agriculturist, —Agricultural
azette.

SYSTEMATIC SMALL FARMING.
Or, The Lessons of My Farm. Being an Introduction to Modern Farm
Practice for Small Farmers. By R. ScoTrT BurN, Author of ‘‘Outlines of
Modern Farming,” &c. Crown 8vo, cloth. o . 5 5 . B8/0

“This is the completest book of its class we have seen, and one whlch every amateur farmer
will read with pleasure, and accept as a guide.”—Field.

OUTLINES OF MODERN FARMING.

By R. Scorr BurN. Soils, Manures, and Crops—Farming and Farming
Economy—Cattle, Sheep, and Horses—Management of Dairy, Pigs, and
Poultry—Uetilisation of own- Sewage, Irrigation, &c. Sixth Edition. ln One
Vol., 1,250 pp., half-bound, profusely Illustrated . P 3 0 . 12/0

FARM ENGINEERING, The COMPLETE TEXT-BOOK of.

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines;
Field Implements and Machines ; ; Agricultural Surveying, &c. By Professor
Joun ScorT. In One Vol., 1,150 pp., half-bound, with over 6oo Illustrations.

** Written with great care, as well as with knowledge and ability. The author has done his
work well ; we have found him a very trustworthy guide wherever we have tested his statements.
The volume will be of great value to agricultural students.”"—Mark 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 Edmon, Revxsed with Additions.
18mo, cloth . A . . 5 .

**It is a long time since we have seen a book which has pleased us more, or whlch contams
such a vast and useful fund of knowledge."—Edwucational Times.

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS,
AUCTIONEERS, &c.

With a New System of Farm Book-keeping. By Sionev Francis. Fifth
Edition. 272 pp., waxstcoat-pocket size, rmp leather . 3 . . 1/6

“ Weighing less than r oz., and occup; {m{g no more space than a match-box, it contains a mass
of facts and calculations which has never efore, in such handy form, been obtainable. Every
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of
the tables having been revised by Dr. Fream, We cordially recommend it."—Bell's Weekly
Messenger.

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.
Part I. STock. Part I1. Crops. By C. J. R. Tierer. Crown 8vo, cloth.
{Just Published. 3/6
e “:ﬁ have no doul’x_t that the book will be welcomed by a large class of farmers and others
n Standard,
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FERTILISERS AND FEEDING STUFFS.
A Handbook for the Practical Farmer. By BErRNARD DvER, D.Sc. (Lond.).
With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third
Edition, Revised. Crown 8vo, cloth. [Just Pug ished. 1/0

‘*This little book is precisely what it professes to be—‘A Handbook for the Practical
Farmer.” Dr. Dyer has done farmers good service in placing at their disposal so much useful
information in so intelligible a form."—Z7%e Times,

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. GorpoN SamsoN. With
numerous Illustrations. Crown 8vo, wrapper . g ) . 5 . 1/0

BOOK-KEEPING for FARMERS and ESTATE OWNERS.

A Practical Treatise, presenting, in Three Plans, a System adapted for all

Classes of Farms. By JounsoN M. WoODMAN, Cha.rtered Accountant.
Second Edition, Revnsed Crown 8vo, cloth B s . 2/6
*The volume is a capital study of a most i subject,”—dgricul; ! Ga:em.

WOODMAN’S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showing the Income and
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c.
Wxth Valuation, Profit and Loss Account, and Balance Sheet at the nd of the

Year. By Jounson M. WoopmAN, Chartered Accountant. Second Edition.
Folio, half-bound . 3 B . 4 . . . WNet 716

“Contains every requisite form for keeping farm accounts readily and accurately.”—
Agriculture,

THE FORCING GARDEN.
Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and
Estimates for Building Glasshouses, Pits and Frames. With Illustrations.
By SamuEL Woop. Crown 8vo, cloth . . . o . g ¢
“ A good book, containing a great deal of valuable ing.”—Garde s’ Magazis

A PLAIN GUIDE TO GOOD GARDENING.

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Woop. Fourth
Edition, with considerable Addmons, and numerous Ulustratlons. Crown
8vo, cloth . 5 5 a o 5 1 . 3/6

* A very good book, and one to be highly recommended asa practu:al guide. The practical
directions are excellent.”—Ashenzum.

MULTUM-IN-PARVO GARDENING.

Or, How to Make One Acre of Land produce £620 a year, by the Cultivation

of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses,

so as to realise £x76 per annum clear Profit. By SamueL Woob, Author of
‘“ Good Gardening,” &c. Sixth Edition, Crown 8vo, sewed . . 3

“We are bound to recommend it as not only suited to the case of the amateur and gentle-
man’s gardener, but to the market grower.”—Gardeners’ Magazine.

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN.
And Amateur’s Complete Guide. By S. Woobp. Crown 8vo, cloth . 3/6
** Full of shrewd hints and useful instructions, based on a lifetime of experience.”—Scots7an.

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultivation and General Treatment of the Potato.
By J. Pink. Crown 8vo . i S N 3 3 7 - X [o]

MARKET AND KITCHEN GARDENING.
By C. W. SHaw, late Editor of Gardening Illustrated. Cloth . . 3/8

‘“ The most valuable compendium of kitchen and ket-garden work published,”—Farmcr.
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, &c.

INWOOD’S TABLES FOR PURCHASING ESTATES
AND FOR THE VALUATION OF PROPERTIES,

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities,
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests,
Mortgages, Perpetultles, "Renewals of Leases, Reversions, Sinking Funds,
&c., &c. 26th Edition, Revised and Extended by WILLIAM SCHOOLING,
F.R.A.S., with Loga.nthms of Natural Numbers and ThHomaN’s Logarithmic
Interest and Annuity Tables. 360 pp., Demy Bvo, cloth,

[ Just Publisked. - Net 8/0Q

* Those mterested in the purchase and sale of “estates, and in the addxstment of compensation
cases, as well as in ti &c., will find the present edition of

e Thxs valuable sbook has been consxderably enlarged and improved by the labours of
Mr. Schoolmg', and is now very indeed.”

“ Altogether this edition will prove of extreme value to many classes of professional men in
saving them many long and tedious calculations.”—/nwvestors’ Review.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT AND YALUER'’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
gOHN ‘WHEELER, Valuer, &c. Sixth Edltlo‘;i Re-written and greatly Extended

y C. NORRIS, Surveyor, Valuer, &ec. Roy 32mo, cloth . ¥ . 5/0

¢ A neat and concise book of refé dmirable and clearly d list of

prices for inventories, and a very practical ide to determme the value of furmture, &ec. "—Standard
‘¢ Contains a large quantity of varied and useful i ion as to the

sale, or renewal of leases, annuities and reversions, and of property generally, vnth prices for
inventories, and a guide to determine the value of interior fittings and other effects."—Butlder.

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Auctioneer. By ROBERT
Squisss, Auctioneer. Second Edmon, Revised and partly Re-written. Demy
8vo, cloth . 5 g 3 g 3 o 0 . 12/6

¢ The standard text-book on the topics of whlch it treats —A thenaum.
“The dwm—k is one of ge'neral excellent character, and gives much information in a com-

an form.”
‘“May be recomn';ended as gwing a great deal of Information on the law relating to
auctloneers, in a very readable form.”"—Law Fournal,
“ Auctioneers may be congratulated on having so pleasing a writer to minister to thelr special
needs."—Selicitors’ Fournal.

THE AGRICULTURAL VALUER’S ASSISTANT.

A Practical Handbook on the Valuation of Landed Estates; including
Example of a Detailed Report on Management and Rea.lxsanon Forms of
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of
Compensation under the Ag‘ncultural Holdings Act, and a Brief Treatise on
Compensation under the Lands Clauses Acts, &c. By Tom BRIGHT, Agricul-
tural Valuer. Author of *““The Agncultural Surveyor and Estate Agent’s
Handbook.” Fourth Edition, with Appendix containing a Digest of the
Agricultural Holdings Acts, 1883 and 1goo. Crown 8vo, cloth.

[Jwst Publisked. Net 6/0Q

““ Full of tables and les in ion with the valuation of tenant-right, estates, labour,
contents and weights of timber, and farm produce of all kinds."—. jeultural Gazette.,

“ An eminently practical handbook, full of practical tables an data of undoubted interest and
value to surveyors ane in preparing of all kinds."~Farmer.

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimating the Cost of Forming, Renovating,
Improving, and Grubbing Plantations and Underwoods, their Valuation for
Purposes of Transfer, Rental, Sale or Assessment. By Tom BriguT. Crown
8vo, cloth . A . " . 38/6
*To valuers, foresters and agents it wﬂl bea welcome ald "—-North British Agrimlmn:
** Well calculated to assist the valuer in the dlscharge of his duties, and of undoubted interest
and use both to surveyors and in of all kinds " —~Xen¢ Herald.




AUCTIONEERING. VALUING, LAND SURVEYING, &c¢. 4%

AGRICULTURAL SURVEYOR AND ESTATE AGENT’S
HANDBOOK.

Of Practical Rules, Formulz, Tables, and Data. A Comprehensive Manual

for the Use of Surveyors, Agents, Landowners, and others interested in the

Equipment, the Management, or the Valuation of Landed Estates, By

Tom BRIGHT, Agricultural Surveyor and Valuer, Author of ‘‘ The Agri-
cultural Valuer's Assistant,” &c. With Illustrations. Fcap. 8vo, Leather.

[Just Publisked. Net 7|6

* An exceedingly useful book, the contents of which are admira?ly c_hossn. ‘:rhg classes for

whom the work is intended will find it convenient to have this comp ble
for reference.”—Live Stock Fournal, 2 A 2
1t is a singularl; and well infc d compend of the facts and figures likely to

be required in estate work, and is certain to prove of much service to those to whon it is
addressed.”—Scotsinan.

THE LAND VALUER’S BEST ASSISTANT.
Being Tables on a very much Improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary
Acres to Statute Measure, &c. By R. Hubpson, C.E. New Edition.
Royal 32mo, leather, elasticband . . . . . . . |
** Of incalculable value to the country gentleman and professional man,"”—Farmers’ Fournal,

THE LAND IMPROVER’S POCKET-BOOK.
Comprising Formulz, Tables, and Memoranda required in any Computation
relating to the Permanent Improvement of Landed Property. By JouN EwarT,
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0
“ A compendious and handy little volume.”—Sgectator,

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather . f . . 76

HANDBOOK OF HOUSE PROPERTY.
A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures :
with Examples of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By E. L. TARBUCK, Architect and Surveyor.
Sixth Edition. 12mo, cloth 3 = 3 o o 3 3 X 3 /0
* The advice is thoroughly practical.”—Law Fournal.
*“ For all who have dealings with house property, this is an indispensable guide,”—Decoratios.
* Carefully brought up to date, and much improved by the addition of a division on Fine
Art. A well-written and thoughtful work.”—ZLand Agent's Record.

LAW AND MISCELLANEOUS.

MODERN JOURNALISM.
A Handbook of Instruction and Counsel for the Young Journalist. By Joun
B. Mackig, Fellow of the Institute of Journalists. Crown 8vo, cloth 2/0
*“This invaluable guide to journalism is a work which all aspirants to a joumalistic career will
read with advantage.”— Fournalist,

HANDBOOK FOR SOLICITORS AND ENGINEERS
Engaged in Promoting Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramways, Gas and Water Works, &c.
By L. LivINGSTONE MacassEY, of the Middle Temple, Barrister-at-Law,
M. Inst. C.E. 8vo, cloth . 4 o S i 2 P, a . £1 5s.

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 . . 1/6

CONCILIATION & ARBITRATION in LABOUR DISPUTES.

A Historical Sketch and Brief Statement of the Present Position of the
Question at Home and Abroad. By J. S. JEans, Author of ‘‘ England’s
Supremacy,” &c. Crown 8vo, 200 pp., cloth . 4 4 . 7 . 2/6
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EVERY MAN’S OWN LAWYER.

A Handy-Book of the Principles of Law and Equity. With a Concise
Dictionary of Legal Terms. By A BarrisTER. Thirty-ninth Edition,
carefully Revised, and including New Acts of Parliament of 1gor. Com-
prising the Youthful Offenders Act, 1gor; the Larceny Act, 1901; the
Intoxicating Liguors Act, 1901 ; the Factory and Workskop Act, 1go1, and
other enactments of the year. Judicial Decisions during the year have also
been duly noted. Crown 8vo, 8oco pp., strongly bound in cloth,

ust Published. 6/8

** This Standard Werk of Reference forms o COMPLETE EPITOME OF THE
Laws oF ENGLAND, comprising (amongst other matter);

THE RIGHTS AND WRONGS OF INDIVIDUALS—LANDLORD AND TENANT—VENDORS
AND PURCHASERS—LEASES AND MORTGAGES—PRINCIPAL AND AGENT—PARTNERSHIP
AND COMPANIES—MASTERS, SERVANTS AND WORKMEN—CONTRACTS AND AGREEMENTS
~—BORROWERS, LENDERS AND SURETIES—SALE AND PURCHASE OF GOODS—CHEQUES,
BILLS AND NOTES—BILLS OF SALE—~BANKRUPTCY—RAILWAY AND SHIPPING LAW—
LIFE, FIRE, AND MARINE INSURANCE—ACCIDENT AND FIDELITY INSURANCE—CRIMINAL
LAW—PARLIAMENTARY ELECTIONS—COUNTY COUNCILS—DISTRICT COUNCILS—PARISH
COUNCILS—MUNICIPAL CORPORATIONS—LIBEL AND SLANDER—PUBLIC HEALTH AND
NUISANCES—COPYRIGHT, PATENTS, TRADE MARKS—HUSBAND AND WIFE—DIVORCE—
INFANCY—CUSTODY OF CHILDREN—TRUSTEES AND EXECUTORS—CLERGY, CHURCH-
WARDENS, &C.-—GAME LAWS AND SPORTING—INNKEEPERS—HORSES AND DOGS—TAXES
AND DEATH DUTIES—FORMS OF AGREEMENTS, WILLS, CODICILS, NOTICES, &C.

O™ The object of this work is to enable those who consultit to help themselves to the
law ; and thereby to dispense, as far as ible, with profe ! s and advice. There
are many wrongs and grievances which Persons submit lo from time to time through not
knowing how or where to gply Jor vedrvess; and many pevsons have as great a dread of &
lawyer's office as of @ lion's den.” With this book at hand it is believed that many @ SIX-AND-
EIGHTPENCE may be saved ; many a wrong vedvessed ; many @ right reclaimed ; many a law
surit avoided ; and many an evil abated. The work has establis, itself as the standard legal
adviser of all classes, and has also made a veputation for itself as a useful book of reference for
law_yc)r.r residing at a n‘z’.rt:;u Srom law libraries, who are glad to have at hand a work

e bl tsosis o

OFINIONS OF THE PREss.
**1t is a complete code of English Law written in plain language, which all can understand.

.+ . Should be in the hands of every business man, and all who wish to abolish lawyers bills,”—
Weekly Times.

** A useful and concise epitome of thelaw, compiled with considerable care.”—Law Magaxzine.

* A complete digest of the most useful facts which constitute English law.”"—GZode.

 This HenthliandbooEEh = A risably  done: . A iran]
cheap.”—Leeds Mercury

* A concise, cheap, and complete epitome of the English law, So plainly written that he who
runs may read, and he who reads may understand.”—Figaro,

“ A dictionary of legal facts well put together. The book is a very useful one.”—Spectator.

THE PAWNBROKER’S, FACTOR’S, AND MERCHANT’S
GUIDE TO THE LAW OF LOANS AND PLEDGES,

With the Statutes and a Digest of Cases. By H. C. FOLKARD, Barrister-at-
faw, Cloth =g o 70 0 Gl L Wik - garoni= LS80

LABOUR CONTRACTS.

A Popular Handbook on the Law of Contracts for Works and Services. By
Davip Gispons. Fourth Edition, with Appendix of Statutes by T. F. UTTLEY,
Solicitor. Fcap. 8vo, cloth o e o 3 . 5 5 b . 3/6

SUMMARY OF THE FACTORY AND WORKSHOP ACTS

(1878-1891). For the Use of Manufacturers and Managers. By EMILE
GarckE and J. M. FEeirs. (Reprinted from ‘““FAcTORY ACCOUNTS.”)
Crown 8vo, sewed 5 5 c ? ; . , X . f . Bo.

BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TONBRIDGE.
.



WEALES SERIES

OF

SCIENTIFIC axw TECHNICAL
WORKS.

It is not too 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.”—ZEngineer.
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2 WEALE’S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.

Civil Engineering. {
By HEenry Law, M.Inst.C.E. Includin}% a Treatise on HvYDRAULIC
ENGINEERING by G. R. BurNeLL, M Seventh Edition, revised,
with LARGE AppiTions by D. K. CLAark, M.I.C.E. . 4 s
Pioneer Engineering:
A Treatise on the Engineering Operations connected with the Settlement of
Waste Lands in New Countries. By EbpwarRp Dosson, M.Inst.C.E.
With numerous Plates. Second Edition . B . 8 5 . 4/6
Iron Bridges of Moderate Span:
Their Construction and Erection. By HamiLtoNn W. PENDRED. With 40
Illustrations . b 4 A . 10
Iron and Steel Brxdges and Viaducts.
A Practical Treatise upon their Construction for the use of Engineers,
Draughtsmen, and Students. By Francis CAMPIN, C E. With numerous
Illustrations . . . o e

Constructional Iron a.nd Steel Work
As applied to Pubhc, Prlvate, and Domest)c Bmldmgs By Francis
Cawmrin, C.E. o 5 5 16
Tubular and other Iron Glrder Bmdges.
Describing the Britannia and Conway Tubular Bndges. By G. DRYSDALE
Demrsey, C.E. Fourth Edition T a 3 a 10
Materials and Construction:
A Theoretical and Practical Treatise on the Strains, Designing, and Erec-

tion of Works of Construction. By Francis Camrein, C.E. . . 30
Sanitary Work in the Smaller Towns and in Villages.
By CHARLES SLAGG, Assoc. M.Inst.C.E. Third Edition 5 . 3/0

Roads and Streets (The Construction of).
In Two Parts: I. THE ART oF ConsTRUCTING CoMMON Roaps, by H
LaAw, C.E., Revised by D. K. CLark, C.E. ; II. RECENT PRACTICE In-
cluding Pavements of Wood, Asphalte, &c. By D. K. Crarg, C.E. 4/

Gas Works (The Construction of),

And the Manufacture and Distribution of Coal Gas. By S. HuGHgs, C.E.

Re-written by WiLLiaMm RicHARDS, C.E. Eighth Edition 5 A 6
Water Works

For the Supply of Cities and Towns. Witha Description of the Principal

Geological Formations of England as influencing Supplies of Water. By

SaMueL HucHes, F.G.S., C.E. Enlarged Edition . A ~ . 4/0
The Power of Water,

As applied to drive Flour Mills, and to give motion to Turbines and other

Hydrostatic Engines. By Josepn GLynN, F.R.S. New Edition . 2/0
Wells and Well-Sinking.

By Joun Gro. SwinpeLL, A.R.L.B.A.,and G. R. BurNELL, C.E. Revised

Edition. With a New Appendix on the Qualmes of Water. Illustrated 2/0
The Drainage of Lands, Towns, and Buildings.

By G. D. Demrsey, C.E. Revised, with large Additions on Recent

Practice, by D. K. CLarRk, M.I.C.E. "Third Edition . . . 4/6
The Blasting and Quarrying of Stone,

For Building and other Purposes. With Remarks on the Blowmg up of

Bridges. By Gen. Sir J. BurGovng, K.C.B. . & . 1/6

Foundations and Concrete Works.
With Practical Remarks on Footings, Plankm Sand, Concrete, Béton,
Pile-driving, Caissons, and Cofferdams. lé Doason, M.R.I.B
Eighth Edition . 5 > 5 3 " 1/6



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 3

Pneumatics, g
Including Acoustics and the Phenomena of Wind Currents., 'far the Use of
Beginners. By Cuarres Tomrinson, F.R.S. Fourth Edition . 1/
Land and Engineering Surveying.
For Students and Practical Use. By T. Baxer, C.E. Eighteenth Edition,
Revised and Extended by F. E. Dixon, A.M. Inst. C.E., Professional Asso~
ciate of the Institution of Surveyors. With numerous Illustrations and two
Lithographic Plates . . . % 5 e Uust published 2|0
Mensuration and Measuring. )
For Students and Practical Use. With the Mensuration and Levelling of
Land for the purposes of Modern Engineering. By T. BAKER, C.E. ew
Edition by E. NuGenT, C.E. TECSNTRC S A SISy S 1/6

MINING AND METALLURGY.

Mineralogy,
Rudiments of. By A. Rawmsay, F.G.S. Fourth Edition, revised and
enlarged. Woodcuts and Plates . s ® - 3 S
Coal and Coal Mining,
A Rudimentary Treatise on. By the late Sir WARINGTON W, SmyTn,
F.R.S. Eighth Edition, revised and extended by 1. ForRsTER BRoOwN.
[Just publisked 3|6

Metallurgy of Iron.
Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &c. By H. BausrMaN, F.G.S. With numerous
lustrations. Sixth Edition, revised and enlarged 5 . £ (o)
The Mineral Surveyor and Yaluer's Complete Guide.
By W. Lintery. Fourth Edition, with an Appendix o Magnetic and
Angular Surveying . 4 4 3 . X ? . s . /8
Slate and Slate Quarrying:
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. Witk
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0C
A First Book of Mining and Quarrying,
With the Sciences connected therewith, for Primary Schools and Self In.
struction. By J. H. Corvrins, F.G.S. Second Edition . 16
Subterraneous Surveying,

With and without the Magnetic Needle. By T. FENwick and T. BAKER,
C.E. Ilustrated . 3 d 3 . < 2 5 : . . 2/6

Mining Tools.

Manual of. By WiLLiAM MoRGANS, Lecturer on Practical Mining at thsc

Bristol School of Mines . 3 .
Mining Tools, Atlas

Of Engravings to Illustrate the above, containing 235 Illustrations of Mining

Tools, drawn to Scale. 4to 4 5 . 4/6
Physical Geology,

Partly based on Major-General PorTLock’s ‘ Rudiments of Geology.”

By Rarpu TaTE, A.L.S,, &. Woodcuts. 5 5 .
Historical Geology,

Partly based on Major-General PorTLOCK's ‘‘ Rudiments.” By RaLrk

Tatg, A.L.S,, & Woodcuts . . . B RS, 210
Geology, Physical and Historical.

Consisting of ‘‘ Physical Geology,” which sets forth the Leading Principles

of the Science; and *‘ Historical Geology,” which treats of the Mineral and

Organic Conditions of the Earth at each successive epoch. By RaLeu
TATE, F.G.S.

Electro-MetaIluré‘y, R

Practically Treated. By ALEXANDER WATT. Tenth Edition, enlarged
and revised, including the most Recent Processes 18

. . . . .

. . . .
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MECHANICAL ENGINEERING.

The Workman’s Manual of Engineering Drawing.
By JouN Maxton, Instructor in Engineering Drawing, Royal Naval
College, Greenwich. Seventh Edition. 3co Plates and Diagrams . 3/6

Fuels: Solid, Liquid, and Gaseous.

Their Analysis and Valuation. For the Use of Chemists and Engineers.
By H. J. PriLuies, F.C.S., formerly Analytical and Consulting Chemist
to the Great Eastern Railway. Third Edition . . . . | 0

Fuel, Its Combustion and Economy.

Consisting of an Abridgment of * A Treatise on the Combustion of Coal and
the Prevention of Smoke.” By C. W. WirrLiams, A.L.C.E, With Exten-
sive Additions by D. K. CLarRk, M.Inst.C.E. Fourth Edition g

The Boilermaker’s Assistant
In Drawing, Templating, and Calculating Boiler Work, &c. ByE]. CourTt-
NEY, Practical Boilermaker. Edited by D. K. Crark, C.E.. 2/0

The Boiler-Maker’'s Ready Reckoner,

With Examples of Practical Geometry and Templating for the Use of
Platers, Smiths, and Riveters. By Joun Courrnev. Edited by D. K.
Crark, M.I.C.E. Fourth Edition . 3 J . 7 = . 4/0
* > The last two Works in One Volume, hall-bound, entitled ** THE BOILER-
MAKER'S READY-RECKONER AND AssisTANT.” By J. CourRTNEY and

D. K. CLarRk. Price T/0.

Steam Boilers:
Their Construction and Management. By R. ARMsTRONG, C.E. Illustrated
1/6

Steam and Machinery Management.
@® A Guide to the Arrangement and Economical Management of Machinery.

By M. Powis BaLe, M.Inst M.E. . 5 5 . g . 3
Steam and the Steam Engine,

Stationary and Portable. Being an Extension of the Treatise on the Steam

Engine of Mr. J. SeweLL. By D. K. CLagrg, C.E. Fourth Edition 3/6
The Steam Engine,

A Treatise on the Mathematical Theory of, with Rules and Examples for

Practical Men. B_y ‘I'. BAkER, C.E. . 8 5 B o o . 1/6
The Steam Engine.

By Dr. LArDNER. Illustrated . . . . . . . . 1/8
Locomotive Engines,

By G. D. Demresey, C.E. With large Additions treating of the Modern

Locomotive, by D. K. CLaArRk, M.Inst.C.E. . s 5 . =
Locomotive Engine-Driving. ‘

A Practical Manual for Engineers in charge of Locomotive Engines. By

MicHaEL REvNoLps. Tenth Edition. 3s. 64. limp; cloth boards . 4/6
Stationary Engine-Driving.

A Practical Manual for Engineers in charge of Stationary Engines. By

MicHAEL REYNOLDS. . Sixth Edition. 3s. 64. limp ; cloth boards . 4/6
The Smithy and Forge.

Including the Farrier's Art and Coach Smithing. By W. J. E, Cranr.

Fourth Edition . o ARGy S R DA L R VS 128
Modern Workshop Practice,

As applied to Marine, Land, and Locomotive Engines, Floating Docks,

Dred mé Machines, Bridges, Ship-building, &c. By J. G. WinToN.

Fourth Edition, Illustrated .. o o .o oo 0 o o w136
Mechanical Engineering.

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop

Machinery, Mechanical Manipulation, Manufacture of the Steam Engine,

&c. By Francis Camrin, C.E. Third Edition -1 i o . 2/86
Details of Machinery.

Comprising Instructions for the Execution of various Works in Iron in the

Fitting-Shop, Foundry, and Boiler-Yard. By Francis Camrin, C.E. 3/0
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Elementary Engineering:

A Manual for Young Marine Engineers and Apprentices. In the Form of

Questions and Answers on Metals, Alloys, Strength of Materials, &c.

By J. S. BREwer. Fourth Edition . . . . s .
Power in Motion:

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving

Bands, Angular Forces, &c. By James ArMOUR, C. E. Third Edition 2/0
Iron and Heat,

Exhibiting the Prmmp]es concerned in the Construcnon of Iron Beams,

Pillars, and Girders. By J. ArRmour, C.E. & . 2/6
Practical Mecha.nlsm,

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and

Machinery, by J. NasmyTh, CE. . & & & . . . 16
Mechanics:

Being a concise Exposition of the General Principles of Mechanical Science,

and their Applications. By CHARLEs TomrinsoNn, F.R.S. . 1/6
Cranes (The Construction of),

And other Machinery for Raising Heavy Bodles for the Erection of Build-

ings, &c. By JosepH GLynN, F.R.S. a . . . . 6

NAVIGATION, SHIPBUILDING, ETC.

The Sailor’s Sea Book: ;

A Rudimentary Treatise on Navigation. By James Greenwoop, B.A.

With numerous Woodcuts and Coloured Plates. New and enlarged

Edition. By W. H. Rosser . . . : e . 2/6
Practical Navigation.

Consisting of TuE SA1LOR’S SEA-Book, by James GREENwoOD and W. H,

ROSSER ; together with Mathematical and Nautical Tables for the Working

of the Problems by HExry Law, C.E., and Prof. J. R, Younc. T/O
Navigation and Nautical Astronomy,

In Theory and Practice. By Prof. J. R. Younc. New Edition. 2/6
Mathematical Tables,

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is

prefixed a Treatise on Loganthms By H. Law, C.E. Together with a

Series of Tables for Navigation and Nautical Astronomy. By Professor J.

R. YounG. New Edition . A 5 /
Masting, Mast-Making, and nggmg of thps.

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes,

&ec., relative to every class of vessels. By RoBerT Kipring, N.A.. 2/0
Sails and Sail-Making.

With Draughting, and the Centre of Effort of thc Sails. By RoBerT

KrrrinGg, N.A. . . . o . B S 16
Marine Engines a.nd Stea.m Yessels.

By R. Murrayv, C.E. Eighth Edition, thoroughly revised, with Addi-

tions by the Author and by GeorGe CarLristLg, C.E. 4 3 . 4/6
Naval Architecture:

An Exposition of Elementary Principles. By JAMES PEAKE . . 3/6
Ships for Ocean and River Service,

Principles of the Construction of. By Hakon A. SoMMzRFELDT . 1/6
Atlas of Engravings

To Illustrate the above. Twelve large folding Plates. Royal 4to,cloth T7/6
The Forms of Ships and Boats.

By W. Branp. Ninth Edition, with numerous Illustrations and

Models . S : 3 g a e 7 3 . . . (5]
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ARCHITECTURE AND THE
BUILDING ARTS.

Constructional Iron and Steel Work,

As applied to Pubhc, Private, and Domestic Buildings. By Francis
Camriy, CE. . g . 3/6

Building Estates:

A Treatise on the Development, Sale, Purchase, and Management of Build-
ing Land. By F. MartLanp, Third Edition . J o 3 10

The Science of Building :

An Elementary Treatise on the Principles of Construction. By E. WynD-
3/6

HAM TarN, M.A. Lond. Fourth Edition . . . .
The Art of Building:

General Principles of Construction, Strength, and Use of Materxa]s, Working
Drawings, Specifications, &e. By EDWARD Dosson, M.R.I.LB.A. . 2/0

K Book on Building,
Civil and Ecclesiastical. By Sir EDMUND BECKETT, Q (o) (Lord GRI/M-
4/6

THORPE). Second Edition .

Dwelling-Houses (The Erectlon of)

Illustrated bya Perspective View, Plans, and Sections of a Pair of Villas, with
Specification, Quantities, and Estimates. By S. H. BRooks, Architect 2/6

Cottage Building.

By C. Brucr ALLEN. Eleventh Edition, with Chapter on Economic Cot-
tages for Allotments, by E. E. ALLEN, GBS ) . . 10

Acoustics in Relation to Architecture and Building:
e Laws of Sound as applied to the Arrangement of Buildings. By Pro-
fessor T. Rogrr SmiTH, F.R.I.B.A. New Edition, Revised . 1/6

The Rudiments of Practical Bricklaying.
General Principles of Bricklaying; Arch Drawing, Cutting, and Setting ;
Pointing ; Paving, Tiling, &c. DBy Apam Hammonp. With 68 Woodcuts

The Art of Practical Brick Cutting a.nd Settlng
By Apam HaMmMmoND. With go Engravings . 1/6

Brickwork :
A Practical Treatise, embodying the General and Higher Principles of
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof
Tiling, &c. By F. WALKER T d 3 5 t 7 1/6

Bricks and Tiles,
Rudimentary Treatise on the Manufacture of ; containing an Outline of the
Prinziples of Brickmaking. By E. DOBSON, M. R.I B.A. Additions b
C. Tomrinson, F.R.S. TIllustrated . d o, iy /(;

The Practical Brick and Tile Book
Comprising: Brick aAND TiLE MAKING, by E DossoN, M.InsT.C.E.;
Practical BRICKLAYING, by A, HAMMOND ; BRICK-CUTTING AND SETTING.
by A. HAMMOND. 350 pp. With 270 Il]ustratlons, half-bound . . 6/0

Carpentry and Joinery—
THE ELEMENTARY PRINCIPLES OF CARPENTRY. Chiefly composed from the
Standard Work of THomas TrEDGOLD, C.E. With Additions,and TREATISH
oN JoiNery, by E. W. TARN, M.A. Seventh Edition . 3 3

QGarpentry and Joinery—Atlas

Of 35 Plates to accompany and Illustrate the foregoing book, With
Descriptive Letterpress. 4to 4 5 . . . . . . 6/0
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A Practical Treatise on Handrailing;
Showing New and Simple Methods. By GEo. COLLINGS. Second Editi
Revised, including a TREATISE ON STAIRBUILDING. With Plates . 2%

Circular Work in Carpentry and Joinery.
A Practical Treatise on Circular Work of Single and Double Curvature.
By GEORGE CoLLINGs. Third Edition . s B . 2/6

Roof Carpentry:
Practical Lessons in the Framing of Wood Roofs. For the Use of Workin,
Carpenters. By Geo. CoLLINGS ¢ g 1 . . 5 2/8

The Construction of Roofs of Wood and Iron;
Deduced chiefly from the Works of Robison, Tredgold, and Humber. %
E. Wynpuam TaArN, M.A., Architect. Third Edition . g .

The Joints Made and Used by Builders.
By WyviLL J. CurisTy, Architect. With 160 Woodcuts . 310

Shoring
And its Application: A Handbook for the Use of Students By Geozcs
H. BLaGroveE. With 31 Illustrations - 3 o . 1/8

The Timber Importer’s, Timber Mercha.nt’s, and

Builder’s Standard Gulde.
By RAGE IGRANDY | S e b o) Glh O . 210

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation. By Wnm. PAToN BucHaN
Eighth Edition, Re-written and Enlarged, with 500 Illustrations . 3/6

Ventilation :
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P.
BucHAN, R.P., Author of ““ Plumbing,” &c. With 170 Illustrations 3/8

The Practical Plasterer:
A Compendinm of Plain and Ornamental Flaster Work. By W. Kemp 2/0

House Painting, Graining, Marbling, & Sign Writing.
With a Course of Elementary Drawing, and a Collection of Useful Receipts.
By Ecris A. Davipson.  Eighth Edition. Coloured Plates . /10

** The above, in cloth boards, strongly bound, 6/Q

A Grammar of Colouring,
Applied to Decorative Painting and the Arts. By GEORGE FieLp. New
Edition, enlarged, by Erris A. Davipson. With Coloured Plates . 3/0

Elementary Decoration
Asapplied to Dwelling Houses, &c. By James W. Facev. Illustrated 2/0

Practical House Decoration.
A Guide to the Art of Ornamental Painting, the Arran. gement of Colours in
Apartments, and the Principles of Decorative Design. By JAMEs W. FA;%

** The last two Works in One handsome Vol., half-bound, entitled ** HousE
DEcorRATION, ELEMENTARY AND PRACTICAL,” grice §/0

Portland Cement for Users.
By Henry Faija, A M.Inst.C.E. Third Edition, Corrected . . 210
Limes, Cements, Mortars, Concretes, Mastics, Plas-

tering, &c.
By G. R. BurneLL C.E. Fifteenth Edition . . . . . 1/8
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Masonry and Stone-Cutting.
‘The Principles of Masonic Projection and thelr apphc:mon to Construction.
By Epwarp Dosson, M.R.LLB.A. . 8 b !

Arches, Piers, Buttresses, &c.:
Experimental Essays on the Principles of Construction. By W. Bu;r;lé

Quantities and Measurements,
In Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paperhangers’,
Gilders’, Smiths’, Carpenters and Joiners’ Work. By A. C. BEaton 1/6

The Complete Measurer:
Setting forth the Measurement of Boards, Glass, Tmlber and Stone By R.
HorTon. Sixth Edition . O . 4/0
** The above, strongly bound in Ieat/ur, Price 5 /! O
Light:
An Introduction to the Science of Optics. Designed for the Use of Students

of Architecture, Engineering, and other Applied Sciences. By E. WyND-
HAM Tarn, M.A., Author of ¢ The Science of Building,” &c. . - 916

Hints to Young Architects.
By GEORGE WIGHTWICK, Architect. Sixth Edition, revised and enlarged
by G. HuskissoN GUILLAUME, Architect . . o B 3/6

Arxchitecture—Orders:
The Orders and their /Esthetic Principles. By W. H. LEeps. Illustrated.
: 1/6

Architecture—Styles:

The History and Description of the Styles of Architecture of Various
Countries, from the Earliest to the Present Period. By T. T'aLsoT Bury,
F.R.LB.A. Hlustrated . B . .

*.* OrRDERS AND STYLES OF ARCHITECTURE, i Cne Vol., 3/6.

Krchitecture—Design:
The Principles of Design in Architecture, as deducible from Nature and
exemplified in the Works of the Greek and Gothlc Archltecrs By Epw.
Lacy GARBETT, Architect. Illustrated . 2/6
** The three preceding Works in One handsome Vol }lal/ baund enltt/ed
‘“ MODERN ARCHITECTURE," price 6/Q.

Perspective for Beginners.
gted to Young Students and Amateurs in Archltecture, Painting, &c.
EORGE PYNE < 5 . . /i

Ax'chltectura.l Modelling in Pa.per.
By T. A. Riciiarpson.  With Illustrations, engraved by O. Jewitt 1/6

Glass Staining, and the Art of Painting on Glass.
From the German of Dr. GESSERT and EMaNUEL OTT0 FromBERG., With
an Appendix on THE ART OF ENAMELLING . k .

Yitruvius—The Architecture of.

In Ten Books. Translated from the Latin by Josepu GwiLt, F.S.A.,
F.R.A.S. With 23 Plates . s 5 0

N.B.—This is the only Edition ¢f VITRUVIUS procuvaé e at a moderale price

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Progress of the Art in Greece.” By the EARL or ABERDEEN 1/0Q

** The two /rzcedmg Works in One handsome Vol., half bound, entitled
‘“ ANCIENT ARCHITECTURE,” price 6/0.
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INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums.
A Practical Guide to the Manufacture and Application of the various
Agglutinants required for Workshop, Laboratory, or Office Use. With
upwards of goo Recipes and Formulz. By H. C. STANDAGE . 3
Clocks and Watches, and Bells,
A Rudimentary Treatise on. By Sir EDMUND BeckerT, Q.C. (Lord
GRIMTHORPE). Seventh Edition. o 2 2 - - s 6
The Goldsmith’s Handbook.
Contammg full Instructions in the Art of Alloying, Melting, Reducing,
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels,
&ec., &c. By GeorGe E. Gee. Fifth Edition . o 3/0
The Silversmith’s Handbook,
On the same plan as the Gowsmrm’s Haxpeook. ByG. E. GEr. 3/0
*& The last two Works, in One handsome Vol., half-bound, T]Q.
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-
Marks at the various Assay Offices. By Georce E. GEE = 3/0
French Polishing and Enamelling.
A Practical Work of Instruction, including numerous Recipes for making
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By R. BITMEAD.
[Just Publisked. 1|6
Practical Organ Building.
By W. E. DicksoN, M.A. Second Edition, Revised, with Additions 2/6
Coach-Building:
A Practical Treatise. By James W. Burgess, With 57 Illustrations 22/6
The Cabinet-Maker’s Guide
To the Entire Construction of Cabinet-Work. By R. BiTMERAD.
Just Published. 26
The Brass Founder’s Manual:
Instructions for Modellmg, Pattern Making, Moulding, Turnmg, &c By
W. GRAHAM . =l . 2/0
The Sheet-Metal Worker’s Guide.
A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with
46 Diagrams. By W. J. E. Crane. Third Edition, revised . 1/6
Sewing Machinery:
Its Construction, History, &c. With full Technical Dlrecnons for Adju/36

ing, &c. By J. W. UrqQuauarr, C.E. g 3 . .
Gas Fitting:
A Practical Handbook. By Joun BrLack., New Edition 5 « 2/6

Construction of Door Locks.

From the Papers of A. C. Hosgs. Edited by C. Tomrinson, F.R.S. 2/6
The Model Locomotive Engineer, Fireman, and

Engine-Boy.

By MicHAEL REYNOLDS . 4 . 36

The Art of Letter Palntmg made Ea.sy
y J. G. BaveEnocH. With 12 full-page Engravings of Examples . 1/6

The Art of Boot and Shoemaking.

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By

Joun BeEprorp LENO. With numerous Illustrations. Fourth Edition 2/0
Mechanical Dentistry:

A Practical Treatise on the Construction of the Various Kinds of Artificial

Dentures. By CHarRLEs HuNTER. Fourth Edition o . 5 /0
Wood Engraving:

A Practical and Easy Introduction to the Art. By W. N. Brow~n . 1/6
Laundry Management.

A Handbook for Use in anatc and Public Laundnes By the EpiTor of

** The Laundry Journal.” 3 3 ¥ K " ) 10
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AGRICULTURE, GARDENING, ETC.

Draining and Embanking:
A Practical Treatise. By Prof. Joun Scorr. With 68 Illustrations 1/6

Irrigation and Water Supply:
A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c.;
on the Construction of Wells, Ponds, Reservoxrs, &c. By Prof. JOHN
Scorr. With 34 Illustrations . . 'R s b

Farm Roads, Fences, and Gates:
A Practical Treatise on the Roads, Tramways, and Waterways of the
Farm ; the Principles of Enclosures; and the different kinds of Fences,
Gates, and Stiles. By Prof. JouN ScorT. With 75 Illustrations . 1/6

Farm Buildings:
A Practical Treatise on the Buildings necessary for various kinds of Farms,
their Arrangement and Construction, with Plans and Estxmates. By Prof.
Joun Scort. With 105 Illustrations . 8 3 B . g ]

Barn Implements and Machines:
Treating of the Application of Power and Machines used in the Threshing-
barn, Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations.

. 2/0

Field Implements and Machines:
With Principles and Details of Construction and Points of Excellence, their
Management, &c. By Prof. Jou~n Scort. With 138 Illustrations 2/0Q

Agricultural Surveying:
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions
for Valuing Estates. By Prof. J. ScorT. With 62 Illustrations . 1/6

Farm Engineering.
By Professor JouN ScorT. Comprising the above Seven Volumes in One,
1,150 pages, and over 6oo [llustrations. Half-boun o e 5 2/0

Outlines of Farm Management.
Treating of the General Work of the Farm; Stock; Comract Work ;
bour, &c. By R. ScorT BUurN . ot SR, 2/6

Outlines of Landed Estates Ma.na.gement.
Treating of the Varieties of Lands, Methods of Farming, Setting-out of
Farms, Roads, Fences, Gates, Drainage, &c. By R. ScorT Burn. 2/6
** The above Two Vols. in One, handsomely half-bound, price 6|0

Soils, Manures, and Crops.
(Vol. I. OuTLINES OF MopERN FarRMING.) By R. ScorT Burn . 2/0

Farming and Farming Economy.
(Vol. 11. OuTLiNES oF MopErRN FarMING.) By R. Scort Burn 3/0

S8tock: Cattle, Sheep, and Horses.
(Vol. II1. QurLines oF MoDERN FArRMING.) By R. Scort Burn 2/6

Da.u'y, Plgs, and Poultry.
Vol. IV. OuTLiNES OF MoODERN FARMING.) By R. Scorr Burn 2/0

Utiliza.tlon of Sewage, Irrigation, and Reclamation
of Waste Land.
(Vol. V. OutrLiNEs OF MopERN FARMING.) By R. Scotrt Burn . 22/6

Outlines of Modern Farming.
By R. Scort Burn. Consisting of the above Five Volumes in One,
1,250 pp., profusely Illustrated, half-bound . EREEAT g 12/0



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 11

Book-keeping for Farmers and Estate Owners.
A Practical Treatise, presenting, in Three Plans, a System adapted for all
classes of Farms. By J. M. WoopmAN. Third Edition, revised . 2/6

Ready Reckoner for the Admeasurement of Land.
By A. ArMaN. Fourth Edition, revised and extended by C. Norris 2/0

Miller’s, Corn Merchant’s, and Farmer's Ready

Reckoner.
Second Edition, revised, with a Price List of Modern Flour Mill Machinery,
by W. S. Hurton, C.E. . 7 DY 3 . el T .

The Hay and Straw Measurer.
New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw
Dealers, &c. By JounN STEELE . . B . . . . 5

Meat Production.
A Manual for Producers, Distributors, and Consumers of Butchers' Meat,
By Joun EwarT ’ 5 . . g . . . o . 2/6

Sheep :
The History, Structure, Economy, and Diseases of. By W. C. Sroonxx,
M.R.V.S. Fifth Edition, with fine Engravings. RinY lapicndi6

Market and Kitchen Gardening.
By C. W. Suaw, late Editor of ‘“Gardening Illustrated” . . . 3/0

Kitchen Gardening Made Easy.
Showing the best means of Cultivating every known Vegetable and Herb,
&c., with directions for management all the year round. By GeorGe M. F.
Grenny. Illustrated . . . . . . g 5 . . 1/6

Cottage Gardening:
Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hospav..
1/6
Garden Receipts.
Edited by CHARLES W.QUIN .+ .+ 4+ 4+ « o+« o+ .+ 1/86

Fruit Trees,
The Scientific and Profitable Culture of. From the French of M. Du
Breuir. Fifth Edition, carefully Revised by GEORGE GLENNY. With
187 Woodcuts 5 5 . 1 & p . $ 3 E . 3/6

The Tree Planter and Plant Propagator:
With numerous Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &c. By SamveL Woop & J ” . o . 2/0

The Tree Pruner:
A Practical Manual on the Pruring of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous 1llustrations. By SAMUEL Woop 1/6

** The above Two Vols. in One, handsomely half-bound, price 3|6

The Art of Grafting and Budding.
By CHarLEs BALTET. With Illustrations ' ¥ C . . 2/6
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MATHEMATICS, ARITHMETIC, ETC.

Descriptive Geometry,
An Elementary Treatise on ; with a Theory of Shadows and of Perspective,
extracted from the French of G. Monge. To which is added a Description
of the Principles and Practice of Isometncal Projection. By J.F. HEATHER,
M.A. With 14 Plates . 4 P10 4 O o5 EaEs L 20
Practical Plane Geometry
Giving the Simplest Modes of Constructing Figures contained in one Plane
and Geometrical Construction of the Ground. By J. F. HEATHER, M.A.
With 215 Woodcuts . . . b
Analytical Geometry and Comc Sectlons,
A Rudlmentary Treatise on. By James Hann., A New Edition, re-
written and enlarged by Professor J. R, Youna . . . . 0
Euclid (The Elements of).

With many Additional Propositions and Explanatory Notes; to which is
prefixed an Introductory Essay on Logic. By Henry Law, CIEN:

** Sold also separately, viz:—
Euclid. The First Three Books. By Henry Law,C.E. . , . 1/6

Euclid, Books 4, s, 6, 11, 12. By HeEnky Law,CE. . _ . 1/6
Plane Trigonometry,
The Elements of. By James Hann. - p iz tarl 148

Spherical Trigonometry,
The Elements of. By JAMES HanK., Revised by CHarLeEs H. Dow-
LinG, C.E. 1/0
** Orwith *“ The Elzmenls ofl’ltmt: f7 1gaﬂometry," in One Volumz, 2,’6

leferentlal Calculus,

Elements of the. By W. S. B. WooLnousg, F.R.AS.,&. . . 1/8
Integral Calculus.

By Homersuam Cox, B.A, 3 . ; o S 3 . . /6
Algebra,

The Elements of. By James Havoon, M.A. With Appendix, containing

Miscellaneous Investigations, and a Collection of Problems ! 5 10
A Key and Companion to the Above.

An extensive Repository of Solved Exawples and Problems in Algebra.

By J. R. Young . 0 5 g ) 5 3 e . 1/6
Commercial Book- keeplng

With Commercial Phrases and Forms in Enghsh French, Italian, and

German. By James Happox, M.A. . 5 X ® . . 16
Arithmetic,

A Rudimentary Treatise on. With full Explanations of its Theoretical

Principles, and numerous Examples for Practice. For the Use of Schools

and for Self-Instruction, By) R. Youxg, late Professor of Mathematics

in Belfast College. Thirteents Edition . . . . . .
A Key to the Above.

By J. R. YounG . gl ke e gt 40 Y . 118
Equational Amthmetlc,

Applied to Questions of Intevest, Annuities, Life Assurance, and General

Commerce ; with various Tables by w hnch all Calculations may be greatly

facilitated. By W. HipsLEY L 4 3 5 = . . 1/6
Arithmetic,

Rudimentary, for the Use of Schools and Self-Instruction. By JaMmEs

Haooon, M.A. Revised by AsnaHaM ARMAN . . . . 1/6
A Key to the Above.

By AVARMAR™T © U perariislit R W Lparaal ex i hotd ol - 116
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Mathematical Instruments:
Their Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. HEATHER, M.A., of the Royal Military Academy, Weolwich,
Fourteenth Edition, Revised, with Additions, by A. T. WALMISLEY,
M.L.C.E. Original Edition in1 vol., Illustrated . . 5 . 2/0

** In ordering the above, be careful to say ‘' Original Edition,” or give the
number in the Series (32), to distinguish it from the Enlarged Edition in
3 vols. (as follows)—

Drawing and Measuring Instruments.
Including—I. Instruments employed in Geometrical and Mechanical Draw
ing, and in the Constructmn, Copying, and Measurement of Maps and
Pians. II. Instruments used for the purposes of Accurate Measurement,
and for Arithmetical Computations. By J. F. HEATHER, M.A. . 1/6

Optical Instruments.
Including (more especially) Telescopes, Microscopes, and Apparatus for
producm% copies of Maps and Pians by Photography By J. K. HEATHER
M.A ustrated . 5 . . 1 /6

Surveying and Astronomlcal Instruments.
Including—I. Instruments used for Determining the Geometrical Features
of a portion of Ground. 1I. Instruments employed in Astronomical Ob-
servations. By J. F. HEatuer, M.A, Illustrated. O o

** The above three volumes form an enlargement of the Aunthor's original work,
“ Mathematical Instruments,” price 2/Q. (Described at top of page.)

Mathematical Instruments:
Their Construction, Adjustment, Testing and Use. Comprising Drawing,
Measuring, Opncal Surveymg, and Asironomical Instruments. By J. F.
HRATHER, M.A, Enl arged Kdition, for the most part entirely re-written.
The Three Parts as above, in One thick Volume. P s 3 .

The Slide Rule, and How to Use It.
Containing full, easy, and simple Instructions to perform all Business Cal-
culations with unexampled rapidity and accuracy. By CHARLES HOARE,
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . .

Logarithms.

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical
Calculations. By Henry Law, C.E. Revised Edition . 5 . 30

Compound Interest and Annuities (Theory of).
With Tables of Logarithms for the more Difficult Computations of Interest,
Discount, Annuities, &c., in all their Applications and Uses for Mercantile
and State Purposes By FEDOR THOMAN, Paris. Fourth Edition . 4/0

Mathematical Tables,
For Trigonometrical, Astronomical, and Nautical Calculations ; to which is
prefixed a Treatise on Loganthms. By H. Law, C.E. logether with a
Series of Tables for Navigation and Nautical Astronomy. By Professor J.
R. Younc. New Edition . . 5 . . o . . . /

Mathemadtics,
As applied to the Constructive Arts. By Francis Camrin, C.E., &<,
Third Edition . . gt PR aT Sy =t 72 . bragey]

Astronomy.
By the late Rev. RoperT Main, F.R.S. Third Edition, revised and cor-
rected to the Present Time. By W. T. Lvxn, F.R.AS. . % . 2/0

Statics and Dynamics.
The Principles and Practice of. Embracing also a clear development of
Hydrostatics, Hydrodynamics, and Central Forces. By I. Baker, C.E.
Fourth Edition . % 4 b : 5 & & = 6
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BOOKS OF REFERENCE AND
MISCELLANEOUS VOLUMES.

K Dictionary of Painters, and Handbook for Picture
Amateurs.

Being a Guide for Visitors to Public and Private Picture Galleries, and for

Art-Students, including Glossary of ‘Ferms, Sketch of Principal Schools of

Painting, &c. By PriLirpE DARvL, B.A. LS 5 "

Painting Pp(?ula.rly Explained.
By T. J. GuLLick, Painter, and Joun Timss, F.S.A. Including Fresco,

O1l, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature,
Painting on Ivory, Vellum, Puttery, Enamel, Glass, &c. Sixth Edition §/0Q

A Dictionary of Terms used in Architecture, Build-
ing, Engineering, Mining, Metallurgy, Archz-
ology, the Fine Arts, &o.

By Joun WeALE. Sixth Edition. Edited by R. Hunt, F.R.S. . §/0

Music: ;

A Rudimentary and Practical Treatise. With numerous Examples. By
CHARLES CHILD SPENCER . X - & - P 16

Pianoforte,
The Art of Playing the. With numerous Exercises and Lessons. By
CHARLES CHILD SPENCER . RE" 3 st Sods,

The House Manager.
A Guide to Housckeeping, Cookery, Pickling and Preserving, Household
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine-
making, Gardening, &c. By AN OLp HOUSEKEEPER . 3/6
Manual of Domestic Medicine.
By R. Gooping, M.D. Intended as a Family Guide in all cases of
Accident and Emergency. Third Edition, carefully revised 0
Management of Health.
A Manual of Home and Personal Hygiene. By Rev. James Bairp 1/Q
Natural Philosophy,

For the Use of Beginners. By CHaRLEs TomLINSON, F.R.S. .

. .

- 1/6

The Elementary Principles of Electric Lighting.
By Aran A. CampBeLL SwinTOoN, M.INsT.C.E., M.L.E.E. Fourth
Edition, Revised . . q . . 5 o LJust Published 1/6

The Electric Telegraph,

Its History and Progress. By R. Saming, C.E., F.S.A,, &c. . . 3/0
Handbook of Field Fortification.

By Major W. W, KnoLLys, F.R.G.S. With 163 Woodcuts . . 3/0
Logic,

Pure and Applied. By S. H. Emmens. Third Edition . . . 1/6

Locke on the Human Understanding,
Selections from, With Notesby S. H. EMmmMENs . . , . 1/6

The Compendious Calculator
(Intuitive Calculatz’an%. Or Easy and Concise Methods of Performing the
various Arithmetical Operations required in C ial and B
Transactions ; together with Useful Tables, &c. By DANIEL O'GORMAN.
Twenty-seventh Edition, carefully revised by C. Norris . . . 2/6
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Measures, Weights, and Moneys of all Nations.
With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
By W. S. B. WooLnousg, F.R.A.S,, F.S.S. Seventh Edition . 2/6
Grammar of the English Tongue,
Spoken and Written. With an Introduction to the Study of Compa.ranve
Philology. By Hvpe CLarke, D.C.L. Fifth Edition. . 16
Dictionary of the English Language.

As Spoken and Written. Contammg above xoo,ooo Words. By Hypx
Crarke, D.C.L. . - . g o n 16

Complete with t}ze GRAMMAR, 5/6

Composition and Punctuation,

Familiarly Explained for those who have neglected the Study of Grammar.

By JusTiN BrRENAN. 18th Edition. . . . 5 5 . 1/6
French Grammar.

‘With Complete and Concxse Rules on the Genders of French Nouns. By

G. L. Strauss, Ph.D. G . 5 B . o q 16
English-French chtlona.ry

Comprising a large number of Terms used in Engmeenng, Munng, &e.

By ALFRED ELwES . . . . . . . 2/0
French Dictionary.

In two Parts—I. French-English. II. English- French complete /in

0

One Vol . . . 5
& "‘ Or “awith the GRAMMAR, 4/6

French and Enghsh Phrase Book.

Containing Introductory Lessons, with Translations, Vocabularies of Words,

Collection of Phrases, and Easy Familiar Dialogues . . . .
German Grammar.

Adapted for English Students, from Heyses Theoretical and Practical

Grammar, by Dr. G. L. STRAUSS A o SR RS g 16
German Triglot Dictionary.

By N. E. S. A. HamiLton. Part I. German-French-English. Part II.

English-German-French. Part III. French-German-English . . 3/0
German Triglot Dictionary.

(As above). Together with German Grammar, in One Volume . 5/0
Italian Grammar.

Arranged in Twenty Lessons, with Exercises. By Avrrep ELwes. 1/6

Italian Triglot Dictionary,

Wherein the Genders of all the Italian and French Nouns are carefully
noted down. By ALFREp ELwges. Vol. I. Italian-English-French. 2/6

Italian Triglot Dictionary.

By ALFreD ELwes, Vol. I, English-French-Italian . . . 2/6
Italian Triglot Dictionary.

By ALrrep Erwes. Vol. IIL. French-Italian-English . 3 . 26
Italian Triglot Dxctlonary.

(As above). InOneVol. . . . b g . . . Tl6

Spanish Grammar.
In a Simple and Practical Form. With Exercises. By ALFRED Eszs 1/6
Spanish-English and English-Spanish Dictionary.
Includmg a large number of Technical Terms used in Mining, Engineering,
., with the proper Accents and the Gender of every Noun. By ALFrED

B ELWES 5
*** Or with the GRAMMAR, 6/0.
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Portuguese Grammapr,
In a Simple and Practical Form With Exercises. By ALrreD ELwes 1/6

Portuguese-English and English-Portuguese Dio-
tionary.
Including a large number of Technical Terms used in Mining, Engineering,
&c., with the proper Accents and the Gender of every Noun. By ALFRED
Erwes. Third Edition, revised . h . . . . B5/0
** Or with the GRAMMAR, 7/0

Animal Physics,
Handbook of. By Dionvsivs Larpner, D.C.L. With 520 Illustrations,
In One Vol. (732 pages), cloth boards . 5 . 4 . . (5
** Sold also in Two Parts, as fbllo'w:.
ANIMAL PHstcs. By Dr. LARDNER, Part I., Chapters L.—VII. 4/0
AniMAL Puvsics. By Dr. LArpNER. Part I1., Chapters VIXI.—XVII/I.
' 3/0
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