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v ADVERTISEMENT.

buys an estate, il he would avoid disappointment and loss, must
know something of the arts, which render them appropriate, and
tenantable. He who travels abroad to instruet himself, or en-
lighten his countrymen, finds in the works of art, the most com-
manding objects of his attention and interest. He who remains
at home, and limits his ambition to the more humble object of
keeping his apartment warm, and himself comfortable, can on-
ly succeed through the instrumentality of the arts.

There has probably never been an age in which the practical
applications of science have employed so large a portion of the
talent and enterprise of the community, as in the present ; nor
one in which their cultivation has yielded such abundant re-
wards. And it is not the least of the distinctions of our own
country, to have contributed to the advancement of this branch
of improvement, by many splendid instances of inventive genius
and successful perseverance.

The importance of the subject, and the prevailing interest,
which exists in regard to the arts and their practical influences,
appear to me to have created a want, not yet provided for, in
our courses of clementary education. Information on these
subjects is scattered through the larger works on mechanies,
on chemistry, mineralogy, engincering, architecture, domestic
economy, the fine arts, &ec., so that it rarely happens that a
student in any of our colleges gathers information enough to
understand the common technical terms which he meets with in
a modern book of travels, or periodical work. It is only by
making the elements of the arts themselves, subjects of direct
attention, that this deficiency is likely to be supplied.

To embody, as far as possible, the various topies which be-
long to such an undertaking, I have adopted the general name
of Technology, a word sufficiently expressive, which is found
in some of the older dictionaries, and is beginning to be revived

in the literature of practical men at the present day. Under
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this title it is attempted to include such an account as the limits
of the volume permit, of the principles, processes, and nomen-
clatures of the more conspicuous arts, particularly those which
involve applications of science, and which may be considered
useful, by promoting the benefit of society, together with the
emolument of those who pursue them.

In preparing for the press the lectures on which this work is
founded, some variations from the original form have been made,
together with such additions as my leisure {rom professional en-
gagements has permitted. In doing this, occasional use has
been made of the works of Robison, Young, Tredgold, and sev-
eral of the late chemical writers. But as the present elemen-
tary volume is composed for the instruction of the uninitiated,
rather than for the perfection of adepts, it has been found ne-
cessary to condense and to endeavor to render intelligible the
subjects of consideration, rather than to dilate them by minute
expositions and details. For the use of those students, who
may wish to extend their inquiries in reference to any of the
particular subjects, a list of some of the more prominent authors,
and works of value, that treat upon the several subjects, is sub-
joined at the end of each chapter. Among some of these works,
the authorities for the facts stated in the preceding chapters,
will in most instances be found.

For the convenience of seminaries which may make use of
this work, the wood cuts and diagrams which are interspersed

with the text, are reprinted at the end of the volume.
J. B.
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2 INTRODUCTION.

to construct a watch, or to paint a picture, are all operations of
art; yet they all have their foundation in a certain acquaint-
ance with mathematical rules, and principles of natural philos-
ophy. Those artists, who work with a thorough knowledge of
principles, we are accustomed to denominate scientific; while
those who experiment at random, or who blindly copy the re-
sults of others, we consider empirical. Thus it appears that an
intimate connexion and dependence exists between sciences
and arts, and it follows that the claim which they offer to our
attention is in a great measure of the same kind. Of the lat-
ter, as well as the former, we already require some, as branch-
es of a common education; while of the rest there are few
which may not be advantageously studied, either as affording
exercise for talents, discipline for taste, or practical advantage
in the common concerns of life.

The connexion of the arts with the sciences is more com-
mon and obvious in modern times, than it was in the days of
antiquity. During the process of civilization, or the whole
period which elapses between barbarism and complete refine-
ment, the arts have uniformly taken precedence both of sci-
ence and literature. Rude nations commence the improve-
ment of their state, by an attention to agriculture, to building,
to navigation, and to sculpture. 'I'he want of an acquaintance
with the real or scientific principles of these arts, obliges them
to substitute the effects of manual labor and dexterity, for sci-
entific method ; and hence the paths in which they excel, have
been usually of a different character from those of people
whose knowledge and resources are greater. The ancients,
who were but recently descended from barbarians, were obliged
to make the most of small means, because the stock of pre-
vious or common information, from which they could draw,
was extremely limited. The moderns have the accumulated
learning of ages before them, and have only to select and ap-
ply their agents from among a multitude of means already
discovered. The qualities, hy which the former arrived
at excellence, were more or less concentrated in individuals ;



INTRODUCTION. 3

while with us the means of excellence are recorded in books,
and are at the disposal of communities. They possessed
the quick eye, the expert hand, acute taste and unwea-
ried industry. For these we substitute preparatory sci-
ence, economical computation, and mechanical power. ‘Their
processes differed from ours, as the process of the sav-
age who fashions and polishes his war-club, by the truth
of his eye, and the patience and dexterity of his hand;
differs from that of the civilized mechanic, who turns the
game kind of thing, in a lathe, which another man has in-
vented for him, in a hundredth part of the time. The ancients
were prodigal of means, and lavished men and treasures when
any great work was to be accomplished. 'The moderns save
expense, and labor, and time in everything. The economy
of the ancients consisted in diminishing their personal wants;
owrs, in devising cheap means to gratify them. 'They pre-
pared their soldiers for war by inuring them to hunger and
fatigue ; we, by keeping them well fed and clothed. Their
stateliest edifices were destitute of chimnies and glass win-
dows, yet when left to themselves, they have stood for thou-
sands of years. Ours abound in the means of making their
present tenants comfortable, but are often built too cheaply to
be durable. "They conveyed water to their cities in immense
horizontal channels supported on arcades of prodigious eleva-
tion. We convey it over mountains and under vallies in hy-
draulic pipes of the most irivial size. ‘Wherever art could pre-
cede philosophy, the ancients have exhibited the grandest
productions of genius and strength ; but, in the application of
philosophy to the arts, the moderns have achieved what neither
genius nor strength, unassisted, could have performed. The
imitative arts, and those which required only boldness and
beauty of design, or perseverance in execution, were car-
ried in antiquity to the most signal perfection. Their sculp-
ture has been the admiration of subsequent ages, and their ar-
chitecture has furnished models which we now strive to imi-
tate, but do not pretend to excel. We might, if this were the
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place, add their poetry, and their oratory, to the list of arts
which flourished in perfection during the youthfulness of intel-
lectual eultivation. But in modern times there is a maturity,
a cautiousness, a habit of induction, which is founded on the
advanced state of philosophic knowledge. Our arts have
been the arts of science, built up from an acquaintance with
principles, and with the relations of cause and effect. Wit
less bodily strength, and probably with not more vigorous in-
telleets, we have acquired a dominion over the physical and
moral world, which nothing but the aid of philosophy could
have enabled us toestablish. We convert natural agents into
ministers of our pleasure and power, and supply our deficien-
cies of personal force by the application of acquired knowledge.
Among us, to be secure, it is not necessary that a man should
be powerful and alert; for even where laws fail, the weak
take rank with the strong, because the weakest man may arm
himself with the most formidable means of defence. The la-
hor of a hundred artificers is now performed by the operations
of a single machine. We traverse the ocean in security, be-
cause the arts have furnished us a more unfailing guide than
the stars. We accomplish what the ancients only dreamt of
in their fables; we ascend above the clouds, and penetrate in-
to the abysses of the ocean.

The application of philosophy to the arts is a more fruitful
theme, than can well be condensed into a limited work, or
course of instruction. While it comprises some of the sources
even of ancient refinement, it includes a great part of the
grounds of modern superiority. "The application of philosophy
to the aris may be said to have made the world what it
is at the present day. It has not only affected the physical,
but has changed the moral and political condition of society.
The invention of the printing press, dispersed the darkness of
the middle ages, and carried truth and knowledge to every
portion of the world. 'T'he artificial combination of sulphur,
nitre, and charcoal, has revolutionized the customs and the arts
of war, and even in military life, has given the mind the ad-
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vantage over the body. The moderns have imparted magnet-
ism to a piece of steel, and suspended it on a pivot; and what
has been the consequence? It has opened to them a path
across unknown seas, and has disclosed a new continent to
the inhabitants of the old, a successor to their arts and their
power. It has developed the wealth of unknown islands, has
brought the remotest countries together, and has made the
ocean the resort and support of multitudes. Let any one, who
would know what modern arts have accomplished, compare
the repeating watch, and the unerring chronometer of the
present day, with the rude sun-dial and clepsydra of the an-
cients. Let him consider the multiplied advantages which
attend the invention of glass, which has enabled us to com-
bine light with warmth in our houses; which has given sight
to the aged, which has opened the heavens to the astronomer,
and the wonders of microscopic life to the naturalist, Let him
attend to the complicated engines and machinery, which are
now introduced into almost every manufacturing process, and
which render the physical laws of inert matter a substitute for
human strength. :
But it is not the contrast with antiquity alone, that enables
us to appreciate the benefits which modern arts confer. In
the present inventive age, even short periods of time bring with
them momentous changes. FEvery generation takes up the
march of improvement where its predecessors had stopped, and
every generation leaves to its suecessors an increased circle of
advantages and acquisitions. ‘Within the memery of many
who are now upon the stage, new arts have sprung up, and
practical inventions, with dependent sciences; bringing with
them consequences which have diverted the indusiry, and
changed the aspect of civilized countries. The aungmented
means of public comfort and of individual luxury, the expense
abridged and the labor superseded, have been such, that we
could not return to the state of knowledge which existed even
fifty or sixty years ago, without suffering both intellectual and
physical degradation. At that time, philosophy was far distant
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from its present mature state, and the arts which minister to
national wealth were in comparative infancy. No man then
knew the composition of the atmosphere, or of the ocean.
The beautiful and intricate machinery, which weaves the fa-
bric of our clothing, was not even in existence. When George
TI1. visited the works of Messrs Boulton and Watt, at Birming-
ham, and was told that they were manufacturing an article of
which kings were fond, and that that article was power ; he
was struck with the force and disadvantageousness of the com-
parison. Yet the steam engine had not then been launched up-
on the ocean, and had developed only half its energies.

So long as the arts continue to exert the influence, and to
yield the rewards, which they have hitherto done, there will
be no want of competent minds and hands, to carry forward
their advancement. With their increasing consequence, there
must also be an inereasing attention to their study and dissem-
ination. Curiosity keeps pace with the interest and magni-
tude of its objects. And unless the character of the present
age is greatly mistaken, the time may be anticipated as near,
when a knowledge of the elements and language of the arts
will be as essentially requisite to a good education, as the exist-
ence of the same arts is to the present elevated condition of
society.
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to crack and seale. Great heat reduces it to quicklime. Mar-
ble is wrought by chiseling, and by sawing with smooth plates
of iron, with sand and water. It is polished by rubbing with
sand and water, and afterwards with putty and soft sub-
stances.

Numerous stones of the calcareous class, more or less ap-
proaching to marble in their character, have been converted to
use in different countries. The Pyramids of Egypt are built
of a greyish white calcareous stone, inclosing shells.” The
Parthenon, and other structures of Athens, are of Pentelic
marble, distinguished by slight greenish veins. The mosques
of Constantinople are of a fine grained limestone from Pappen-
heim, the same which is now used in lithography. At Rome,
a porous whitish limestone, called top/us by the ancients, and
travertino by the moderns, is the material of the Coliseum, of
St Peter’s church, &c. The ruins of Pestum are of a stone
nearly similar. The building called the Tomb of Theodoric,
at Ravenna, has a dome consisting of a single stone, which is
thirtyfour feet in diameter. It is a grey limestone from Istria,
and is computed to have weighed, when taken from the quar-
ry, more than two million pounds.t  Paris is built with cal-
careous stone, of which there are five kinds. The Portland
stone of which St Paul's and other edifices in London are
constructed, is a calcareous rock called Oolife by mineralogists,
Specimens of marble abound in the United States, and are
seen in the City Hall of New York, the United States and
Pennsylvania Banks, Philadelphia, the Washington Monu-
ment, Baltimore, &e.

In statuary, the Venus de Medicis, and Diana venatrix, are
formed of Parian marble. The Apollo de Belvidere, accord-
ing to Dolomieu, is made of Luni marble; and if so, must
be posterior to the time of Julius Ceesar, before which period
that quarry was not opened.

G'ranite—Granite is apparently the oldest and the deepest
of rocks. It is one of the hardest and most durable which

* Brard. t Borgnis.
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have been wrought, and is obtained in larger pieces than any
other rock., Granite is a compound stone, varying in color
and coarseness, It consists of three constituent parts; viz.
guartz, the material of rock crystal ; feldspar, which gives
its colors, and which is the material of porcelain earth ; and
lastly miea, a transparent, thin, or foliated substance, which
affords a flexible substitute for glass, when obtained in large
pieces. Granite is chiefly used for building. Tt is split from
the quarries by rows of iron wedges driven simultaneously in
the direction of the intended fissure. 'This method is thought
by Brard to have been known to the ancient Romans and
Egyptians. 'T'he blocks are afterwards hewn to a plane sur-
face by strokes of a sharp-edged hammer. Granite is also
chiselled into capitals and decorative objects ; but this operation
ig difficult, owing to its hardness and brittleness. 1t is polish-
ed by long continued friction, with sand and emery.

T'he largest mass of granite, known to have been transport-
ed in modern times, is the pedestal of the equestrian statue of
Peter the Great, at St Petersburgh. It is computed to weigh
three million pounds, and was transported nine leagues by roll-
ing it on cannon balls.* Those of cast-iron being crushed,
others of bronze were substituted.  Sixty granite columns at St
Petersburgh consist each of a single stone twenty feet high.
The columns in the portico of the Pantheon at Rome, which
are thirtysix feet eight inches high, are also of granite.t The
shaft of Pompey’s Pillar, so called,f in Egypt, is sixtythree
feet in height, and of a single piece. It is said to be of red
granite, but is possibly sienite. In the Eastern part of the
United States, a beautiful white granite is found in various
places, and is now introduced in building. The new Market
House in Boston, the United States Bank, &ec. are made of it.

* Carburi. t Rondelst.

{The inscription on this pillar is said by the Earl of Mountnorris, in
Brande's Journal, to belong to Dioclesian, and not to Pompey, as was
formerly supposed.

2
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Sienite—This rock is related to granite, and resembles it
in its general characters. It consists chiefly of feldspar and
hornblende. Sienite is obtained in large pieces, and possesses
all the valuable properties of granite; but being harder, it is
somewhat more difficult to chisel. It is found in Egypt, and
constitutes the material of many of the obelisks. 'The Romans
imported it from that country. Sienite iz found abundantly
near Boston, and is introduced into many structures. The
Washington Bank and the Bunker Hill Monument consist
entirely of this stone. Its extreme hardnessrenders it one of
the best materials for M’Adam roads. A railway is built at
Quincy for transporting the stone from the quarry to the sea,
and the name of Quiney Stone is now commonly applied to it.

Freestone.—Freestone consists of sand, or siliceous parti-
cles, united by a cement. It is also called sandstone. It va-
ries in color, from greyish white to red and dark brown. Itis
of moderate hardness, in general, and easily wrought by the
chisel. Varieties of freestone are used in building in different
parts of Europe. In Africa, the temple of Hermopolis is com-
posed of enormous masses of this stone. In America, the
Capitol at Washington is of the Potomac freestone, likewise
the fagade of St Paul’s Church in Boston.  This stone is used
for various other practical purposes, particularly the grinding
of steel instruments, and the filtering of water.

Slate.—Slates are valuable for the property of splitting in
one direction, so as to afford large fragments which are perfect-
ly flat and thin. The best slates are those which are even,
compact, and sonorous ; and which absorb the least water on
being immersed. Slates are much used as an incombustible
covering for the roofs of houses. Tablets, gravestones, and
writing slates, are also formed from them.”

*Various artificial compositions have been employed as substitutes for
glate, in forming waterproof coverings for roofs. One of these, which ap-
pears to have been suceessfully used in the north of Europe, is formed of
bolar earth, chalk, glue, pulp of paper, and linseed oil. Frankiin Journal,
iv. 89.
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Soapstone~This stone is usually of a greyish color, mode-
rately =oft, and having an unctuous feel, which is compared to
that of soap. It is remarkable for bearing heat, and sudden
changes of temperature, without injury.. It receives a tolera-
ble polish.  Soapstone, on account of its sofiness, is wrought
with the same tools as wood. Tt is sometimes used in build-
ing, but is not always durable. It is, however, of great impor-
tance in the construction of fireplaces and stoves, and is exten-
sively used for this purpose. Slabs of good soapstone, when
not exposed to mechanical injury, frequently last eight or ten
years, under the influence of a common fire on one side, and
of cold air on the other. Tt grows harder in the fire, but does
not readily crack, nor change its dimension sufficiently to af-
fect its usefulness. Owing to the facility with which it is
wrought, its joints may be made sufliciently tight without de-
pendence on cement. Among the best quarries for fire-proof
stone, is that of Francestown, New Hampshire. Soapstone iz
manufactured into various vessels and utensils, and is advan-
tageously employed for aqueducts. It is lately found to be one
of the best materials for counteracting friction in machinery,
for which purpose it is used in powder mixed with oil.

Serpentine.—Serpentine is a smooth, compact stone, more
or less of a greenish color, composed chiefly of magnesia and si-
lex. It is sufficiently soft to be scratched with a knife, and
receives a polish like that of marble. 1t is used in building, in
Florence and other parts of Italy, and, in Saxony, is wrought
into many small articles of ornament. -

Gypsum—Gypsum, called in commerce Plaster of Pa-
ris, is a sulphate of lime, of which there are many varieties.
When dried by heat, ground to fine powder, and mixed with
water, it has the property of becoming hard in a few minutes,
and of receiving accurately the impression of the most delicate
moulds. It is extensively employed for stuceo working, and
plastering of rooms. It furnishes a delicate, white, and smooth
material for casts of statues, architectural models, impressions of
seals, &c. Inthe art of stereotyping, it is indispensable. It is
used in agriculture to fertilize certain soils.
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Alabaster —~Under this name, two substances are known
in commerce. One is a carbonate of lime, deposited by the
dripping of water in stalactitic caves. The other, and the
most common, is a compact gypsum. This is softer than
marble, translucent, and susceptible of a fine polish. Many
beautiful ornaments, such as vases, statues, shades for lights,
d&e., are made from it.  As alabaster of the last species is sol-
uble in five hundred parts of water, Mr Moore has proposed
an easy method of cleansing it, by immersing it for about ten
minutes in water, and afterwards rubbing it with a brush dip-
ped in dry, powdered plaster.

Chall.—Chalk is a soft carbonate of lime, the properties of
which are well known. It is used as the basis of various
white pigments, and cementing substances. Common whifing
is purified chalk, prepared by reducing the chalk to fine pow-
der and agitating it with water. The sand and coarser parti-
cles first subside, after which the water is drawn off and the
whiting suffered to deposit itself. Chalk by calcination fur-
nishes excellent lime.

Fluor Spar.—This is a fluate of lime. The variety chief-
ly used is the Derbyshire spar, which is beautifully variegat-
ed with purple and other colors. Ornamental objects and
utensils are made from it. Its acid, when disengaged, is
sometimes used to corrode glass,

Flint—Flint iz found in roundish masses, and is composed
almost wholly of silex. TIts extreme hardness causes it to
strike fire readily with steel, from which property its greatest
pse is derived. Gun-flints are formed by practised workmen,
who break them out with a hammer, a roller, and steel chisel,
with small repeated blows. Flints are used also in the man-
ufactures of glass, porcelain, and Wedgewood’s ware. For
this purpose, they are reduced to fine powder by heating red
hot and plunging them in water; afterwards by pounding,
gifting, and washing. Flints are broken up to form M’Adam
roads.

Porphyry.—Porphyry is a variegated stone, consisting of
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small erystals of feldspar or quartz, imbedded in a basis of a
darker color. It receives a beautiful polish, but its extreme
hardness renders it difficult to work. The ancients made
columns and even statues of this material ; but the moderns
confine its use chiefly to smaller works, such as vases, boxes,
mortars, &ec.

Bulirstone—"This is a hard, siliceous stone, remarkable for
its cellular structure ; containing always a greater or less num-
ber of irregular cavities. Hence its surface, however worn and
levelled, is always rough. This property renders buhrstone
an invaluable material for mill-stones.  When it is not found of
sufficient size for this use, small pieces of it are fitted together,
cemented, and bound with an iron hoop. It is imported from
France, and is also found in some localities in the United
States.

Novaculite—This stone iz commonly known under the
names of fione, T'wrkey oilstone, &e. It is of a slaty struc-
ture, and owes its power of whetting or sharpening steel in-
struments, to the fine siliceous particles which it contains.
Various other stones are used as whetstones, such as common
glate, mica slate, freestone, &ec.

Precious Stones.—These are better known as objects of
luxury, than of use; yet their preparation gives rise to an ex-
tensive branch of industry. They are in general distinguish-
ed for their small size, and great brilliancy, permanency, and
hardness. The latter quality renders them useful in the arts.
The diamond is generally employed for cutting sheets of glass.
The diamond, raby, sapphire, and some others, are used by
watchmakers for pivot holes to diminish the friction of their
verges and axles. These stones are wrought by grinding
them with emery and other hard powders. "The diamond can
only be cut with its own dust. Various hard, siliceous stones
of less value, as the carnelian, jasper, agate, &c., are used by
lapidaries for engraving seals, cameos, and other objects of or-
nament.

Emery.—The best emery is a variety of the corundum
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stone, obtained chiefly from the island of Naxos, in the Archi-
pelago.  Several other substances, however, are sold under this
name. FEinery is the hardest of all known substances, except
the diamond, and its powder is extensively used in grinding
and polishing metals, stones, and glass. It is reduced to pow-
der by grinding it in a steel mill, and is afterwards assorted
into parcels of different fineness, by agitating it with water,
and separating the particles which deposit themselves at differ-
ent times ; the finest particles being the last which subside.

Sand.—Sand of the best quality, is that which consists of
particles of pure quartz, and such only is used in the manu-
facture of fine glass. It is found in various localities, but is
most commonly procured, in this country, from the banks of
the Delaware. Impure sand answers only for bottles and in-
ferior glass.  For mechanical purposes, such as grinding glass
and marble, sharp sand, the particles of which are angular, is
best. T'hesand used for moulds, by brass founders, possesses
a somewhat argillaceous character, sufficient to render it mod-
erately cohesive when wet, in consequence of which quality it
retains its shape. The sand used in mortar should be sharp,
and free from all perishable or deliquescent ingredients.

Pumnice.—This is a spongy, porous stone, of a fibrous tex-
ture, and so light as often to swim in water. It is considered
to be of volcanic origin. It is employed to grind the surface
of metals, and other minerals. On account of its lightness, it
is sometimes used to construct domes, vaults, and other elevat-
ed parts of buildings. The dome of the mosque of St Sophia,
at Constantinople, is said to be of this material.

T'ufa.—This name is applied to a number of volcanic pro-
ductions, some of which are aggregates of sand, ashes and
fragments of scoria and lava united by a cement. The tufa
which is found about Rome is of a reddish color, and is suppos-
ed to be the lapides rubri of Vitruvius. Its surface is easily
decomposed by the atmosphere, yet some of the ancient Ro-
man temples and aqueducts are built of it, and among others the
temple of Fortuna virilis,
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Peperino—The lapis albanus of the ancients, now called
peperino, appears to be a kind of tufa, or concretion of voleanie
ashes, but somewhat more solid and durable than the other
kinds. It is the material of some of the ancient Roman struc-
tures, and is found in the forum of Nerva and the temple of
Antoninus and Faustina.

Tripoli.—This mineral resembles certain clays, but is
rough and friable, and does not form a paste with water. It
possesses a fine hard grit, and is used to polish metals and
stones. Common rotten stone and polishing slate are vari-
eties of tripoli. :

Clay.—This abundant and useful earth is composed prin-
cipally of alumine and silex. It possesses the valuable pro-
perty of forming, when wet, a ductile and tenacious paste,
which is changed by heat to a stony hardness. Common clay,
of which bricks and coarse potter's ware are made, contains
oxide of iron, which causes it to turn red in burning, The
purer sorts, such as pipe clay, become whiter when exposed to
a high heat. The earthy smell, which clays emit when
breathed upon, appears also to be owing to oxide of iron.  Ab-
solutely pure clays emit no smell.  Refractory clays are those
which endure the greatest heat without melting. The best
fire-proof bricks and crucibles are made from slate clay, and
contain a good deal of sand. Sometimes they are made of
old materials, which have been hefore exposed to high heat,
pounded up and mixed with fresh clay. A mixture of two
parts of Stourbridge clay and one part of coke, has been found
very refractory.

Asbestus.— Asbestus is a mineral of a fibrous structure. One
of its varieties, called Amianthus, is composed of very delicate,
flexible filaments, resembling fibres of silk. It has been man-
ufactured into cloth and paper, which possess the property of
being incombustible. It is difficult, however, to find fibres of
sufficient length and firmness, to produce objects of any great
use. It is sometimes mixed with clay in pottery, to increase
its strength. It has also been used for the packing of steam
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engines which are of high pressure, or in which steam is used
at an elevated temperature.

CremenTs.— Limestone.—The substances made use of for
the uniting medium between bricks or stones in building, are
denominated cements. The calcareous cements, composed of
a mixture of lime, sand, and water; in consequence of the
facility with which they pass from a soft state to a stony
hardness, have in common use superseded all others. Lime
in the state of quicklime, is obtained by burning in kilns, any
of those natural bodies, in which it exists in combination with
carbonie acid ; such as limestone, marbles, challe, and shells.
The effect of the burning, or calcination, is to drive off the
carbonic acid. If quicklime, thus obtained, be wet with water,
it instantly swells and cracks, becomes exceedingly hot, and
at length falls into a white, soft, impalpable powder. This
process is denominated the slaking of the lime. The com-
pound formed is called a hydrate of lime, and consists of about
three parts of lime to one of water. When intended for mor-
tar, it should immediately be incorporated with sand, and used
without delay, before it imbibes carbonic acid anew from the
atmosphere. Lime, thus mixed with sand, becomes harder
and more cohesive and durable, than if it were used alone. It
is found that the sand used in common mortar, undergoes lit-
tle or no change ; while the lime, seemingly by crystalization,
adheres to its particles, and unites them together.® Cements
composed in this manner continue to increase in strength and
solidity for an indefinite period, the hydrate of lime being grad-
ually converted into a carbonate. The sand most proper to
form mortar, is that which is wholly siliceous, and which is
sharp, that is, not having its partieles rounded by attrition.

Frresh sand is to be preferred to that taken from the vicinity
of the sea shore, the salt of which is liable to deliquesce and
weaken the strength of the mortar. The proportions of the
lime and sand to each other, are varied in different places ; the
amount of sand, however, always exceeds that of the lime,

® Bee Brard and Vicat on this subject.
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it forms a mass of great tenacity, which in a short time con-
cretes to a stony hardness, not only in the air, but likewise
when wholly immersed in water.

Tarras.—A substance denominated tarras, terras, or trasa,
found near Andernach in the vicinity of the Rhine, has been dis-
covered to possess the same property with puzzolana, of forming
a durable water cement, when combined with lime. = It is said
to be a kind of decomposed basalt, but resembles puzzolana.
It is the material which has been principally employed by the
Dutch, whose aquatic structures probably exceed those of any
other nation in Europe. Tarras mortar, though very durable
in water, is inferior to the more common kinds, when exposed
to the open air.

Gither Cements.-—It has been found that various other sub-
stances, such as baked clay reduced to powder, or the common
greenstone calcined and pulverized, afford the basis of very
tolerable water cements, with lime. Some of the ores of man-
ganese are also useful for the same purpose.

There are some limestones which have the property of form-
ing water cements when caleined and mixed with simple sand
and water. This is usually in consequence of these stones
containing a certain portion of argillaceous earth, united with
the lime. A water cement found in New York, was used in
constructing the locks of the great canal in that State.  Anoth-
er hydraulic cement, containing lime, silex, and alumine, has
been found and applied to use in the Union Canal of Pennsyl-
vania.*

The cause by which these compounds become hard under
water, is not satisfactorily known. It has been supposed, how-

* M. Berthier states that with one part of common clay and two parts
and a half of chalk, a very good hydraulic lime may be made. He con-
cludes from many experiments, that a limestone containing six per rent.,
of clay, affords a mortar perceptibly hydraulic. Lime containing from
fifteen to twenty per cent., is very hydraulic, and with from twentyfive to
thirty per cent., it sets almost instantly.

According to M. Bruyere, an excellent artificial puzzolana may be form-
ed by heating together three parts of clay, and one part of slaked lime, for
some hours, to redness.
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ever, and not without reason, that the great attraction for mois-
ture existing in certain argillaceous earths, causes them to ab-
sorbimmediately the superabundant moisture from the lime, and
thus to expedite its solidification. T'his explanation is render-
ed more probable, by the faet, that burnt clays, which form
good hydraulic cements ; cease to do so, if the burning is car-
ried so far as to vitrify them.*

Maltha.—'The name of maltha, or mastich, is given to
those cements into which animal and vegetable substances en-
ter, such as oil, milk, mucilage, &c. Some of these mixtures
have afforded, hoth to the ancients and moderns, cements of
great hardness and permanency, but they are not much used.

Merars.—ZFron.—Of all the metals, iron is the most useful,
and one of the most abundantly diffused. Besides its common
occurrence in earths and rocks, it is held in solution by mine-
ral waters, it enters largely into the composition of meteoric
stones, and it circulates in the blood of animals, and the sap of
vegetables.  Pure iron is of a bluish white color, of great hard-
ness, malleable, ductile, and tenacious. For its fusion, it re-
quires an intensely high temperature, equal to one hundred

* M. Vieat, who has experimented extensively upon the subject, has
arrived at the conclusion, that the solidifieation of hydraulic eements form-
ed of ordinary mortar, and calcined clays, is the result of a true chemieal
combination, in which the lime is neutralized by the silica and alumina.
But in those formed of hydraulic lime and pure sand, the solidification does
not appear to result from chemieal combination.

Clays which by slight calcination become good hydraulic cements, have
also the same property, though in a less degree, in their natural state. It
has been asserted, by M. Treussart, that the free access of air doring the
caleination of argillaceons cements, is of great consequence to the tenacity
of the mortar and the quickness with which it hardens. To determine
whether a stone will furnish hydraulic lime, M. Vicat recommends to cal-
cine it by heat, then to slake it in the common way, and make a paste of it,
which is to be placed at the bottom of a vessel of pure water. If at the
end of eight or ten days it has become hard, and resists the finger, it will
furnish hydraulic lime ; but if it remains soft, it has the character of eom-
mon lime.

~ See Brande’s Journal, vol. x, p. 407.—vol. xix, 320.—vol. xx, 50.—vaol.
xxii, 214. Also Franklin Journal, ii, 371 and 257 —iii, 305, 355.
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imals from attaching themselves to the hottoms of coppered
ships.  Copper forms many valnable alloys, among which are
brass, which consists of copper and zine, and bronze, which
is made of copper and tin. [Its chemical compounds furnish
verdigris, blue vitriol, &e. It is wrought by the same modes
as iron, but is more easily malleable than that metal when cold.

Lead.—Lead has a light bluish color, with a bright lustre
which becomes quickly tarnished on exposure tothe air. It is
soft, heavy, very malleable, and melts at six hundred degrees
of Fahrenheit’s thermometer. By exposure to the heat of a
farnace, it is converted into a red oxide. Lead is used for the
covering of roofs, for aqueducts, for lining ecisterns and tight
cavities, for weights, bullets, and shot. Some of its alloys are
very valuable, such as pewter, type metal, &e.  Its oxides and
salts afford paints of different colors, and of great use. Lead
is deleterious in its influence on health, and requires great
caution in those who work it, or use it, in any other than the
metallic state. Tnjury is most frequently received, by inhaling
the dust which rises in the manufactories of red and white
lead. 1In leaden aqueducts a carbonate of lead occasionally
forms ; but this is insoluble in water, and subsides by its
weight.

T'in.—T'in is a white metal, somewhat harder than lead,
and producing a peculiar crackling sound when it is bent. It
is very malleable, and is beaten for tinfoil into leaves To55 part
of an inch in thickness. Its ductility and tenacity are not
great. Tin is very fusible, melting at about four hundred
and fortytwo degrees of Fahrenheit’s thermoneter., Exposed
to the atmosphere, its surface becomes slightly tarnished, but
undergoes no further change. On this account jt 18 largely
employed for coating other metals, which are more liable to
oxidation. Copper vessels are lined with it, as already staied.
Tin plates are sheets of iron coated with tin. Tinfoil with
mercury forms the silvering of looking glasses. Block tin is
used to form vessels not intended for exposure to heat. Some
of the salts of tin are very valuable in dyeing. The putty
used for polishing glass, stones, and metals, is an oxide of
lead and tin.
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Mercury.—Mercury, or quicksilver, is fluid at common
temperatures, and on this account is used in many philosophi-
cal and chemical instruments.  Attempts have been made to
introduce it in certain forms of the steam engine ; but it is eb-
jectionable for this purpose, from its tendency to combine with
oxygen, and from the unhealthiness of its use to persons occu-
pied about it. Mercury is employed in silvering mirrors, and
large quantities are consumed in extracting silver and gold
from their ores. TIts alloys with other metals are called amal-
gams. Tt amalgamates readily with gold, silver, tin, lead,
and zinc; difficultly with copper and antimony, and scarcely
at all with iron and platina.

Gold.—The value derived from its scarcity, prevents the
extensive use of gold in the arts. The power with which it
resists tarnishing, and all changes from exposure to air and
moisture, renders it desirable for many purposes, and has giv-
en rise to the art of gilding. The gold leaf used in gilding is
often not more than 554555 part of an inch thick, owing to
the extreme malleability of the metal.  Gold is used in coining,
in jewelry, and in coloring porcelain.

" Silver—Silver possesses the same valuable properties as
gold, but is more liable to tarnish, especially when exposed to
sulphurous vapors, which convert its surface into a sulphuret.
Silver is very ductile, but less so than gold, and the leaves in-
to which it is hammered, are usually three times thicker than
those of gold. Its uses are well known,

Platinum.—Platinum is the heaviest substance at present
known, its weight being twentyone times and a half, that of
water. Like gold, it resists tarnishing from oxidation by the
air, and it is furthermore capable of resisting an extremely
high temperature without melting. It is very malleable, ap-
proaches to iron in hardness, and like that metal, may be weld-
ed when hot. It is used for small crucibles, and philosophical
instruments.

Zine—Zinc or spelter is a bluish white metal, imperfectly
malleable and ductile, but rendered more so by a heat some-
what above that of boiling water. It melis below a red heat,
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at seven hundred degrees of Fahrenheit. When ignited it
burns with a white flame, throwing ofl' an oxide called flow-
ers of zine. Zinc is used as a constituent in brass, and in
some other alloys. It is an important material in galvanic
combinations. It is easily oxidated, and therefore unfit for
purposes which require durability.

Antimony.—Antimony is a brittle, whitish metal of a plated
or scaly texture. It is tarnished, but not otherwise altered
by exposure to the air. In type founderies it is much used to
give hardness to lead, in the alloy called type metal.

Bismuth—Bismuth is a metal of a reddish white color
and brittle consistence, not readily oxidated by the air. It is
very fusible, requiring little more heat than tin to melt it. It
enters into various alloys, one of which is the fusible metal,
composed of eight parts of bismauth, five of tin, and three of lead,
which melts at a heat less than that of boiling water.

Arsenic—Arsenic in its metallic state is of a bluish white
color, easily tarnishing, brittle, and volatile at a low heat. In
the state of acid, called white arsenie, it is well known as a
violent poison. Arsenic is used in the manufactures of glass,
and of shot, and furnishes the basis of several brilliant pig-
ments.

Manganese.—Manganese is a metal of a dull whitish color,
brittle, extremely difficult to melt, and speedily turning to a
dark oxide in the air. The native black oxide of this metal
is of great use to chemists in furnishing oxygen. In the arts,
it is employed in bleaching, pottery, and glass making.

COMBUSTIBLE SUBSTANCES, &¢.— Bitumen—This is an
inflammable mineral substance, resembling tar or pitch in its
properties and uses. Among different bituminous substances,
the names naphtha, and petrolewm, have been given to those
which are fluid ; saltha, to that which has the consistence of
pitch, and asphaltum, to that which is solid.

Amber—Amber is a yellowish, translucent, inflammable
mineral, hard enough to receive a fine polish, capable of be-
ing wrought into various ornamental articles, and forming an
ingredient in some varnishes and lacquers.
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Coal.—This well known combustible is composed essential-
ly of carbon, with a proportion, greater or less, of bitumen, a
little sulphur, and a remainder of earthy and incombustible
matter. True coal burns with a white flame, a black smoke,
and bituminous odor. Some kinds, as the Cannel coal, burn
readily, with a large flame, and without softening or concret-
ing. Others, as the Newecastle, Liverpool, and Orrel, con-
crete, or cake, during combustion, and last longer. The poor-
er coals have usually a large admixture of foreign and incom-
bustible substances. Coal is of great value as a fuel, both in
the arts, and for domestic purposes.  As it contains more com-
bustible matter in a given volume, than wood, it is capable of
evolving and sustaining more heat than that fuel, within the
same furnace, or other cavity. When coal iz exposed to heat,
but prevented from burning, by the exclusion of the air, it
loses its moisture and bituminovs portion, and is converted in-
to coke, a fuel bearing the same relation to coal, as charcoal to
wood. Coal has of late years been usefully applied to the pro-
duction of inflimmable gas, for the purposes of illumina-
tion.

Anthracite—This combustible, of which the Lehigh,
Schuylkil, and Rhode Island coal are specimens, is harder,
heavier, and less black, than the true, or bituminous coals.
It burns slowly, without smoke, and with a faint flame.
It is more difficult to kindle than most fuels, owing to its great-
er conducting power, and the high temperature necessary for
its combustion ; but when once on fire it produces an intense
and lasting heat. It is more durable than the bituminous
coals, but requires to be hurnt in masses large enough to sus-
tain a high temperature.  Anthracite has now become a com-
mon fuel in many parts of the United States, and is highly
valuable both for domestic and manufacturing purposes. It is
burnt in various furnaces, forges, stoves, and grates constructed
for the purpose. In iron works it is found to occasion less ox-
idation and scaling of the metal, than other fuel. Buat in re-
verberating furnaces, where a blaze is required, it does not an-
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stices filled with cellular substance. In the common trees of
temperate climates, these vessels are arranged in concentric
layers or cylinders ; one layer being added for each year of
the tree’s growth. The outer layers, being those which trans-
mit the sap, are more porous, soft and perishable, and are
known by the name of alburnum or sap wood. The inner
layers are commonly darker colored, more solid, compact, and
durable ; and are known by the name of Aheart wood. The
heart wood is preferred for most purposes in the arts, its ves-
sels having beconme in part obliterated by age, and its density
and strength increased. Boards are least liable to warp when
they are cut through the centre or pith of the trunk. All
wood shrinks in drying, and decays when exposed to the
weather ; but different trees vary greatly from each other in
this respect.

Bark.—Bark is the external investment of the trunks and
branches of trees, and consizts, when young, of three coats or
layers, called the cuticle, the cellular integument, and the li-
ber or inner bark. But during every season, a new liber grows
on the inside of the former ones, and pushez them outward, so
that old bark is found to consist of numerous cortical layers,
each of which was originally a liber. The outermost of these
layers gradually become dead and dry, and merely augment
the thickness of the bark, without adding to its usefulness in
the arts.

Oal:.—Numerous species of the oak tree are found in the
United States. They are generally distinguished for great
strength, but are coarse grained, and prone to warp and crack
under changes from moisture to dryness. The live oak of the
Southern States ( Quercus virens) is prized in ship-building,
beyond any native timber. The white cak ( Quercus alba) is
employed for the keels, side timbers, and planks of vessels, al-
so for frames of houses, mills and machinery requiring strength
for wagons, parts of carriages, ploughs, and other agricultural
instruments. Large quantities are consumed for the staves
and hoops of casks, for which they furnish one of the best ma-
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terials. "The bark of the black oak ( Quercus tinctoria) fur-
uishes the guercitron used by dyers. Most of the species of
oak are employed in tanning, and they all furnish a valuable
fuel.

Hickory or Walnut.—The wood of the different species of
native walout or hickory (Juglans, senw Carya) iz eminently
distinguished for weight, tenacity, and strength. It has, how-
ever, important defects. It warps and shrinks greatly, decays
rapidly when exposed to the weather, and is very liable to the
attacks of worms. On these accounts it is never used for
house or ship building, but is chiefly employed for minor pur-
poses, where strength is the chief requisite; as in the teeth of
mill wheels, screws of presses, handspikes, capstan bars, hows,
hoops, and handles of tools. As fuel, the hickory stands at
the head of native trees, and commands a higher price than
any other wood,

Ash.—The white ash (Frazinus Americana) and some
other species, are of great utility in the arts. Ash wood is
strong, elastic, tough, and light ; and splits with a _straight
grain. It is also durable, and permanent in its dimensions.
It furnishes the common timber used in light carriages, for the
shafts, frames, springs, and part of the wheels. Flat hoops,
boxes, and the handles of many instruments are made of it.
It is almost the only material of oars, blocks of pullies, cleats,
and similar naval implements, in places where it can be ob-
tained.

Lilm.—The common American elm ( Ulmus Americana)
is valued for the toughness of its wood, which does not readi-
ly split. On this account it is chiefly used for the naves,
among us commonly called Aubbs, of carriage wheels,

Locust.—The common locust ( Robinia pseudacacia) is one
of the hardest, strongest, and most valuable of native trees.
"The larger pieces of its timber are used in ship-building, and
the smaller pieces are in great request to form the treenails®
or pins which confine the planks to the timbers. This treeis

* Commonly pronounced trunnels.
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Black Walnut.—(Juglans nigra.) Thistreeis rarely found
north of New York. Its heart wood is of a violet color, which,
after exposure to the air, assumes a darker shade, and finally
becomes nearly black. This wood when deprived of its white
part, or sap, remains sound for a long time, even if exposed to
air and moisture, and is not attacked by worms. It is very
strong and tenacious, and when seasoned is not liable to warp,
or split. It is used in the Middle and Western States for fur-
niture, for gunstocks, for naves of wheels, and to a certain ex-
tent, in house and ship building,.

Tupelo.—Different species of the genus Nyssa have re-
ceived, in the United States, a great variety of common names,
among which tupelo, pepperidge, and gum iree are the most
common. In Massachusetts the name hornbeam is improper-
ly applied to one of them. Their wood is smooth grained,
and remarkable for the decussation or interweaving of the fibres,
which renders it almost impossible to split the logs. "This
quality causes several of the species to be in demand for naves
of wheels, hatters’ blocks, and implements requiring lateral te-
nacity.

Pine.—~The American pines exceed all other native trees
for the value and variety of their uses. The white pine (Pi-
nus strobus) has a very tall, straight trunk, the wood of which
is light, soft, homogeneous, and easy to work. It is remark-
ably exempt from the common fault of timber, that of decay-
ing in the open air, and of changing its dimensions with
changes of weather. On these accounts it is extensively em-
ployed for most of the common purposes of timber. In the
Northern States, masts of vessels are commonly made of it.
Frames of houses and of bridges are also formed of it ; its de-
fect of strengih being more than balanced by its steadiness and
durability. Tis boards form almost the only material used in
the Northern States for the joiner’s work, or inside finishing
of houses; and for this use it is exported to other countries.
Ornamental carving is commonly executed in this material.
The southern pitch pine (Pinwus palustris L.) covers exten-
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sive barrens in the Southern States, and yields vast (uantities
of tar and turpentine. Its wood is appropriated to the same
objects as that of the white pine, but is harder and stronger, and
therefore preferred for planks, spars, floors, decks, &c. Many
other species of pine exist on ihis continent, partaking qualities
like those already described, but most of them harder than the
while pine.

Spruce—The black and white spruce belong to the race
of trees commonly ealled Flirs. T'hey are both valuable, but
the black spruce (Pinus nigra) unites in a peculiar degree the
qualities of sirength, elasticity, and lighiness, together with
the power of resisiing exposure o the weather. It is much
sought afler for the smaller spars of vessels, such as the booms,
yards, and topimasts,

Hemlock.—The hemlock tree (Pinus Canadensis) is in-
fecior to ihe other firs in quality, though it grows to a large
size. Jiis coarse grained, ofien iwisted, and cracks and’ shiv-
ers wiih age. It furnishes ao inferior sort of boards, used in
covering houses. Iis bark iz valuable in tanning.

White Cedar.—This tree (Cupressus thuyoides) occupies
large iracts denominated cedar swamps.  The wood is soft,
smooth, of an aromatic smell, and internally of a red color. It
is permanent in shape, and very durable; and esteemed as a
malterial for feaces. Large quantiiies of shingles are made of
it. It is a favorite material for wooden wares, or the nicer
kinds of cooper’s worls.

Cypress.—The cypress tree of the Southern States (Cu-
pressus disticha) is light, soft, and fine grained ; and at the
same time elastic, with a considerable share of strength, Tt
sustains heat and moisture for a long time, without injury. In
the Southern States and on the Mississippi, it is much employ-
ed for fences, and for the frames, shingles, and inside work of
houses.

Larch.—The American Larch ( Pinus microcarpa) is call-
ed hackmatack and tamarack, in different parts of the Union.
Its wood is strong, elastic, and durable ; and is highly prized,
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also mathematical measuring instruments. The handles of
many tools, and various articles of turners’ work, consist also
of this material.  Wood engravings are cut upon the end of
the grain of hoxwood.

Lignum Vite.—The wood of the Guiacum officinale is
employed in the arts under this name. It is dark colored at
the heart, strong, exceedingly hard, and so heavy as to sink
in water. It is impregnated with resin, and on this account
durable in liquids. Handles of tools, boxes of gudgeons, wheels
of pullies, castors, balls, stopeocks, mallets, &c., are made of it.
It is imported from the West Indies and South America.

Several other tropical woods are imported for use by cabinet
makers, such as rose wood, ebony, satin wood, &ec. They
are generally hard, colored woods, susceptible of a fine polish.
Satin wood (Nweitenia chloroxylon) is thought poisonous to
the hands of the workmen. _

Corle—Cork is a fangous substance growing on the bark
of a species of oak (Quercus suber) in the south of Europe.
Its lightness and elasticity give it an aptitude for certain pur-

es, in which it would be difficult to find a substitute,

Hemp.—Hemp is the fibrous portion of the bark of an an-
nual plant, (Canabis sative) and is of great use in the manu-
facture of cordage and canvass. The fibres are separated from
the rest of the stalks, by the decomposition of the latter. In
the process of dew rotting, the hemp is exposed on the grass for
a number of weeks to the weather. In that of water rotting
it is immersed for a part of the time in water, and subsequently
exposed to the weather. By these processes, the solid parts of
the hemp decay ; while the flexible fibres remain strong and
but little impaired. "I'he decayed portion is afterwards broken
up, by the operations of an instrument called a brake ; and
sometimes by a mill or stone roller, The chaff is separated
from the fibres by the strokes of a wooden scotching, or swing-
ling knife; and the fibres still further cleansed by combing
them on an instrument called a heckle.

Flax.—Flax is also the fibrous bark of an annual plant,

5

T:.
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(Linum usitatissimuwm,) which is smaller and finer than
hemp; and constitutes the material of linen cloth. Flax is
rotted, and subsequently dressed, much in the same manner
as hemp. When, however, it is intended for finer uses, as
for cambric, lace, &c., it is scraped with a blunt knife upon leath-
er, and the fibres separated and straightened with a brush. A
method has been introduced in England, of dressing flax by
machinery, in its recent state, without rotting., 'This meth-
od is represented as highly economical, aflording more flax,
and of a stronger texture, than that produced in the common
way.* 'The fibres of flax and hemp are long, straight, and
unyielding, so that they cannot be spun by the same machine-
ry which is used for cotton and wool.

Cotton.—Cotton is the product of the Gossypium herba-
ceum, an Oriental plant, now cultivated in most parts of the
world, which possess a sufficiently warm climate. It grows
in pods, forming a light, woolly investment to the seeds; and
seems intended by nature to assist in their digpersion by the
winds. The fibres of cotton are extremely fine, delicate, and
flexible. When examined by the microscope, they are found
somewhat flat, and two-edged or triangular. Their direction
is not straight, but contorted ; so that the locks can be extend-
ed or drawn out without doing violence to the fibres. These
properties render cotton peculiarly adapted for the operations of
machinery, and have given employment to a vast amount of
manufacturing skill and industry, both in Great Britain and
this country.

Cotton, afier being gathered, is cleansed from the seeds by
a machine called a gin, of which there are two kinds. 'The
roller gin consists essentially of two small cylinders revolving
in contact, or nearly so, with each other. The cotton is drawn
between these rollers, while the seeds, being too large to pass,
are left hehind, and fall out on one side. 'The saw gin, in-
vented by Mr Whitney, is intended for those sotts of cotton, the
seeds of which adhere too strongly to be separated by the for-

* See Brande's quarterly Journal, vol. iv. p. 320.
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mer method. Tt consists of a receiver, having one side cover-
ed with strong parallel wires, placed like those of a cage, and
about an eighth of an inch apart. Between these wires enter
an equal number of circular saws, revolving on a common
axis. The teeth of these saws entangle the cotton and draw it
out through the grating of wires, while the seeds are prevented
by their size from passing. The cotton thus extricated is
swept off from the feeth of the saws by a revolving cylindrical
brush ; and the seeds fall out at the bottom of the receiver.
Turpentine.—Turpentine is the juice which exudes from
pine trees. The Southern pitch pine furnishes most of that used
in commerce. It is procured by making incisions, or cavities,
in the trunk, and dipping out the turpentine which collects.
Tar is an impure turpentine obtained by burning, The resi-
nous parts of the wood called lightwood, are collected in pits,
and being set on fire at the top, a part of the turpentine is burnt,
while the rest is melted and flows out at the bottom. Pitch
is far inspissated by hoiling, or burning. If turpentine be dis-
tilled, the volatile portion, which passes over, is the oil or spi-
rit of turpentine, while the solid part lefi behind is rosin.
Caoutchouc.—This substance, called also elastic gum and
India rubber, is obtained from different vegetables, but chief-
ly from the Jatropha elastica. It exists in the form of juice,
and is dried by applying it, in successive coatings, to clay
moulds of various shapes. After it is dry, the clay is crushed
and shaken out. This substance is wonderfully flexible and
elastic, and restores itself instantly, after being extended to
many times its original dimensions. It is inflammable and
used by the inhabitants of Cayenne for lights. It is insoluble
in water, and in aleohol ; but dissolves in either, and in oils.
These solutions have been used for varnishes, but have the dis-
advantage that they do not readily dry. A mixture of oil of
turpentine and alcohol,” is a solvent which has the property of
drying more readily and restoring the elastic properties of the

* Chaptal. Chimié appl. aux Arts,
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MATERIALS FROM THE ANIMAL EINGDOM.

Shkins.—The cutis, or true skin of animals, from which
leather is made, is composed of fibres rregularly situated, and
closely interwoven. They are capable of being diszolved by
long boiling in water, and are found to consist almost wholly
of gelatin, or glue. The skins of a great variety of animals
are used in the manufacture of leather. It has been found
that those skins which are most flexible, and most easily dis-
solved, afford the poorest leather and the weakest glue ; while
those which are tough, and difficult of solution, yield leather
and glue of the best quality.

Huir and Fur.—'The hairs of animals consist of slender,
flexible tubes, having a consistence like that of horn, and
possessing the chemical properties of coagulated albumen.
The surface of hairs are covered with minute scales or asperi-
ties, which give them a rough feel when they are rubbed up-
ward ; and which cause them to entangle each other in the
processes of felting and fulling. Fur consists of very fine
hair, thickly set, and commonly contorted. It iz a very slow
conductor of heat, and is provided by nature for the clothing
of animals in high latitudes, Hair is a durable and very
elastic substance, and is converted to many useful purposes.
By means of a linen warp, it is woven into cloth for furniture.
Tt forms the most elastic stuffing for cushions and mattresses.
1t is combined with mortar in plastering, to increase its cohe-
siveness. Furs are converted to important uses, in clothing
and in felting.

Quills and Feathers.—The structure of the quills and
feathers of birds is remarkably fitted to combine strength and
elasticity with lightness; the mechanism of the tube, shaft,
and feathering, being all adapted to this purpose.”* 'The tube,
or barrel of a quill, consists of two lamine or layers, the out-

* See Chapter TI
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ermost of which has transverse fibres, and the inner, longitu-
dinal. Tt is the first of these which is scraped off’ to prepare
the quill for splitting.  Quills are rendered transparent by ex-
posing them to heat and moisture. The process recommend-
ed by M. Schloz, is to expose the quills to hot steam, by sus-
pending them in a covered vessel which contains water in the
bottom, and is kept boiling for four hours, the quills being
immersed in the vapor only. At the end of this time they
are withdrawn, and the next day cut, wiped, and dried with
a moderate heat. Feathers, as they are obtained from com-
mon birds, and down, which is procured from the aquatic
birds of northern climates, are among the most elastic substan-
ces known, and also the slowest conductors of heat. These
properties are the foundation of their usefulness. The chems-
ical composition of feathers is nearly similar to that of hair.*
Wool—Wool is a fine, soft, long, and contorted hair, deriv-
ed chiefly from the sheep. Tt is said to be the result of culti-
vation, and not to be found in the wild sheep, which is cover-
ed with short hair. Removal to a tropical climate causes
the fleeces of sheep to fall off, and to be succeeded by a cover-
ing of short hair. Wool is an invaluable material in the
clothing of civilized nations. The fineness and position of its
fibres enable it to be drawn out like cotton, and to be spun
by machinery. Their roughness and tendency to curl cause
the fibres to be consolidated in the process of felting.
Sill.—Silk is spun by the larvee or caterpillars belonging to
different species of Phalena. It forms the ball or cocoon in
which the silk worm envelopes himself in passing to the
chrysalis state. The fibre, which constitutes this ball, is so
small, that a single thread, when unwound, is often twelve
hundred yards in length. The original threads are too fine
for manufacturing purposes, and therefore in winding or reel-
ing them off’ from the cocoons, the ends or threads of several

" Feathers are purified by exposing them to heat ; also by immersing them
in lime water for several days, and afterwards washing them with pure water,
and drying, ‘This process extracts the animal oil.
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axis, but parallel to it, the extension or compression will then
be partial. In a rectangular column or block, when the com-
pressing force is applied to a point more distant from the axis.
than one sixth of the depth, the remoter surface will be no
longer compressed, but extended. In this case, the distance
from the axis of the neutral point, or that which is neither com-
pressed nor extended, will be inversely as that of the point to
which the force is applied. For example, a
weight or compressing force being applied on
one side of the block orcolumn CD EF, and
acting in a direction parallel to its axis, the
compression will extend only to the line A B,
the parts beyond this being extended. :

Lateral strain—When a beam is acted on transversely,
or by a lateral force, the effect produced is the joint result of
extension and compression. For if it be moved or bent by
such a force, from its original direction, the part which becomes
convex is extended, while the part rendered concave is com-
pressed. The properties by which a beam resists lateral pres-
sure, are its stiffness and its strength.

Stiffness—The stifiness of any substance is measured by
the force required to cause it to bend or recede through a giv-
en small space in the direction of the force. It appears to be
governed by different laws from those of the strength which
resists fracture.  When a force is applied to a beam transverse-
ly, its stiffness is directly as the breadth, and the cube of the
depth of the beam, and inversely as the cube of its length.*
Thus if we have a beam which is twice as long as another, we
must make it, in order to obtain an equal stiffness, either twice
as deep, or eight times as broad. When a beam is supported
at both ends, its stiffness is twice as great as that of a beam of
half the length inserted in a wall, or otherwise firmly fixed, at

* Gregory's Mathematics for practical men, 359, also Young’s Nat. Philoso-
phy, i. 139, and Tredgold’s Elements of Carpentry, 31,
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five feet in length ; but it will bear the impulse of a double
weight, striking against it with a given velocity, and will re-
quire that a given body should fall from a double height in or-
der to break it.*

Shape of timber.—It may be inferred from the consideration
of the nature of the different kinds of resistance, that if we have
a cylindrical tree a foot in diameter, which is to be formed in-
to a prismatic beam by flattening its sides, we shall gain the
greatest stiffness by making the breadth or thickness six inch-
es and the depth ten and a half; the greatest strength by
making the breadth seven inches and the depth nine and three
quarters, and the greatest resilience by making the beam
square.t

Torsion.—'T'he kind of strain called torsion or twisting, con-
sists in the lateral displacement or detrusion of the opposite
parts of a solid, in opposite directions ; the central particles only
remaining in their natural state. 'The strength, or rather stiff-
ness, with which the shaft of a wheel, or crank resists torsion,
increases in a rapid ratio to its diameter. Professor Robison
has caleulated, that the power of resisting torsion is as the cube
of the diameter ; and the more recent estimates of M. Dulean
make it as the fourth power of the diameter. If the length
vary, the resistance to the force of torsion will be inversely as
the length, for obvious reasons. It is advantageous in machin-
ery to increase the diameter of shafts which are exposed to
this strain, the amount of material remaining the same. For
this purpose they are sometimes made hollow, and sometimes
winged with lateral projections.

Limit of bull.—1t is important to recollect that when the
bulk of a substance employed, becomes very considerable, its
own weight may bear so great a proportion to its strength, as
to add materially to the load to be supported. In most cases,
the weight of bodies increases more rapidly than their strength,
and thus causes a practical limitation of the magnitude of our
machines and edifices. "Thus a roof, or a bridge, may be very

Young's Nat. Philosophy, p. 148. t Ibid. p, 149,
7



5() THE FORM, CONDITION, AND

strong, when of small, or moderate size ; but if the size be ex-
tended beyond a certain limit, although the materials and pro-
portion of parts remain the same, yet the structure will not sup-
port its own weight. We see also a similar limit in nature ;
for if trees and animals were made many times larger than we
now find them, and of the same kinds of substance, they would
not sustain their own weight. Small animals endure greater
comparative violence, and perform greater feats of strength in
proportion to their size, than large ones. It has been observed
that whales are larger than any land animals, because their
weight is more equally supported by the pressure of the medi-
um in which they swim.

Practical Remarks.—In frames of houses, and for various
other purposes, beams are used of a prismatic form, having
straight, parallel sides. But such beams, when exposed to a
lateral strain, are not of equal, or duly proportioned strength
throughout ; and therefore a part of them is superfluous.
"This consideration i not of much importance in ordinary
practical cases. DBut in cases where economy of the material
is important, as in cast iron railroads, also in machinery where
it is desirable that the moving parts should be as light as pos-
sible, consistently with the requisite strength ; it becomes of
consequence to ascertain the best form for resisting a force
with the smallest amount of material. Mathematicians have
caleulated the forms of different beams, which are suited to
give them, at all points, a strength proportionate to the pres-
sure they sustain, supposing the material to be of uniform
texture. But the outline which answers merely to mathemat-
ical truth, is in many cases too scanty for actual employment ;
so that in order to obtain sufficient length for a secure connex-
ion of the bheam with its bearings, it is necessary to include
the mathematical figure in a somewhat similar one, of larger
dimensions. The following rules are, most of them, given in
substance by Mr Tredgold.*

If a beam be supported at both ends, and the load applied

* Essay on Cast Iron, Art. 21, ef seq.
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at some one point between the supports, and always acting in
the same direction, the best plan appears to be, to make the
extended side, or that opposite the load, perfectly straight ; and
to make the breadth equal throughout the whole. Then the
mathematical form of the compressed side will be that which is
formed by drawing two semi-parabolas, A C D and B C D, their
vertices being at A and B, and C being the point where the
force acts. Now since the curve terminates at A, it is neces-
sary, in applying it to use, to add some such parts as are indi-
cated by the lines extending to E and I at the extremities,
for the sake of better support.
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The same form is proper for a beam supported in the middle,
as the beam of a balance. If the beam be strained, sometimes
from one side and sometimes from the other, as in the beam of
a steam engine, then both sides should be of the same form,
and X A and ¥ B should each be equal to half C D.
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It is sometimes desirable to preserve the same depth through-
out; and in this case the section through the length of the
beam, made perpendicular to the direction of the straining force,
should be a rhombus or trapezium, as in the annexed figure,
the force acting perpendicularly at €, and the points of support

being at A and B. To give this figzure stability, the ends may
be formed as shown in the continued outline.
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If a beam be intended to support a weight uniformly distri-
buted throughout its length, or a load rolling over it, as in a rail-
way, the line bounding the compressed side should be a semi-
ellipse, the other side being straight. In practice the semi-el-
lipse may be included in a portion of a circle, to give the re-
quisite bearings.

A, B, ends of the elliptic curve. €, D, ends of the circular

M)

W

‘Where it is necessary that the upper side should be straight,
the above form may be inverted, and the ends adapted to the
bearings.

Beams which are fixed at one end only and support weights,
should decrease as they recede from the wall, or point of fix-
ture. If the weight be at the extremity, the outline, in a beam
cut from a vertical plank, should be parabolic; but if equally
distributed throughout, it may be straight.
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If a beam be firmly fixed at both ends, and supports a
weight in the middle, it should be largest at the ends and in
the middle, the outlines being parabolic. In the annexed fig-
ure the shaded part shows the mathematical form, and the
outline the form for practical purposes.







CHAPTER III.

THE ARTS OF WRITING AND PRINTING.

Letters—THE arts of writing and printing, although com-
paratively simple in their processes, are superior to most other
arts in the importance of their consequences. Before the in-
vention of letters, the growth of knowledge was opposed by
insurmountable obstacles. T'radition, which was the earliest
mode of transmitting knowledge, depended upon the memory
and the will of individuals, and was of course uncertain of
continnance. 'The principal adventitious aids brought to the
assistance of traditionary knowledge, were the erecting of mon-
uments, the celebration of periodical days or years, the use of
poetry, a language more captivating and more easily remem-
bered than mere narration of facts; and finally, an approach
to written characters in symbolical drawings and hieroglyphie
sketches.® All these methods, however, have failed in the object
for which they were intended. The ancient founders of ma-
ny stupendous structures have not been able to convey to us
their names, and the productions of the earliest sages and poets
can never be appreciated from acquaintance, History must
have remained uncertain and fabulous, and science been left
in perpetual infancy, had it not been for the invention of writ-
ten characters.

Invention of Letters—"The credit of the first introduction
of letters, was claimed by the Egyptians and Phenicians, Jews,
Chinese, and other nations. T'heir origin is extremely ancient,

. The recent investigations of M. Champollion have led to the discovery
that a great partof the hyeroglyphic characters upon the antiquities of Egypt
are in reality the letters of an alphabet; and considerable progress has been
made in decyphering their import.
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and of course preceded all authentic history which was not
inspired.  If we believe Pliny, sixteen characters of the Gre-
cian alphabet were introduced by Cadmus the Pheenician, 1500
years before Christ.  Four more were added by Palamedes
during the Trojan war, and four afterward by Simonides. It
is not probable, however, that the Greek was the oldest alpha-
bet. Mr Astle considers the Pheenicians as having the strong-
est claim to be considered the first inventors of letters.
Arrangement of Letters—The mode of arranging letters
has been subject to considerable variation, some nations having
written inperpendicular lines, others from right to left, and
others in lines alternately reversed, as in the Bssreadndar Of the
ancient Greeks.*  The mode of writing from left to right, now
generally pursued, is the most natural ; because the hand, as it
advances in this direction, leaves constantly uncovered that
portion of the page upon which writing has been made,
Writing Materials—The most ancient materials employ-
ed for writing, appear to have been the surfaces of stones and
bricks. "The ten commandments were written upon stone,
and the arrow-headed alphabet, as it is called, belonging to an
extinct language, is only known to us by the pages of inscrip-
tions which remain on the Babylonian bricks. After these,
plates of metal, of various kinds, were employed. The Ro-
mans wrote upon tables of brass thinly coated with wax, using
an iron pencil with a sharp point denominated Stylus. Lead
was also used by them, and at the seige of Modena a corres-
pondence was carried on by Decimus Brutus, and the consul
Hirtius, upon plates of lead. Pausanius mentions books of
Hesiod, and Pliny speaks of public records, inscribed on the

* The bustrophedon was disused by the Grecks about 450 years before the
christian era; but a similar method appears to have been in use among the Irish
at a much later period. The following example of the Greek bustrophedon is
from an inscription on a marble in the national musenm at Paris,

NEKHGE WNEM EOAAT
APIEZETOKTAEEY NOHZEN
em decalp sullyH
Aristocydes designed me,
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same material. A less durable, but more cheap receptacle
for written characters, was found in the leaves of trees and
their inner bark, denominated liber by the Latins. These
were used for the more temporary or perishable writings.*
Papyrus.—As the literature of antiquity advanced, it be-
came necessary to find a material adapted for works of magni-
tude, which, besides permanency and enlarged size, should have
a fineness of texture sufficient to permit a large surface to be
folded into a compact form. A species of reed, growing in
Egypt, was found capable of being manufactured into a sub-
stance of this sort. Sheets and rolls were prepared from it of
the finest texture, and of any dimensions, and it became the
receptacle on which a great part of the ancient manuseripts
were written. This was the celebrated Fgyptian papyrus.
The discovery of its manufacture, though it afforded a substance
far inferior to modern paper, was nevertheless a great auxiliary
to ancient learning, and became the means of a much more
extensive multiplication of manuscripts than could have taken
place had it remained unknown. "The papyrus was an aqua-
tic reed growing on the banks of the Nile.t The manufacture
of paper was performed by divesting this reed of its outer cover-
ing and then carefully separating the internal membranes or
lamine by the point of a needle or knife. These laminz
were spread parallel to each other on a table, having their edges

* Pliny =ays that tables of wood were in use for writing before the time of
Homer. In the Slonian library at Oxford, thereare some specimens of ancient
Arabic writing on boards about two feet long and six inches wide.

The edicts of the Roman Senate were written on tablets of ivory, thence de-
nominated libri elephantini.

According to Pliny, the most ancient mode of writing, was upon the leaves
of Palm trees, afterward upon the inner bark of trees. This method is still
common in Tanjore, and some other parts of the East Indies where the Palmyra
leaf is used.

The old Egyptians frequently wrote on linen, and specimens of this kind are
sometimes found enclosed in the garments or swathing clothes of mummies.

+ Cyperus papyrus. L.

$ The delicate substance now imported from India under the name of rice paper,
isa cellular membrane of the Artocarpus incisifolia, or Bread-froit-tree.  Brews-
ter's Journal, iii. 136.
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in contact, in sufficient numbers to form a sheet. A second
stratum was then laid, with the strips crossing those of the
first at right angles. The whole was moistened with water,
and subjected to pressure between two polished surfaces. Up-
on drying, the mass was found agglutinated into a smooth
and uniform sheet. The adhesion of the strips of papyrus to
each other was doubtless owing to the glutinous Juice of the
reed, though the Romans, who were ignorant of the Egyptian
mode of manufacturing it, attributed this effect to a peculiar
quality in the waters of the Nile. 'The most delicate paper,
which was made from the inner membranes or tunics of the
reed, was rendered extremely white, and polished by rubbing
it with a shel , or tooth of an animal.

Herculunewm Manuscripts.—The papyrus continued in
use as late as the tenth or twelfih century, when it was super-
seded by parchment and cotton paper. A few ancient man-
uscripts written on it are preserved as curiosities in different
libraries of Europe, though they are less numerous than those
of parchment and vellum. The most interesting collection of
papyri is undoubtedly that found at Herculaneum, and was
probably buried with that city in an eruption of Vesuvius
which happened during the reign of Titus. In the excava
tions which the moderus have made into the earth which cov
ers that city, these rolls of papyr, nearly 1700 in number
were found in a house, the roof and floors of which had been
crughed in by the substances ejected from the volcano. The
rolls were found in a state so near to decomposition that the
least violence causes them to break and crumble ; their color is
so nearly black that the characters are distinguishable from
the paper only by a slight shade of difference ; and the whole
roll is cemented together, so as not to be separable into layers
without great difficulty. This state has been supposed to be
produced by the carbonization, or converting into coal, of the
papyri, by the heat of the ashes and lava, in which they were
buried. Sir Humphrey Davy, however, has given a different
opinion of the state of these manuseripts. He supposes that

8
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their present condition is not the result of carbonization or of
heat applied to them, but is the consequence of their remain-
ing for so many ages under ground, until the vegetable mat-
ter of which they are composed, has undergone a spontaneous
change, and become converted into a substance analogous to
peat, or Bovey coal. This conclusion is the result of chemi-
cal examination, and is lilkewise inferred from the fact that some
specimens of gilding, and of vermilion, which remained on
the walls of the apartment, were not changed in color, which
could not have been the case, had the heat been sufficient to
convert vegetable matter into charcoal.

About ninety of these manusecripts have been unrolled by a
very tedious process, which consists in glueing pieces of gold
beaters’ skin to the outside of the rolls, and suffering them to
dry on. They are then gradually raised by means of screws,
lifting with them a layer of the papyrus, which is copied and
the process renewed. Several days, in this way, are requisite
for a single page. Sir Humphrey Davy thinks a more expedi-
tious way might be adopted, by subjecting the rolls to the action
of a chemical solvent, capable of destroying the adhesion of
the folds to each other. He supposes that of the manuscripts
which remain, not more than from eighty to one hundred and
twenty are in a state to be unrolled, the rest being too much
defaced, by crushing or othefwise, to render it probable they will
ever be decyphered.

Parchment.—Next to the papyrus, the skins of animals,
in the form of parchment and vellum, were extensively used
for writing, by the ancients, from a remote period. When
Fumenes, or Attalus, attempted to found a library at Pergamus,
200 years B. C., which should rival the famous Alexandrian
library, one of the Ptolemies, then king of Egypt, jealous of
his success, made a decree prohibiting the exportation of pa-
pyrus. 'The inhabitants of Pergamus set about manufacturing
parchment as a substitute, and formed their library principally
of manuscripts on this material ; whence it was known among
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the Latins by the name of Pergamena. The term mem-
brana was also applied by them to parchment,

Paper—Paper like that used at the present day, composed
of flexible fibres reduced to a pulp by minute division, and
cemented into sheets by means of size or glue, began to be
known in the East in the beginning of the tenth century.
It was first composed of cotton or silk, and called bombycina,
and was not made from linen rags until the fourteenth century.
Coarse brown paper was first manufactured in England in
1588; writing and printing paper in that country not till 1690,
previously to which, it was imported from the continent.

Instruments.—While wriling was practised upon hard sub-
stances, as stone and metal, a hard metallic point was the in-
strument with which letters were formed. The stylus, which
the Romans employed for writing on brass tablets covered
with wax, was acute at one end for writing, and flattened or
blunt at the other, for erasing what was written. For writing
in colored fluids, or ink, the calamus was used, a reed sharp-
ened at the point, and split like our pens. Quills were not
introduced till the fourth or sixth century.*

Some of the eastern nations still write with reeds, canes,
and bamboos, instead of quills. The Chinese write with small
brushes like camel’s hair pencils.

dnks—'The ink of the ancients consisted of a carbonace-
ous substance, such as lampblack, soot, or pulverized coal, united
with a viscid or gummy liquid.  The black liquor of the cut-
tle fish (Sepia) was sometimes employed. Colored inks of
vermilion, red lead, and purple, were also used. 'The eastern
emperors signed their edicts with red ink, the use of which was
prohibited to others, under pain of death.

* The earliest notice of the use of quills, is by an anonymous author of the
life of Constantius, who says that Theodoric, the Ostrogothic king of Rome, was
so illiterate, and so dull of intellect, that, during the ten years of his reign, Le
could not learn four letters to sign at the bottom of his ediets; so that they werc
cut for him in a plate of gold, through which he traced the letters with a quill,
One of the oldest certain mentions of the use of quills, is by Isidore, who died
in 636,



60 THE ARTS OF WRITING AND PRINTING.

Modern ink is essentially a tanno-gallate of iron suspended
by mucilage. It may be made from salts of iron, and infu-
sions of various astringent vegetables. But as many products
of this kind are apt to fade by time, it iz not safe to trust to
any which have not had the testimony of long experience in
their favor. The best materials are the nutgall and sulphate
of iron, with gum arabic. Other ingredients are sometimes
added, such as logwood, sulphate of copper, and sugar. When
ink fades, it is commonly from the fugitive nature of the gallic
acid and tannin; and it may be revived by moistening the
page with a fresh infusion of galls. When ink grows thin
from freezing, or dilution, so that its particles subside, they
may again be suspended, by agitating it with sugar, or gum.
If writing with common ink has been obliterated by chlorine,
it may be again rendered legible, by the vapor, or solution, of
sulphuret of ammonia.  Tndelible ink is produced by writing
with dissolved nitrate of silver on a surface impregnated with
carbonate of soda.

Copying Muachines.—Various modes have been devised,
for making extemporaneous copies of written pages. Dr Frank-
lin’s method consisted in covering the writing, while yet moist,
with fine powdered emery ; and afterwards passing the sheet
through a press, in contact with a plate of pewter, or copper;
which thus became marked with the letters, so as to yield im-
pressions, as in the common mode of copperplate printing.
Mr Watt's copying machine consists of a press, in which a
thin, bibulous paper, previonsly moistened, is forced intd close
contact with the page, while newly written. A part of the
ink, sufficient to produce legible characters, is thus transferred
to the thin paper. The writing is of course reversed, but the
thinness of the paper permits it to be read on the opposite side,
which restores the order of the letters. Mr Hawkins' poly-
graph is a machine carrying two or more pens in different pla-
ces, which are so connected as to pursue a similar path with
each other, and execute two or more copies at once. Lithog-
raphy likewise offers a ready method of multiplying copies,
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types in a day. Some machines have been introduced, for
casting types, which operate with much greater rapidity. The
characters upon types are of course reversed, so that in ar-
ranging them for the press, the compositor, or printer who
sets the types, begins at the right hand of each line.

Case.—Before the typesare applied to use, they are arrang-
ed in the cells or compartments of a long wooden receptacle,
called a case ; each species of letter, character, or space, by it-
self. In arranging the compartments, the collections of letters
do not succeed each other in alphabetical order, nor are they
all of equal size. "Those letters which occur most frequently
in printing, are required in greater numbers. They are there-
fore made to occupy the largest compartments, and are placed
nearest to the compositor. Thus the letter e, which is of fre-
quent occurrence, fills a large compartment, and is nearest the
compositor, while the letter x, which occurs much less frequent-
ly, is provided in small numbers, and placed at the extremity
of the case. In a bill or collection of types of the size called
pica, weighing in all 800 pounds, the number of the letter eis
12000 ; of t, 9000 ; of a, 8500 ; of i, n, o, and g, 8000 each ;
of ¢, there are 3000 ; of b, 1600 ; k, 800 ; x, 400 ; z, 200. This
is for the English language. 1In other languages, the compar-
ative frequency must be different.

&izes— Different names are given to the various sizes of
types, of which the following are most employed in commeon
book printing.

Pica—abcdefghijklmnopqrstu
Small Pica.—abcdefghijklmnopqrstuvw
Long Primer—abcdefghijklmnopqrstuvw
Bourgecis—abecdefghijklmnopqrstuvwxysz
Brevier—abedefghijklmnopqrstuvwxysz

Minion.—abedefghijklmnopqrstuvwxyz
Nonpargil—abedefghijElmoopgretuvwxysz

Composing —The compositor is first provided with an in-
strument called the composing stick. This is a plate, com-
monly of iron or brass, surrounded with ledges, one of which
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is moveable, so that the length of the lines may be adjusted to
the width of the page. The compositor selects from their pla-
ces the letters successively, to constitute the first word, which
are arranged in an inverted ovder from that in which they are
to appear on the printed page, begianing at the right. At the
end of the word a guadrat is inserted to produce a space be-
tween this word and the next following. The quadrats, of
which there are various kinds, differently named from their
width, are blunt types, bearing no letter on their extremities.
In printing, they do not come up to the surface, and of course
yield no impression.  As the beauty of the page depends upon
the evenness of the margin produced by the equality of the
lines, these quadrats are used to swell out the shorter lines and
bring them to an equality with the rest. When one line is
finished, the printer shifts the rufe from below it to the top, and
comimences setting the types for a second line, The rule is a
thin brass plate used to malke the types slide easily, and not
catch upon the line below them.

The quickness with which an expert compositor advances
in his work, is greater than would appear possible from a first
consideration of the subject. '"The familiarity with the situa-
tions of the letters and their arrangement, produced by long
habit, is such, that to select the typesand place them, does not
require a thought to be bestowed on the process. It is only
necessary to perceive the meaning of each word, and the put-
ting it together follows as mechanically as writing. [t is even
possible for a printer to compose in the dark, for the exact sit-
uation of each letter in the case before him being known, and
the upper side of each being known by notches in the type,
they can be selected and arranged by the sense of feeling
alone.

Inposing.—When a sufficient number of lines, as six or
eight, are formed in the composing stick, they are emptied into
another instrument called the galley, which is a flat board or
plate, partly or wholly surrounded by a rim. In this galley,
the types are accumulated, generally in the form of long col-
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it from spreading on the paper. It is applied to the types by
large elastic balls made of leather and stuffed with wool, or by
elastic rollers, like those used in printing machines.

Printing Press—The common or old printing press, de-
rives its power from a serew, which is turned by a lever, and acts
perpendicularly on the platten, or level part, which transmits
the pressure. Various improvements have been made in the
printing press, by Lord Stanhope, and other inventors, in most
of which a cast-iron frame is substituted for a wooden one, be-
ing more inflexible ; and a combination of levers is used, so ar-
ranged as to cause the platten to descend with decreasing ra-
pidity, and consequently with increasing force, till it exerts the
greatest power at the moment of contact of the paper with the
Lypes.

Stereotyping.—In stereotype printing, instead of moveable
types, blocks or plates are used, each containing all the char-
acters requisite to form a page. 'The process of stereotyping is
simple. A page of any work proposed to be stereotyped, is
set up in the usual manner with moveable t ypes. From this
page, when corrected, a mould in plaster, is taken off, and
from this mould a plate of tg,;pe-metui is cast, having all the
characters in relief, and being a fac-simile of the original page.
From this plate the printing is executed, and there must be, of
course, as many plates cast, as there are pages in the book to
be printed. It will thus be seen, from the accounts already
given, that the stereotyped letter press constitutes the sixth
time that the character has been formed, viz. 1, in the steel
punch; 2, in the matrix; 3, in the moveable type; 4, in the
plaster cast ; 5, in the stereotyped character, and 6, in the print-
ed page.

The plaster used for forming the moulds is pulverized gyp-
sum, dried by heat, and mixed with water; to which is ad-
ded a little whiting to diminish the tendency of the plaster to
shrink and crack.  After the forme of types has been slightly
oiled, and surrounded with a brass frame, fluid plaster is ap-
plied over the surface with a brush or roller, so as to fill every
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in the common flat form ; in others, the characters are placed in a
convex form upon the surface of cylinders. To produce the
latter effect, Mr Nicholson proposed to cast the body of the types
with a tapering or wedge form, like the stones of an arch, but
Mr Cowper has produced the same object more expeditiously,
by curving stereotype plates into the required shape. Messrs
Donkin and Bacon placed their types on the four sides of a re-
volving prism, while theink was applied by a roller which rose
and fell with the irregularities of the prism, and the sheet was
wrapped on another prismn so formed as to meet the surfaces
of the first. A common printing press gives about 250 im-
pressions per hour, whereas of the Times, a London hewspa-
per, printed by Applegath and Cowper's machine, it is stated
that 4000 per hour are printed on one side. The first work-
ing machine which printed by steam, was erected by Mr
Koenig, in 1814,

In this country, Treadwell’s power press is the machine most
employed. In this invention, the types are inked by elastic
rollers, and the distribution of the ink rendered equal, by a re-
volving table which passes in contact with the rollers. The
impressions are made by a flat surface or platten, instead of a
cylinder, so that cleaner and better impressions are supposed
to be obtained from it than from any other machine.

History—The art of printing was first carried into success-
ful operation, a little before the middle of the fifieenth century.
The honor of having given birth to the invention, is claimed
by the cities of Haerlem, Mentz, and Strasburgh, in each of
which the art was successfully practised at an early period.
The best authors, however, agree in considering that the orig-
inal inventor of printing, was Laurentius, otherwise called

‘oster, of Haerlem, who made his first attempt in 1430, with
separate wooden types. He died ten years after, having printed
the ¢ Horarium,” the ¢ Speculum Belgicum,” and two different
editions of Donatus, which were the first books. After his
death, printing was carried on at Mentz, by John Gensfleisch,
who had possessed himself of some of Laurentius’ types, and
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who, like his master, printed in wood. This man, with the
assistance of his brother who is usually called Guttenberg, af-
terward invented cut metal types, with which was printed the
earliest edition of the bible. This edition appeared in 1450,
having taken seven or eight years for its completion.

Guttenberg used none but wooden or cut metal types. The
art received its consummation soon after, from Peter Schoeffer,
who invented the mode of casting types in matrices. Thecel-
ebrated Faustus, who has ofien been considered as the inventor
of printing, was in partnership with the persons already men-
tioned, and furnished funds to defray the expenses of the en-
terprise, the processes being kept secret.  The well known tale
of the practice of necromancy, by Faustus, was owing to his
carrying a parcel of his bibles to Paris, and offering them for
sale as manuscripts.  The French, finding so great a number
of books resembling each other exactly, and more so than it
was possible for any chirographer to have made them, conclud-
ed there was witcheraft in the case, and by inditing Faustus
as a conjuror, compelled him to disclose the secret in his own
defence.

After the invention of printing with fusible types, it spread
rapidly into many of the cities of Europe, and was practised
at an early period at Tours, Rome, and Venice. It was first
carried on in England by Caxton and Corsellis, about 1470,
and the earliest press was established at Oxford.

It is remarkable that this important art, after becoming
once established, underwent no essential improvement for a
period of more than 300 years. Having remained stationary
for three centuries, it has received a fresh impulse within the
last few years, by the invention of stereotyping, and of prini-
ing by machinery.

Although printing with moveable types is exclusively a
modern art, yet there are some steps in the discovery, which
have claim to greater antiquity. The Chinese have printed
with their characters for more than 900 years; but as the na-
ture of this character requires that much should be expressed
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the shortening of their oblique diameters. This is what is
technically called foreshortening. 1If several objects, for ex-
ample, of equal size, be placed at different distances, and in
different positions [See Plate IIL. Fig. 5.] the one nearest the
eye, as X, will subtend the largest angle, and its comparative
length in the picture will be represented by the line A B.  The
object Y, bein~ further off, subtends a smaller angle, and will
be represented by the line A C. The object Z, being still fur-
ther removed, and also foreshortened by its oblique position,
will produce an image no longer than from A to D.

A simple irstrument may be formed by any person, to rep-
resent the effect of distance and of foreshortening in perspective.
Let four straight, stiff wires [PL I1L Fig. 6.] be con nected at one
end, at A, by a string or socket, which will allow them to diverge.
Let a thin, square_board, or tin plate, be attached at the other
end, at C, by loops at its four corners, through which the wires
pass. Let a string of elastic gum be placed around the wires
at B, about half way between A and C. The elastic string
will represent the picture, the board the object, and the wires
the rays passing from the object to the eye at A. If now the
board be moved upon the wires toward the eye, the elastic
string will be extended, or the picture enlarged. The reverse
will happen, if the board be carried away from the place of the
eye. 'The board may-also be turned into various oblique po-
sitions, and the elastic string will represent the figure produced
by the foreshortening.

Definitions.—There are used in perspectwe a certain num-
ber of terms peculiar to the art, definitions of which are neces-
gary to an intelligent use of them.

The original object is that whmh is made the subject of -
the pisture.

Original planes or lines are the surfaces or lines of orig-
inal objects.

The point of view is the situation of the eye.

The point of sight is the point in the perspective plane
which is nearest to the eye. As far as the picture is concern-
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ed, these two points coincide, so that some authors have used
them indiscriminately one for the other. The point of sight
ig also called the centre of the picture.

A visual ray is a line from the object to the eye. If the
object is a point, there is but one visual ray; if it is a line, the
visual rays form a triangle ; if it is a square, they form a pyra-
mid ; if a circle, a cone, &c. The principal visual ray is
that from the nearest point in the picture, or point of sight.

The perspective plane is the surface on which the picture
is delineated ; or, it is the transparent surface through which
we suppose objects to be viewed.

The directing plane is a plane supposed to pass through the
eye of the spectator, parallel to the perspective plane.

The ground planeis the earth, or the plane surface on
which the spectator and objects are situated.

The forizon, or horizontal plane, is one parallel to the
ground plane, and at the height of the spectator’s eye.

The horizontal line is the intersection of the picture or per-
spective plane with the horizontal plane.

The ground line is the intersection of the perspective plane
with the ground plane ; or, it is the line on which the picture
1s supposed to stand.

The perpendicular is aline on the perspective plane, drawn
though the point of sight, perpendicular to the ground line and
horizontal line. :

The points of distance are points on the perspective plane,
set ofl' from the point of sight, sometimes on the horizontal
line, and sometimes on the perpendicular, at the same distance
from the point of sight, that the eye is supposed to be at, from
the perspective plane.

To render the foregoing definitions more obvious, a diagram
[PL IL Fig. 2.] is introduced, in which the several planes are
supposed to be wisible, and themselves, or a part of each of
them, seen in perspective. X is the eye of a spectator, or
point of view. 8T, the original object. X 'T, and X S, visual
rays. X Y, the principal visual ray. A B O P, the picture, or
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represents D 8, and D ¢ represents D T, Since all lines perpendicu-
lar to the ground line, when infinitely produced, seem to meet on the
perspective plane, in the point of sight D, it is the vanishing point of
those lines. :

II1. If it is required to find the perspective situation of a line which
is vertical, i. e. perpendicular to the ground plane, having first ascer-
tained the point upon which it stands in the ground plane, we draw
from the corresponding point in the perspective plane, a line perpen-
dicular to the ground line. Thus if we have ascertained that the place
at- which a vertical line stands on the ground plane, is at W, we find
the corresponding point w in the perspective plane, and from it raise a
line w z, perpendicular to A B, and somewhere in that line continued,
will the required line terminate. The reason of this will appear, when
we recollect that vertical lines are parallel to the picture, and perpen-
dicular to the ground line.

IV. If circles or curved lines are to be put in perspective, this may
be done by describing squares about them, and putting these in per-
spective. This will assist the judgment in completing the curved
lines. Or we may find the perspective situations of a number of points
in the curve, and join these with a steady hand.

A great number of problems, founded on the principles of perspec-
tive, are to be found in works on that science, and constitute an in-
teresting study. But in practice, artists find it convenient to resort to
some more direct and compendious method of obtaining the perspec-
tive situation of objects, without the trouble of mensuration.

Instrumental Perspective.—The rules usually laid down
for drawing in perspective, suppose a previous knowledge of
the real distances, magnitudes, and relative positions of all the
objects that are introduced into the picture. But, in many
cases, a person may be so situated, that this knowledge cannot
be obtained ; and in many cases, likewise, the labor, which this
method requires, is troublesome and discouraging. Dr Priest-
ley has described a method of drawing objects intrue perspective,
without moving from the place in which they are viewed. It
consists simply in taking observations of the various points of
an object, so as to determine their elevation above the horizon,
and their declination from a perpendicular.

To supply the place of actual mensuration, an azimuth quadrant or a
theodolite, is used, or any instrument by which the elevation of an ob-
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ject can be found, and likewise its angle of declination from the per-
pendicular which goes through the point of sight.

The artist having this instrument, and placing himself at what dis-
tance he thinks most convenient, from any objects that he proposes to
draw, lays down upon the paper of his drawing-board, two lines, cross-
ing each other at right angles ; one of them F G, [PL III. Fig, 8.] to rep-
resent the horizon, and the other C E, the perpendicular, passing through
the point of sight ). He must also choose any distance he may think
proper to work at, and set it off from D to E.

Having thus prepared for the operation, he pitches upon any point
in the object in sight, as, for instance, that which corresponds to = ; and,
by the help of the instrument, first of all, finds its declination from the
perpendicular to the right or left hand. Supposing it to be 10 degrees
to the right, he sets off the angle D Ea, equal to ten degrees, and con-
cludes, that the point he wants to fix must be somewhere in the per-
pendicular ae. To find in what part of this line the point is, he must
take its elevation above the horizon, and, supposing it to be 20 degrees,
he makes a b equal to ¢ E, and the angle a b z, equal to twenty degrees ;
which finds x the point required.

In this method may the situation of any other point be found, and
these points, being joined by lines, the whole object will be delineated.

But if the objects to be represented, contain many right lines, that
are parallel to each other, such as oceur in buildings, machines, &e.
there will be no oceasion to take many points ; because the situations
of the lines may be determined by vanishing points, found by the help
of a few of them. Thus having found y, in the same manner as we
found r, and knowing that the line zy is parallel to the horizon, we
produce it till it touches the horizontal line in ¢, which is, therefore, the
vanishing point for that line, and all that are parallel to it, several of
which are represented in the fizure. The distance at which these par-
allels are drawn, may either be guessed by the eye, or be determined
with more accuracy by finding a point at one of their extremities, in
the manner just described.

Also, ift we know the angle that any line, as yz, makes with another
line, as x y, the situation of which is known, there is no occasion to
take any point, in order to determine the direction of it. In this figure,
Ty z represents a right angle, which is that which most frequently oc-
curs in buildings, machines, &c¢. To determine, therefore, the situa-
tion of the line y z, we consider that c, the vanishing point of y x, makes
the angle D E ¢, equal to 20 degrees, the complement of which, from
90,i570. We therefore make the angle D E H equal to 70 degrees, and
a line E H, produced till it meets the horizontal line in a place without
the bounds of this figure, gives the vanishing point of ¥z, and of every
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point of view, and a moveable part situated in the perspective
plane, and capable of traversing any part of it. This movea-
ble part may consist of any minute substance, or, which is
better, a moveable point may be obtained by the intersection
of two threads. Any points in the perspective plane may thus
be found, and transferred to the picture, by bringing the part
of the instrument which contains them, into contact with the
paper.

A simple and very useful perspectograph may be made by
erecting a pane of glass upon one end of a board, or short ta-
ble, and a moveable piece with an aperture for the eye at the
other end.* 'The moveable piece is to be fixed at any conve-
nient distance, and the object is to be viewed from it, through
the pane of glass. The outlines, as they appear, are traced
upon the glass with a stick of wax sharpened like a crayon,
and they may be afterwards rendered very plain, and transfera-
ble, by sprinkling them with any black powder.

The geometrical and mechanical methods which have been
described, will enable a person not previously conversant with
the art, to obtain correct perspective representations of any ob-
Ject.  But by long practice, in drawing from nature, a certain
tact is acquired by painters, which enables them, by the accura-
cy of the eye and judgment alone, to make correct views of
objects, without the aid of any computation or mechanical pro-
cess. Thus miniature painters produce the nicest resemblance
of the human countenance, in any position, with no other guide,
than the faculty obtained by experience, of estimating the ex-
act shape and proportion, which each part of the original should
bear upon the picture.

Projections.—The projections of a body, are ihe different
modes by which it may be delineated on a plane surface.
That which has already been described, is called the sceno-
graphic projection, and represents objects as they actually ap-
pear to the eye, at limited disiances. The orthographic pro-

* No method fixes the cye so effectually, a6 to rest the teeth upon a solid or
fixed body.
11
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jection represents objects as they would appear to the eye at an
infinite distance, the rays which proceed from them being
parallel, instead of converging. The shadow, which a body
casts in the rays of the sun, may be considered as an ortho-
graphic projection. In this projection, lines which are parallel
in the original, are parallel in the picture, and do not converge
to any vanishing point. Their comparative length, also, is not
affected by difference of apparent distance. T'he orthographic
projection is much used in delineating buildings, machinery,
&c., because those parts of the drawing which are not fore-
shortened, maintain their true rvelative size, so that measures
can be taken from them. In PL II. Fig. 7, No. 1 is the scen-
ograplic, and No. 2, the orthographic projection of a cube.
In addition to these, the term ichnographic projection is
sometimes used to express the horizontal delineation, or ground
plan of an ohject. A bird’s eye view is a scenographic or ortho-
graphic projection, taken from an elevated point in the aiv,
from which the eye is supposed to look down upen the objects.

Isometrical Perspective.—This name has been introduced
by Professor Farrish, to express a kind of drawing peculiarly
convenient in delineations of machinery, and bodies of regular
figure. It is a species of orthographic projection, in which
three planes, at right angles with each other, appear simi-
far and equal. An idea of it may be formed, by supposing a
cube to be so placed, that one of its angles will appear in the
centre, while its outline will be a true hexagon. In this pro-
jection, the sides of the cube appear equal, and all sections of
the cube parallel to either side, will also be equal. All right
angles are represented by angles of 60 degrees, or the supple-
ment of 60 degrees.  All circles parallel to either of the three
planes, will be represented by similar ellipses. Figures not
parallel to either of the planes, may be calculated by easy rules.
Tt is therefore the easiest and most expressive kind of drawing
for the wheelwork, axles, and regular frames of machinery; for
philosophical instruments, and for many architectural designs.*

» For the principles of isometrical drawing, see the Cambridge Philosophical
Transactions; or Gregory’s Mathematics for Practical Men, p. 179.
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In PL 1L fig. 9, is an isometrical view of a cube, with circles
inscribed on its sides, and theaxes of those circles projecting a
short way.,

CHIARO OSCURD,

Next to correct perspective, the most important circumstance
in painting, is the correct distribution of light and shade. To
the skilful management of these, we are indebted for the
strength and liveliness of pictures, and what is technically call-
ed their relief, or the elevation which certain parts appear to
assume above the plane upon which the picture is made.

Light and Shade—Light and shade, as they appear to us
upon natural objects, are the consequences of the rectilinear
nmiotion of the rays cast upon them by luminous bodies. If an
object be exposed to the rays of the sun, or of a single lamp or
candle, those parts or surfaces which are presented directly to
these rays, become strongly illuminated, and acquire a lighter
cast, approaching to white. Those surfaces, which stand ob-
liquely to the light, receive less of the rays, and of course have
a deeper tinge. Those lastly, which are averted from the light,
and receive no rays but such as are reflected to them from oth-
er objects, acquire a very dark shade, approaching, when con-
trasted with the others, towards black.

The distribution of light and shade upon any object, is al-
ways proportionate and correspondent to its shape. An even
or plane surface, exposed to the sun’s rays, will be equally il-
luminated throughout, since whatever be its position, its parts
will all make a similar angle with the rays. But uneven or
irregular surfaces will be unequally illuminated, the prominent
parts receiving most light, and the depressed portions most
shade, an effect which will be increased, if the light falls ob-
liquely or sideways. If the irregularities of surface he sharp
and strong, the changes from light to shade will be sudden,
and the contrast great. On the other hand, if they are smooth
and rounded, the transition will be soft and gradual.
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Association.—As bodies are never seen, except when they
are illuminated, the manner in which light and shade are dis-
tributed upon them, forms by association a part of our ideas of
their shape. Painters have learned to imitate this arrange-
ment of light and shade, by varying the quantity and intensi-
ty of their coloring substances, so as to produce in the mind
the same associations of shape from a plane surface, as would
arige from the falling of light on the original object itself.
This art constitutes what is technically called the chiaro os-
cure, from the Italian words signifying clear and obscure.
Next to perspective it is the most important part of painting,
and there are many cases in which perspective alone would
wholly fail to convey to us a correct idea of the form of objects,
were it not assisted by appropriate insertion of lights and shades.
Thus a circle, a sphere, and a cone, viewed vertically, may all
have the same perspective outline ; but their difference of figure
becomes apparent, as soon as we consider their distribution of
light and shade.

Direction of Light—The most distinct perceptions of
shape are produced when the light falls in one direction, e. g.
when it is received immediately from the sun, or from a sin-
gle window or candle. 'The distinctness of an object is always
impaired, when it is situated between cross lights, or when it
is illuminated by a variety of windows or candles on different
sides of the room. An object may even be so surrounded with
lights, that it shall be impossible to discover its exact shape.
Its outline indeed will be discernible, but the equal illumina-
tion on all sides, will exclude the existence of shadow, and of
course we shall lose the power of appreciating the comparative
distance of its parts from the eye. In most paintings, we find
that the pringipal mass of light falls in one direction. An oh-
lique or a sideway direction, is most common, though a front,
and even a back light, is managed to produce very striking ef-
fects. Painters also exercise their skill with the introduction
of cross lights, from different windows, or lamps; but the sue-
cessful execution of a piece of this sort is more diffienlt, than
with a single light,
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Reflected Light—Owing to the reflection which takes
place from all terrestrial bodies, we find that objects, in most
situations, have not only a principal or direct light, but also a
secondary or reflected one. Henece the darkest part of globu-
lar and cylindrical bodies, is not that which is most remote
from the original light. This part receives from the reflection
of objects beyond it, a faint illumination, so that the darkest
part will be found between it and the part on which the light
directly falls. See the sphere represented, PL III. Fig. 4.

Sharp lights, or such as are intense and sudden, indicate
polished surfaces, and are employed to represent them. Where
they are accompanied by very deep shades, they express great
elevation above the common surface. Faint lights, on the
contrary, imply a dull surface, obscure illumination, or small
elevation.

Expression of Shape—Light and shade are not adequate,
in all cases, to give us certain indications of the forms of bodies.
Surfaces which appear concave in one direction of the light,
may appear convex, if the light is introduced from the oppo-
site side. In contemplating an undulating object, like a cur-
tain, or its picture upon paper hangings, we are often at a loss
to distinguish the elevated, from the depressed portions ; and
by a little effort of the imagination, we can persuade ourselves
that a particular part is at one time elevated, and at another,
depressed. Cameos and intaglios may be mistaken for each
other, and any of the figures [PL IIL fig. 4.] may appear
prominent or depressed, in the same part, by reversing the di-
rection in which the light is supposed to strike upon them.

In cases of this sort, our final ideas of shape are derived, not
only from the object itself, but from its relations with contigu-
ous objects.

Eyes of a Portrait—The influence which the association
of contiguous objects has upon our ideas, is strikingly exempli-
fied in the eyes of a portrait. We estimate the direction of
the eyes, not only from the position of the ball in regard to the
eyelids, but also from the relative position of the remaining
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features of the face. Dr Wollaston has shown, that the same
eyes in a picture, which looks at us, may be made to appear
averted from us, if we apply new features to the lower half of
the face. [PL III. Fig. 3.] The reason, why the eyes of a
portrait appear to follow us, in all parts of the room, is simply,
that the relative position of the features cannot change, so that
if the picture appears to look at us once, it must appear to look
at us always. If we move to one side of a portrait, the change,
which happens, is unlike that which would take place in a bust,
or living face. The picture is merely foreshortened, so that we
see a narrower image of a face, but it is still that of a face look-
ing at us.  And if the canvass be transparent, the same effect
takes place from the back of the picture.

Shadows—Shadows arve cast in the direction opposite to
that by which we suppose the light to enter, and their intro-
duction in pictures, always heightens the effect. A painted
object, is relieved, or raised from the surface, by the expression
of light and shade on itself. But the relief is greatly increas-
ed, if the shadow which it makes on the ground, or other sur-
face, be also introduced. Shadows are commonly softened
ofl' at the edges, or terminate gradually. 'When, however, the
light is strong, or the shadow very near to the object, its ter-
mination is more abrupt.

Aerial Perspective—"T'his name is given hy‘ painters, to
the mode of producing the effect of distance, by a diminution
in the distinctness and brightness of objects, according to their
remoteness from the eye, a,nd the condition of the medium
through which they are seen. 1t is well known, that distant
objects appear indistinct, and of a greyish or blueish tinge, from
the effect produced by the intervening atmosphere. Their in-
distinctness is increased, if the atmosphere is hazy. Their ap-
pearance is also modified by the degree of their illumination, and
by the character of the light which falls on them. The paint-
er, therefore, finds it necessary to consider the depth of atmos-
phere which is interposed between him and his object, the
condition of this atmosphere, and the quantity and color of the
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Shades.—In a colored painting of an object which has any
rotundity of form, there are usually, at least, three tints, or de-
grees of color. These are the light, the middle tint, and the
shade. Of these, the middle tint is the one which represents
the true color of the object, and occupies an intermediate situ-
ation between the light and shade. Thus in the painting of
a red fruit, for instance the cherry, the middle tint is vermilion,
or some similar color, being that which the surface of the fruit
would have, if it were perfectly flat. The part of the fruit
nearest the light, has a very bright color, partaking of white
while the remote parts are shaded with lake or some darker
red. In like manner, a yellow fruit, like the lemon, has not
only the true color of the rind, but is lichtened at the top with
straw color or white, and shaded with brown toward the edges.
It is necessary that the colors used for dark shading, should
be in some degree correspondent with the middle tint, and not
diametrically opposite to it. Thus, in single objects, yellow
cannot be shaded with blue, nor red with green.

Tone.—Pictures differ from each other in the respective
depth of color, which pervades the whole piece. The word
tone, borrowed from the art of music, signifies, in painting, the
peculiar cast, or governing hue, which a picture, or a color,
possesses. Thus if dark masses of color, with feeble lights,
predominate, the piece has a deep or low tone, while if the re-
verse exists, a bright or light tone is produced. Tt is essential
to harmony that a picture should have the same tone through-
out, or that its lights and shades should correspond in their
intensity to the tone which governs the whole.

Harmony.—When different objects are grouped together in
the same view, each one possesses two kinds of ¢olor, the orig-
inal color, and the adventitions. The original color, ofien
called among painters the local color, is that which belongs to
the object itself, independent of situation. The adventitious
color, is that which is reflected upon it from neighbouring objects,
and which of course depends upon situation. For example,
the color of the human face is that which we call flesh color,



ARTS OF DESIGNING AND PAINTING. 89

and, if painted alone, may be represented by the shades of that
color. If, however, it is surrounded by a purple drapery, it re-
ceives a purplish tinge, and requires to be so represented.  In
like manner, a yellow dress communicates to it a yellowish cast,
&c.  An attention to this adventitious coloring, combined with
a uniformity of toue, constitutes the basis of what is technical-
ly called harmony in painting.  Harmony requires that strong
and glaring colors should never he forcibly contrasted with each
other, but that each ohject should partake at its edges of a cer-
tain portion of the color which predominates in objects near to
it. This rule not only produces effects most grateful to the
eye, but an observance of it gives, in fact, the only true repre-
sentation of nature,

Contrast—Colors are divided, by painters, into the warm
and the cold. Warm colors are those in which red and yel-
low predominate. Cold colors are blue, grey, and others allied
to them. Neutral colors are intermediate tints, or mixtures.
Of the various pigments or coloring substances, which painters
employ, none have the genuine brilliancy of the prismatic
rays; and all fall short of the hues produced by nature in liv-
ing objects. The petal of a flower, the feather of a bird, and
the wing of an insect, are tinged with a richness and splendor,
which no factitious colors can equal.  Painters can only ap-
proach, when necessary, towards the brightness of natural col-
ors, by availing themselves of the effect of contrast, and by
heightening one color by the introduction of others, which pre-
pare the eye for its more perfect and favorable reception.

Remarks.—The power of giving true representations of ob-
jects, is derived, originally, from an attentive study of the colors
and appearance which they actually exhibit in nature ; afier-
wards from a comparison of the success of different artists, and
an attention to the means they have employed.  What belongs
to the philosophical part of painting, can hardly be said to ex-
tend beyond the ecorrect imitation of nature. But the inven-
tive part, the design and composition of great pieces, such as
have not necessarily any originals in nature, requires not only

12
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and the wearing of continued friction. A plate of the best
copper is selected, about one fourth of an inch thick, having
one side finely polished, and its edges rounded, to prevent it
from cutting the paper. The engraver works opposite to a
window, having a screen interposed to soften the light, and
the plate placed on an obligue table in the most convenient
position for seeing.

Instrumenis.—'T'he instruments employed in the practice
of the art, are the following. 1. The graver. 'This is a
small steel bar, of a prismatic form, having one end attached
to an oblique handle, and the other ground off obliquely, so as
to produce a sharp point at one angle. In working, this instru-
ment iz held in the palm of the hand, and pushed forward, so
as to cutout a portion of the copper. 2. The dry point.
This is a strong bluntish needle, fixed in a handle, and intend-
ed for drawing the finer lines.  Itis held in the fingers, in the
same way as a pen or pencil. 3. The scraper, a triangular
instrument, with concave sides, and sharp edges, intended for
removing or scraping off’ portions, which are accidentally raised
above the surface. 4. The burnisher. This is merely a
blunt smooth tool, for rubbing out blemishes, and smoothing
the surface of the copper. Various kinds of varnish, rosin,
wax, charcoal, and mineral acids, are also employed in differ-
ent parts of the operation, according to the subject and the style
of engraving which is adopted.

Styles—The principal varieties, or styles, of engraving on
copper, are the following. 1. Line engraving. 2. Stippling.
3. Eitching. 4. Mezzo tinto. 5. Aquatinta. Lithography,
and some other modes of multiplying designs, are imitations
and substitules, rather than species of engraving.”

Line Engraving.—Line engraving, called by the French,
Gravure en {aille dowce, is one of the most common species
of engraving ; and though less elaborate than the second mode,

#* Musical characters are zometimes executed in a mode different from all
these, by making impressions with a punch upon pewter, or some other soft
metal.
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has produced most of the finest and boldest specimens of the
art. In this species, the surfaces and figures, the lights and
shades, are produced by the multiplication of minute lines, cut
in by the graver and dry point, approaching each other so
nearly, that the inequality produced by the admixture of black
and white does not offend the eye, nor interrupt the harmony
of the piece.  The effect and beauty of line engravings, depends
much upon the smoothness of the lines, their gradual swell
and decrease, and their evenness or parallel situation.

For engraving in this manner, the artist transfers the out-
lines of his original drawing, by tracing them with black lead,
on an oiled paper,” and afterwards passing this paper through
the press in contact with the copperplate, which is previously
covered with a thin coating of wax. A sufficient quantity of
the lead adheres to the copper, to enable him to engrave the
outlines with great accuracy. The graver is then held in the
palm of the hand, and pushed forward with a strong but
steady and regular motion until a line is completed. T'he gra-
ver, by its operation, removes a thread of copper from the line,
and at the same time raises the surface on each side of it, form-
ing what is called a burr. This burr is subsequently removed
by the process of scraping and burnishing,  After the outlines
are finished, the dark surfaces are introduced by means of close
parallel lines eut in, in the same manner as before. Grada-
tions of light and shade are produced by the gradual and si-
multaneous tapering of all the lines which constitute the dark
portions, and the sofiness and regularity with which this is
accomplished, greatly aflects the beauty of the piece Very
dark shades are produced by lines crossing each other, either
in squares or lozenges, which are varied according to the na-

* Paper rendered transparent with spermaceti, is useful in tracing figures
with a lead pencil. If paper be varnished with a mixture of Canada balsam,
and oil of turpentine, very distinet lines may be traced on it with the dry point
only, and these may be again transferred, by varnishing the copper, and tracing
them upon it, through the paper.  This method is now much employed by en-
OTAVErS,
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standing all the care which may be taken, the lines will have
an irregularity and roughness, owing to the unequal action of
the acid. There are, nevertheless, subjects, to which this very
irregularity renders etched work peculiarly suited. Those
objects which in nature are rough, and coarse, are well repre-
sented by this species of engraving. The trunks of trees,
broken ground, rocks, walls, cottages, &ec., especially when
executed on a large scale, receive a more natural aspect from
the rough eflect of etching than they ecould do without great
labor from the softer touches of the graver. In landscape en-
graving we commonly find a mixture of methods, the coarser
parts being etched, while objects of more delicacy are cut with
the graver. Lettersand written characters, are mostly cut, and
but seldom etched.

Mezzo Tinto—Engraving in mezzo tinto, or mezzotind,
is the fourth species. 'This method is the reverse of all those
hitherto mentioned, and consists in bringing up lights from a
dark ground. The mezzo tinto was invented by Prince Ru-
pert, in 1649. Since his time, it has been greatly improved,
and though not calculated for general use, it has been applied
to various subjects with great success. For engraving in mez-
zo tinto, the whole surface of the copperplate is first roughen-
ed or covered with minute prominences and excavations, too
small to be obvious to the naked eye; so that if an impression
be taken from it in this state, it has an uniform velvety black
appearance. "T'his roughness is produced mechanically, by the
operations of a small toothed instrument denominated a cradle.
T'his instrument, by continual turns and impressions, which oc-
cupy a great length of time, gradually breaks up and produces
an uniform roughness on the whole surface of the plate. That
the ground, as it is called, may be of the requisite fineness, the
operation must be repeated a considerable number of times,
the position of the plate in regard to the instrament, being va-
ried each time. Thiz is the most tedious part of the labor.
When the plate is prepared, the rest of the process, to a skilful
engraver, is easy, when compared with cutting or stippling.
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thin spirit varnish prepared for the purpose. This varnish is
so fluid, or contains so little resin, that when it dries by the eva-
poration of the spirit, the whole surface breaks up, or cracks
into an infinite number of particles, all adhering to the plate.
After the ground is completed, the vacant paris of the plate, or
those not intended to be occupied by the figure, are stopped
out ; i. e. covered by a thick varnish, impenetrable to acid.
The plate is now surrounded by a wall of wax, as for etching,
and diluted nitric acid is poured on. A chemical action im-
mediately commences in all the interstices between the resin-
ous particles ; and the face of the plate, for the desired extent,
is converted into a porous surface, made up of little prominen-
ces and excavations. 'The lighter shades are stopped out at
an early stage of the process, and the corrosion continued for
the dark ones. After the plate is judged to be sufficiently bit-
ten in, it is cleaned and proved by an impression. If the
ground is good, 4. e. not too faint, too coarse, or too uneven,
the work is then finished by burnishing the shadings to give
them greater softness, and if necessary, by cutting deep lines
or dots in the darkest parts.

Engraving in aqua tinta has the greatest resemblance to
paintings in water colors, orin Indian ink. When well exe-
cuted, the white points which diversify the surface, are nearly
invisible to the naked eye, so that a uniform surface is present-
ed. The art was first invented by a Frenchman, by the name
of Leprince, who for some time kept his art a secret, and sold
his impressions for original drawings. 1t is a mode of engra-
ving well adapted to light subjects, sketches, landscapes, &e.,
and for subjects of which only a few copies or impressions are
wanted. Owing to the fineness of the ground, the plates
wear out rapidly, and seldom yield, when of the ordinary
strength, more than 600 impressions.

Aqua tinta is the most precarious kind of engraving, and re-
quires much experience and attention on the part of the artist,
to succeed well.  If the ground is laid too thick, or too thin,
the result is imperfect. If the corrosion by the acid is not
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continued long enough, the ground is too faint ; if continued
too long; the acid acts laterally, and destroys the whole surface.
It is often necessary to repeat the whole process, and to go
through the operations of laying the ground, stopping out, and
biting, a number of successive times, before a ground is obtain-
ed of sufficient strength and regularity to answer for the press.

Copperplate Printing.—Copperplate printing is performed
by means of a rolling press, in which the plate and paper are
strongly compressed together hetween a eylinder of wood and
a sliding platform. The ink employed for copperplates, is
made of a carbonaceous substance called Frankfort black, and
linseed oil, inspissated by boiling. Oil oust be used, instead
of water, that the inic may not dry during the process ; it is
boiled ¢ill it becomes thick and viscid, that it may not spread
upon the paper. Previously to the operation, the paper is wet,
as for printing with types. The printer, having warmed his
plate over a hed of coals, proceeds to cover its surface with ink
by an instrument resembling a printer'’s roller.  When the
cavities of the engraving are thoroughly charged with ink, the
smooth surface of the plate is wiped as clean from ink as pos-
gible. 'The latter part of the wiping is always performed by
the palm of the hand, aided by a little dry powder, commonly
whiting. The ink remains only in the crevices of the engra-
ving, into which the hand does not penetrate in wiping the
surface. "The plate is next laid on the sliding plank, with its
face upward, and the paper laid upon if.  An elastic substance,
commonly felds of woollen cloth, is placed above and below.
A turn of the cylinder carries the plate under a very strong
pressure, by which portions of the paper are forced down into
all the cavities of the engraving. The ink, or a part of it,
leaves the copper and adheres to the paper, giving an exact
representation of the whole engraving.

Colored Engravings.—Colored engravings are variously
executed. The most common are printed in black outline,
and afterward painted separately in water colors. Sometimes
a surface is produced by aqua tinta, or stippling, and different
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of Munich, who received his education at the University of In-
goldstadt. Having become an author, and being too poor to
publish his works, he tried many plans with copperplates, and
compositions, and accidentally with stone, as substitutes for let-
ter-press, in order to be his own printer. His first essays to
print for publication, were some pieces of music, executed in
1796, after which he attempted various drawings and writings. -
The first productions of the art were rude and of little promise.
Its progress, however, has been so rapid, that it now gives em-
ployment to a vast number of artists, and works are produced
which rival the finest engravings, and even surpass them in
the expression of certain subjects.

Lithographic Stones.—As calcareous stones will all im-
bibe oil and water, and receive the action of acids, they are all
capable of being used for lithography. Those, however, are
best adapted to the purpose, which are compact, of a fine and
equal grain, and free from veins, or timbadded fossils or crystals.
A conchoidal fracture is considered a good characteristic.

The quarries of Solenhofen, near Pappenheim, in Bavaria,
furnished the first plates, and none have as yet been found to
equal them in quality. They are of a uniform, pale yellowish
or bluish white color, and the fracture is perfectly conehoidal.
Generally, the hardest are considered best, provided they are
uniform in texture. Such are necessary for fine chalk draw-
ings, while soller ones answer for ink, or for coarser drawings
in chalk.

In France, stones have been found near Chateauroux, of a

similar color to those of Solenhofen, and even harder, and of a
finer grain, but they are full of spots of a sofier nature, so that
it is difficult to procure pieces of the necessary size. In Eng-
land, a stone has been used for lithography, which is found at
Corston, near Bath. It is one of the white lias beds, but not
so fine in grain, nor so close in texture as the German stone,
and therefore inferior.  In the extensive limestone tracts of the
United States, there is little doubt that future observation will
bring to light stones of a suitable character for lithography.
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To bear the pressure used in taking impressions, a stone
twelve inches square, should be an inch or two'thick ; and the
thickness must increase with the size of the stone.

Preparation.—The stones are first ground to a level sur-
face, by rubbing two of them face to face with sand and water.
To prepare them for ink drawings, they are next polished
with pumice-stone. But when they are intended for challk
drawings, they are merely ground with fine sand, which has
been passed through a sieve, and which produces a smooth and
uniform surface, which is grained and not polished, this sur-
face being best adapted for holding the chalk.

Lithographic Ink and Chalk.—For these materials, the
union of several qualities is required, to obtain which, it is ne-
cessary to combine several substances together,

For lithographic ink, a great many different receipts have
been given, one of the most approved of which is a composi-
tion made of equal parts of tallow, wax, shell lac, and com-
mon soap, with about one twentieth part of the whole, of lamp-
black. "T'hese materials are mixed in an iron vessel. The
wax and tallow are first put in, and heated till they take fire,
after which, the other ingredients are successively added. "The
burning is allowed to continue until the composition is reduced
about one third.

Lithographic ehalf should have the qualities of a good draw-
ing crayon ; it should be even in texture; and carry a good
point. T'he following proportions are among the best. Soap,
1% oz.; tallow, 2 oz.; wax, 1% oz.; shell lac, 1 oz.; lamp-
black, ¥ 0oz. The manipulation is similar to that for the ink.

Mode of Drawing.—With these materials, the artist pro-
ceeds to work on the prepared stone, after wiping it with a dry
cloth. The ink being rubbed with warm water, like Indian
ink, is used on the polished stone, and a gradation of tints
can be obtained, only by varying the thickness of the lines,
and the distance at which they are placed apart. It is neces-
sary to mix the ink to such a consistency, that, while it works
freely, it shall yet be strong enough to stand perfect, through
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slight etching appears to be to produce a chemical, rather than
a mechanical change of surface, and it is by some considered
superfluous, except to discharge the alkali of the soap.

The stone is now carefully washed, by pouring clean rain
water over it, and afterwards gum water; and when not too
wet, the roller, charged with printing ink, is rolled over it in
both directions, till the drawing takes the ink. It is then well
covered with a solution of gum-arabic in water, of about the
consistency of oil. This is allowed to dry, and preserves the
drawing from any alteration, as the lines cannot spread, in
consequence of the pores of the stone bheing filled with gum.

Printing—~When the stone is ready for the press, the
printing ink is applied to it, by means of an elastic roller, cov-
ered with leather. In the lithographic press, the paper is first
brought in contact with the stone, and protected by a tight
cover of strong leather. The whole is then passed under the
edge of a blunt wooden scraper, which is powerfully pressed
down by a double lever, and thus every part of the paper is
successively brought into foreible contact with the stone, and an
accurate impression received of the drawing. The ink is then
reapplied to the stone, and the process repeated for each im-
pression.

Printing Ink—This is composed, as other printing inks
are, of oil-varnish, and fine lampblack. 'T'o prepare the var-
nish, a vessel is about half filled with pure linseed oil, and
heated till it takes fire from the flame of a piece of burning
paper. It should then be allowed to burn, till it is reduced to
the degree of density required.

Remarks.—The great distinction of lithography from engra-
ving is, that it gives a fac-simile of the original drawing, which
retains the freedom and touch of the artisi’s own hand, while,
on the contrary, an engraving must be a copy. This charac-
ter in a lithographic print, arises from the facility with which
the drawing is produced, as the process is exactly that which
the .artist would follow, in making a common drawing. A
further advantage, derived from the same cause, is, that the

14
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well as by the sculptor himself. When a clay model is under-
taken, if the proposed figure be large, a frame of wood or iron
1s erected to give support to the limbs and different parts of the
figure. Upon this frame, a proper quantity of wet clay is dis-
tributed, and wrought into the form of the intended statue.
The moulding of the clay is performed with the hands, and
with various instruments of wood and ivory. When the mod-
el is completed, copies may be taken from it, either by casting
them in plaster, or in metal ; or by chiseling them in marble.

Casting in Plaster—Copies are most frequently taken,
both from new models, and from old statues, by casting them
in plaster. For this purpose, a mould in plaster is first made
from the surface of the statue, or figure, itself ; and this mould
is afterwards used to reproduce the figure by casting. Plaster
is prepared for use by pulverizing common gypsum, and ex-
posing it to the heat of a fire until its moisture is wholly ex-
pelled.* While in this dry state, if it be mixed with water to
the consistence of cream or paste, it has the property of hard-
ening in a few minutes, and takes a very sharp impression.
T'he hardness afterwards increases by keeping, till it approach-
es the character of stone.

Moulds are formed in the following manner. The statue
or figure to be copied, is first oiled, to prevent it from cohering
with the gypsum. A quantity of liquid plaster sufficient for
the mould, is then poured on, immediately after being mixed,
and is suffered to harden. If the subject be a bas-relief, or any
fizure which can be withdrawn without injury, the mould may
be considered as finished, requiring only to be surrounded with
an edging.  Butif it be a statue, it cannot be withdrawn, with-
out breaking the mould ; and on this account it becomes neces-
sary to divide the mould into such a number of pieces, as will
- separate perfectly from the original. These are taken off from
the statue, and when afterwards replaced, or put together,

* The heat requisite for this purpose mugt be greater than that of boiling wa-
ter. Care must be taken not to raise the heat too high, as in that case the sul-
phate of lime would be decomposed
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without the statue, they constitute a perfect mould. This
mould, its parts having been ociled to prevent adhesion, is
made to receive a quantity of plaster, by pouring it in at a
small orifice. The mould is then turned in every direction,
in order that the plaster may fill every part of the surface;
and when a sufficient quantity is poured in to produce the
strength required in the cast, the remainder is often left hollow,
for the sake of lightness, and economy of the material. When
the cast is dry, it is extricated by separating the pieces of the
mould, and finished by removing the seams and blemishes
with the proper tools.* If the form or position require it, the
limbs are cast separately, and afterwards cemented on.

Moulds and busts are obtained in a similar manner from
living faces, by covering them with new plaster, and removing
it in pieces as soon as it becomes hard. Tt is necessary that
the skin of the face should be oiled, and, during the operation,
the eyes are closed, and the person breathes through tubes in-
serted in the nostrils. i

Elastic moulds have been formed by pouring upon the fig-
ure to be copied, a strong solution of glue. This hardens up-
on cooling, and takes a fine impression. It is then cut into
suitable pieces and removed. The advantage of the elastic
mould is that it separates more easily from irregular surfaces,
or those with uneven projections and under cuttings, from
which a common mould could not be removed without vio-
lence.t

* Plaster casts are varnished by a mixture of soap and white wax in boiling
water. A quarter of an ounce of =oap is dissolved in a pint of water, and an
equal quantity of wax afterwards incorporated. The cast is dipped in this li-
quid, and after drying a week, is polished by rubbing with soft linen. The sur-
face produced in this manner approaches to the polish of marble,

When plaster casts are to be exposed to the weather, their durability is great-
ly inereased by saturating them with linseed oil, with which wax or rosin may
be combined.  When intended to resemble bronze, a soap is used, made of lin-
seed oil and soda, colored by the sulphates of copper and iron.  Walls and ceil-
ings are rendered water proof in the same way. See an abstract of a memoir
of IV Arcet and Thenard, in Brande's Journal, vol. xxii. 184, and Franklin
Journal, i, 276.

t See a paper by Mr Fox, republished in the Franklin Journal, vol, jii,
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rial of sculpture, both in ancient and modern times, yet other
substances have been occasionally made subjects of the chisel.
Statuesof porphyry, granite,serpentine,and alabaster, are found
among the remains of antiquity. Other materials of a less du-
rable kind, were also employed. Some of the principal works
of Phidias were made of ivory and gold, particularly his co-
lossal statues of Jupiter Olympius, and Minerva, at Athens.

Objects of Seulpture—~In sculpture, as in the other imita-
tive arts, two ends propose themselves to the skill of the artist.
One consists in the imitation of a particular object, in which
case the art of the sculptor can be expected only to equal, but
not to surpass, his original. The other consists in new combi-
nations of excellence, and in the invention of forms and ex-
pressions, which are not known to exist together in nature,
but are embodied in the imagination of the artist. Beauty in
objects thus conceived, constitutes the beau idéal in art, lo
attain which, has ever been the ambition of cultivators of the
fine arts. In statuary, the specimens which have descended
to us from the ancient Greeks, are by universal consent admit-
ted to be the most perfect designs of beauty, and furnish the
common models for study and imitation, at the piesent, as in
all former ages.

Gem Engraving.—The art of cutting precious stones, is
more properly a species of sculpture, than of engraving. The
hardness of these stones renders it impossible to operate on them
by the strongest steel instruments.  They are therefore wrought
in a slow manner, by grinding them away upon the surface
of a wheel, commonly made of metal, and covered with the
grit, or fine powder of some hard substance. The diamond
can only be ground, or cut, with itsown dust. Rubies, agates,
emeralds, &c., are cut and polished with emery or tripoli, in
fine powder. Lapidaries make use of small wheels, balls,
and drills, of various forms, made of iron, or copper, which
revolve with great rapidity, and act upon the stone through
the medium of the pulverized material on their surface. They
also use wires covered with emery, for the purpose »f sawing
plates.
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The different mouldings in architecture are described from
their sections, or from the profile which they present, when
eut across.  Of these the forus is a convex moulding, the sec-
tion of which is a semicircle or nearly so [PL L. Fig. @.] The
astragal, is like the torus, but smaller [IMig. b.] The ovolois
convex, but its outline is only the quarter of a circle [Fig. ¢.]
The echinus resembles the ovolo, but its outline is spiral, not
circular [Fig. d.] The scotia is a deep, concave moulding
[Fig. e.] The cavetto is also concave, and occupying but a
quarter of a circle [Fig. f.] The eymatium is an undulated
moulding, of which the upper part is concave, and the lower
convex [Fig. g.] Theogeeor talon,is an inverted cymatium
[Fig. h.] 'The fillet is a small square or flat moulding [Fig. 4.]*

Measures.—In architectural measurement, a diameter
means the width of a column at the base. A module is half a
diameter. A sninute is a sixtieth part of a diameter.

Drawings.—In representing edifices by drawings, archi-
tects make use of the plan, elevation, section, and perspective.
The plan is a map, or design, of a horizontal surface, show-
ing the ichnographic projection, or ground work, with the re-
lative position of walls, columns, doors, &ec.i  The elevation
is the orthographic projection of a front, or vertical surface ;
this being represented, not as it is actually seen in perspective,
but as it would appear if seen from an infinite distance. The -
section shows the interior of a building, sipposing the part in
front of an intersecting plane, to be removed. The perspec-
tive shows the building as it actually appears to the eye, sub-
ject to the laws of scenographic perspective. The three former
are used by architects, for purposes of admeasurement, the lat-
ter is used also by painters, and is capable of bringing more
than one side into the same view, as the eye actually perceives
them.

* By a singular mixture of derivations, the Greek, Latin, Ttalian, French, and
English languages are laid under contribution for the technical terms of Ar-
chitecture,

t See various plans of temples on pages 137, 138,
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a circular cell within the colonnade, they were called Perip-
teral.”

Girecian Theatre—~—The theatre of the Greeks, which was
afterwards copied by the Romans, was built in the form of a
horse shoe, being semicircular on one side, and square on the
other. The semicircular part, which contained the audience,
was filled with concentric seats, ascending from the centre, to
the outside. In the middle, or bottom, was a semicircular floor
called the orchestra. The opposite, or square part, contained
the actors. Within this was erected, in front of the audience,
a wall ornamented with columns and sculpture, called the
scena. The stage, or floor, between this part and the orches-
tra, was called the proscenium. Upon this floor was often
erected a moveable wooden stage, called, by the Romans, pul-
pitum. The ancient theatre was open to the sky, but a tem-
porary awning was erected to shelter the audience from the
sun and rain.

Remarks.—Grecian architecture is considered to have been
in its greatest perfection in the age of Pericles and Phidias.
The sculpture of this period, is admitted to have been superior
to that of any other age ; and although architecture is a more
arbitrary art, than sculpture, yet it is natural to conclude, that
the state of things which gave birth to excellence in the one,
must have produced a corresponding power of conceiving sub-
limity and beauty in the other. Grecian architecture was, in
general, distinguished by simplicity of structure, fewness of
parts, absence of arches, lowness of pediments and roofs, and
by decorative curves, the outline of which was a spiral line, or
conie section, and not a circular are, as afterwards adopted by
the Romans.

* The infercolumniation, or distance between the columns, according to Vi-
truvius, was differently arranged under the following names.  In the pycnostyle,
the columns were a diameter and a half apart.  In the systyle they were two di-
ameters apart. In the diastyle, three. In the ar@ostyle, more than three. In
the eustyle, two and a quarter.
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Plate I'V.—This plate is intended to give a view, upon the
same scale as PL 1, of various examples of Grecian architec-
ture, the remains of which are extant at the present day.
The limits of the plate permit only the front elevation to be
given, which, in the oblong Grecian temples, was the end of
the building.

No. 1, represents the principal temple at Pwestum, in Italy.
At this place are now standing, the walls and colonnades of
three temples, built in the ancient Doric stvle, and andoubted-
ly erected by a Grecian colony in that country. 'The charae-
ters of this early Doric, are short and heavy columns, much
diminished upwards, large capitals, and a massive entablature,
nearly half as high as the columns. 'The outline of the col-
umns in this building is straight, or without entasis. The
temple appears to have been hypetihral, though the number
of columns is less than in the rule preseribed by Vitruvius,

No. 2, is the Temple of Concord, commonly so called, at
Agrigentum, now Girgenti, in Sicily. It is erected in the mas-
sive style of the older Doric, on a stylobate of four steps, and,
with the exception of the roof, is in a state of good preservation
at the present day. Other Dorie ruins are found in the same
place, also at Segesta, Selinus, and other parts of Scicily. Views
of these structures are given in Wilking' Magna Greacia.

No. 3, is the Temple of Theseus, at Athens, situated in the
lower part of that city, some way from the Acropolis. It is the
most perfectly preserved of any of the Athenian edifices, its col-
umns and walls having suffered scarce any dilapidation. At
~ the top of its stone platform, or stylobate, it measures 104 feet
in length, by 45 in breadth, and has six columns on each frout,
with thirteen on each side, counting those at the angles.  The
temple of Theseus was erected by Cimon, the son of Miltiades,
about 450 years before Christ. The sculptures upon the frieze
of this building, are supposed by Stuart, and others, to refer to
the exploits of Theseus, but according to Mr Wilkins," they
represent the labors of Hercules.

* Topography and buildings of Athens, Svo. 1516.
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No. 4, is the Propylea, at Athens, a structure of much
beauty, which commanded the entrance to the Acropolis, or
citadel. Besides a portico of six Doric columns on each front,
it had an Tonic colonnade within, and a separate quadrangular
building attached to each side. Before the entrance, are two
large pedestals, supposed to have supported equestrian statues.
The Propylza were ascended by steps at different stages, and
had also an inclined plane for carriages. This building was
erected in the time of Pericles, and is now in a ruinous state,
a great portion of what remains being hidden hy the walls of
the Turks. No. 5, is a transverse section of the Propylea,
made at right angles with the former view, and showing the
different ascents.

No. 6, is the fagade of the Parthenon, or temple of Miner-
va, situated on the summit of the Acropolis, at Athens. This
building is now considered the best model for the Doric order,
and no edifice, ancient or modern, commands such general ap-
plause at the present day. It was built by the architect Ictinus,
during the administration of Pericles, about 440 years before
Christ. Its decorative sculptures are supposed to have been
executed under the direction of Phidias. The Platform or
stylobate, consists of three steps, the uppermost of which is
227 feet in length, and 101 in breadth. The number of col-
umns is eight in the portico of each front, and seventeen on
each flank, besides which there is an inner vow of six columns
at each end of the cell.  The proportional height of the col-
umns is five diameters and 33 minutes, and they diminish
thirteen minutes in diameter, from bottom to top. T'he sculp-
tures on the frieze represent the combats of the Centaurs and
Lapithe. Those on the eastern pediment, represented the
fabulous birth of Minerva ; and those on the western, the con-
tests between that goddess and Neptune, for the right of pre-
siding over the city. When Athens was visited by Wheler,
in 1676, the Parthenon remained entire, with the exception of
its roof.  But during the siege of the city by the Venetians, in
1687, a shell which exploded in the midst of the cell, destroy-
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ed the whole central part of the wall, together with nineteen
of the columns. Most of the sculpture of both pediments has
also disappeared.

No. 7, is the choragic monument of Thrasyllus, situated
without the Acropolis, and constituting the front of a grotto.
It is not, strictly speaking, of any architectural order, but de-
parts from the Dorie, in having a row of cireular wreaths, in-
stead of triglyphs, and a continuous row of gutte at the bottom
of the frieze.

No.-8, is the small Tonic amphiprostyle temple on the
banks of the Ilissus, which was standing in Stuart’s time, but
Tas now wholly disappeared. The delineations obtained from
this building by Stuart, huve since furnished the most popular
models of the Ionic order.

No. 9, is the Erectheum, an Ionic building, much admired,
in the Acropolis, at Athens. It comprises two temples, one
dedicated to Minerva Polias, the other to the nymph Pandrosus.
The smaller portico of the Pandroseum, is remarkable for a
row of Caryatides, or female statues, which perform the office
of columns in supporting the entablature.* No. 10, is an
lonic capital from the temple on the Ilissus. Those of the
temple of Minerva Polias were similar in the general form of
the volutes, but had also an ornamented neck above the
flutings.

No. 11, represents the fagade of the Temple of Apollo Did-
ymeeus, near Miletus. It was among the most celebrated
Grecian structures. Tt was termed by Strabo, the greatest of
all temples, and was ranked by Vitruvius, with that of Diana,
at Ephesus. Although few of its colamns are now standing,
the ruins give evidence of its original size and magnificence.
It appears to have been a dipteral temple, surrounded with a
double row of columns, triple in front, and in all 112. Views

* One of these statues was carried off by Lord Elgin, and is placed with
other Athenian marbles in the British Museum. Stoart makes this building
to consist of three temples, viz. those of Erectheus, Minerva Polias, and Pan-
drosus. Mr Wilkins divides it into two.
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of this building are given in the Tonian Antiquities, and in the
Voyage Pittoresque of Choiseul Gouffier.

No. 12, is the choragic monument of Liysicrates, at Athens,
sometimes improperly called the Lantern of Demosthenes.
This elegant little structure has a circular ornamented roof of
one stone, and six Corinthian columns engaged in a circular
wall, the whole supported on a square basis. It is now half
inclosed in a modern convent.

No. 13, is the octagon tower, at Athens, commonly called
the Tower of the winds, from the emblematic sculptures on its
sides. Its sides are marked with lines for indicating the hour
of the day by the shadows of gnomons.

ROMAN S8TYLE.

Roman architecture had its origin in copies of the Greek
models. All the Grecian orders were introduced into Rome,
and variously modified. Their number was augmented by the
addition of two new orders, the Tuscan and the Composite.

Tuscan Order.—'This order, derived from the ancient
Etruscans, is not unlike the Doric deprived of its triglyphs and
mutules. It had a simple base containing one torus. Its col-
umn was seven diameters in height, with an astragal below
the capital. Itsentablature, somewhat like the Ionic, consisted
of plain, running surfaces. There is no vestige of this order
among ancient ruins, and the modern examples of it are taken
from the descriptions of Vitruvius [Pl. VIL. Fig. 6].

Roman Doric—"The Romans modified the Doric order by
increasing the height of its column to eight diameters. In-
stead of the echinus which formed the Grecian capital, they
employed the ovolo, with an astragal and neck below it.
They placed triglyphs over the centre of columns, not at the
corners, and used horizontal mutules, or introduced foreign or-
naments in their stead. The Theatre of Marcellus has exam-
ples of the Roman Doric [PL. VII. Fig. 8].

Roman Ionic.—The Romans diminished the size of the vo-
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lutes in the Ionic order. They also introduced a kind of Ionic
capital in which there were four pairs of diagonal volutes, in-
stead of two pairs of parallel ones. This they usually added
to parts of some other capital, but at the present day itis often
used alone, under the name of modern Ionic.

Composite Order—'This fifth order was made by the Ro-
mans out of the Corinthian, simply by combining its capital
with that of the diagonal, or modern Tonic [PL VIL Fig. 11.]

- Tis best example is found in the arch of Titus. The favorite
order, however, in Rome and its colonies, was the Corinthian,
and it is this order which prevails among the ruins, not only
of Rome, but of Nismes, Pola, Palmyra, and Balbec.

Roman Structures.—The temples of the Romans, some-
times resembled those of the Greeks, but often differed from
them. The Pantheon, which is the most perfectly preserved
temple of the Augustan age, is a circular building, lighted only
from an aperture in the dome, and having a Corinthian por-
tico in front. The amphitheatre differed from the theatre,
in being a complete circular, or rather elliptical building, filled
on all sides with ascending seats for spectators, and leaving
only the central space, called the arena, for the combatants
and public shows. The Coliseum is a stupendous structure of
this kind. The aqueducts were stone canals, supported on
massive arcades, and conveying large streams of water, for the
supply of cities. The triumphal arches were commonly solid
oblong structures, ornamented with sculptures, and open with
lofty arches for passengers below [Pl VI. Fig. 8] The Ba-
silica of the Romans, was a Hall of Justice, used also as an
exchange, or place of meeting for merchants. It was lined on
the inside with colonnades of two stories, or with two tiers of
columns one over the other. The earliest christian churches
at Rome, were sometimes called basilicze, from their possessing
an internal colonnade. "The monumental pillars, were tow-
ers in the shape of a column on a pedestal, bearing a statue on
the summit, which was approached by a spiral staircase within.
Sometimes, however, the column was solid. The Therma,
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it is wanted. Heat constantly tends to an equilibrium, and,
unless this tendency be retarded, dwelling houses and their
apartments will cool, as fast as they are warmed. The chief
causes which operate to cool apartments, are—1. The escape
of the warm air upward, through crevices, apertures, and
chimnies. 2. The power of conducting and of radiating heat,
which all substances possess in a greater or less degree, and
by which the internal heat of houses is gradually conveyed to
the external atmosphere. To obviate the first of these causes,
apartments should be made as tight as possible ; and to pre-
vent the second, at least in part, their wallz should be made
thick, and of materials which are slow conductors of heat.

Crevices—As crevices in rooms commonly occur from the
shrinking of their materials, care should be taken to employ, in
building, wood which is thoroughly seasoned, and which is
known to be permanent in its dimensions. Of the kinds of
wood employed for doors and windows, mahogany is the most
permanent, and next to this is pine. Oak, and some other
hard woods, are very liable to shrink and crack.

Chimnies.—Chimnies occasion less expenditure of warm air
from rooms, than their size would lead us to expect, because
they open at the bottom, or near the floor. 1If, therefore, the
room be tight, and the chimney cold, the warm air, while at
vest, will be retained in the upper portion of the room, or that
which is above the fire place, as effectually asin a gasometer.
But if a chimney is heated, and a current thus established
through it, it may then drain off’ the air of the apartment ; and
hence the foundation for the common belief that a room be-
comes colder in the night, for having had a fire in the day.
The warm air may be retained, if the throat of the fire place
be closed with a damper. .

Entries and Skylights.—Entries, as they are commonly
constructed, extending from the bottom of a house to the top,
have a bad influence on the retention of heat. The evil is in-
creased, when they are surmounted with a skylight, the panes
of which are arranged like tiles, and not air tight. Such en-
tries are difficult to warm, and serve to drain ofl the warm air
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air must bring the surface of the culvert to a temperature ap-
proaching that of the surface of the ground.

Smoly Rooms.—Under the head of ventilation may be
placed the art of remedying smoky apartments. ~ Smoke is a
heterogeneous vapor, composed of the gases which result from
combustion, together with a quantity of opaque matter, which
escapes from the fuel without being burnt. Smoke is specifi-
cally heavier than the atmosphere, and always descends after
it is cooled, as may be seen by observing the current of smoke
from a chimney in a cold morning. At the time however of
its disengagement from the fire, it is rarefied by heat, and will
always ascend through a chimney properly constructed, if it
is not prevented by some opposing influence. The causes
which produce smoky apartments are principally the following.

Damp Chimnies—When a fire is first made in a chim-
ney which has not been used for many months, it is apt to
smoke. This is beeause the chimney is cold, and the column
of air which it contains is not lighter than the surrounding at-
mosphere. The difficulty of remedying this evil is ereater, if
the bricks have absorbed much moisture, or the chimney be
new ; as in this case the chimney will not be well heated, till
the moisture is evaporated. To expedite the drying and heat-
ing of the chimney, a window should be kept open on the
side against which the wind blows, and the communication
with the rest of the house, at the same time, closed. This
will mechanically assist the smoke and hot air in ascending
the chimney.

Large Fire Places.—1If a fire place be made too high, it will
be liable to smoke ; for, since the throat of the chimney takes
in air from all directions, if the fire be too remote from this
point, its smolke will be less likely to find its proper way. On
the other hand, the lower the mantel piece is brought, the
nearer will the fire place approach to the character of a wind
furnace. In like manner, if the throat of the fire place be too
large, the air of the room, as well asthat of the fire, will pass free-
ly up the chimney, and thus the whole included air being cold-
er, its current will be more sluggish. The advanced back of
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nating body. Place two lights, which are to be compared with
each other, at the distance of a few feet, or yards, from a screen
of white paper, or a white wall. On holding a small card
near the wall, two shadows will be projected on it, the darker
one by the interception of the brighter light, and the fainter
shadow by the interception of the duller light. Bring the faint-
er light nearer to the card, or remove the brighter light farther
from it, till hoth shadows acquire the same intensity, which the
eye can judge of with great precision, particularly from the
conterminons shadows at the angles.  Measure now the distan-
ces of the two lights from the wall or screen, and the squares
of these distances will give the ratio of illumination. "Thus if
an argand flame and a candle stand at the distances of ten
feet and four feet respectively, when their shadows are equally
deep we have the square of ten and the square of four, or 100
and 16, as their relative quantities of light. In this experiment
the spectator should be equidistant from each shadow.

Glas Lights.—In the flame of a common lamp or candle,
the combustible matter is not burnt until it has first been con-
verted into vapor, or inflammable gas. This gaseous matter is
burnt as fast as it is generaied, in consequence of being brought
immediately in contact with the atmospheric air; and set on
fire by the same heat which produces it. Itis found, however,
if certain combustibles be exposed to heat, and if the inflam-
mable gas, which they yield, be kept separate from the atmos-
pherie air, that this gas may be conveyed in pipes to any dis-
tance, and burnt for light in any place where a stream of it is
discharged into the atmosphere. In this way various combus-
tibles ‘may be used which are not capable of being burnt in
lamps, and a brilliant and economical light obtained from them.
The materials chiefly employed for this purpose, are pitcoal,
and animal oil. Various other substances are capable of sup-
porting gas lights, such as bitumen, rosin, oleaginous vegetable
seeds,” other oily or resinous bodies, and even wood, and turf.

* Professor Olmstead has found that cotton seed produces gas of a superior
kind for purposes of illumination. See his aceount of this article in Silliman’s
Journal, vol. vili. p. 29, and x. 363.
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The inflammable gas, which is procured from all these substan-
ces 1s chiefly carburetted hydrogen. Of this, two kinds are
known, the first sometimes called olefiant gas, and the other
subcarburetted hydrogen. Mr Brande, however, considers the
last species as merely a mixture of the first with hydrogen.
"T'he fitness of a mixed gas for purposes of illamination, is de-
pendent on the quantity of carburetted hydrogen which it con-
tains, other things being equal.

Coal Gas—The use of coal gas for puposes of illumina-
tion, appears to have been first introduced by Mr Murdoch, in
1792, although its power of affording a lominons flame was
known much earlier. It is found that the bituminous coals,
and particularly cannel coal, afford ihe most and the best illu-
minating gas. Some of the Anthracites, according to Profes-
sor Silliman, afford as much gas as Liverpool coal, but it burns
with a feeble flame, and is unfit for the purposes of illumina-
tion.

In the manufacture of coal gas, the coal is placed in iron
retorts, which are subjected to a strong heat in a furnace. The
gas is thus driven off, mixed with the vapor of tar, oil, and am-
moniacal water, and in this state is conducted by pipes first in-
te a herizontal trunk of cast-iron, called the hydraulic main,
and from thence into a condensing apparatus, surrounded
with eold water, where the vapors of the tar, oil, and water,
are condensed and fall down, while the gaseous product is con-
veyed along, containing several impure gases, such as sulphur-
etted hydrogen, and carbonic acid.

In order to separate the carburetted hydrogen from these
impurities, various contrivances have been adopted. The
usual method of purifying coal gas, is to make it pass through
a mixture of lime and water, called Cream of Lime, which
absorbs or combines with the contaminating gases. For this
purpose, a considerable number of purifiers are erected, and the
lime and water are kept in a state of constant agitation, either
by a steam engine, or by one or two men, till the gas is ren-
dered sufficiently pure. Sometimes the purification is effected
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wash vessels, where, by bubbling through water, or through
fresh oil, it is cooled and rendered fit for use. It then passes
by a proper pipe into a gasometer, from which it is suffered to
pass off in pipes, in the usual manner, to its places of destination.

The poorest kinds of oil, which are unfit for burning in
lamps, produce excellent gas. This is, indeed, the chief source
of economy in the process.

According to Mr Brande, a light equal to ten wax candles
for one hour, requires for its production, 2600 cubic inches of
pure carburetted hydrogen, or olefiant gas, 4875 cubic inches
of oil gas, or 13120 cubic inches of coal gas.

Gasmeter.—In dispensing gas for the illumination of par-
ticular rooms, it was found necessary to possess some method
of measuring the quantity expended in each place. An in-
genious instrument, called the gasmeter, has been introduced
for this purpose. It consists of a horizontal cylinder partly
filled with water, within which another cylinder revolves on
an axis, having its interior surface divided into several compart-
ments. These compartments, being successively filled with
the gas, as it passes through, rise out of water like inverted
buckets of an overshot wheel, and cause the inner cylinder to
revolve. 'The number of revolutions is registered by machine-
ry, and thus the quantity of gas which escapes in a given time
1s estimated.

Portable Gas Lights.—The magnitude and expense of
gas works, prevents the use of them, except in cases where a
large number of lights are wanted, within a convenient distance
from the gasometer. The gas, however, may be conveyed to
any distance, by condensing it in strong vessels of iron or cop-
per, made of a small or portable size. The gas is forced into
these vessels by a condensing pump, and whenafterwards suffer-
ed to escape through a small orifice, is capable of supporting a
flame for many hours. The economy, however, of this pro-
cess has with reason been doubted.

Safety Lamp.—In coal mines an inflammable gas is gen-
erated, called fire damp by the miners, and composed chiefly



ARTS OF ILLUMINATION. 191

of carburetted hydrogen. This gas, when mixed with atmos-
pheric air is liable to take fire from the flame of a lamp or
candle, and to explode with great violence. Terrible accidents
have happened, and many lives have been destroyed, from
these explosions. To prevent such accidents, several trouble-
some and circuitous modes of obtaining light were resorted teo
by the miners ; such as striking sparks from a wheel, and in-
closing a lamp within a tight lantern, which was supplied with
air from a bellows.  All these are now superseded by the safe-
ty lamp of Siv Humphrey Davy. This important invention
consists simply of a lamp, the flame of which is wholly enclo-
sed in a eylinder of fine wire gauze. Its operation depends
on the principle discovered by Sir H. Davy, that explosive
mixtures cannot be inflamed through minute apertures in me-
tallic surfaces, or tissues. The wire gauze, being a powerful
conductor and radiater of heat, cools a flame which is in con-
tact with it, so as to deprive it of the power of producing an
explosion on the other side. If this lamp be immersed in an
explosive mixture, the gas will be inflamed, and burn on the
inside of the gauze eylinder, but not on the outside. In these
cases the flame of the lamp first enlarges, and is then extin-
guished, the whole of the cage being filled with a lambent
blue light. If the supply of gas be withdrawn, this appearance
gradually ceases, and the wick becomes rekindled.

Lamp without Flame—"This curious instrument may be
made by winding upon the wick of a lamp containing alcohel,
a fine wire of platinum, not more than a hundredth part of an
inch in thickness. There should be about sixteen spiral turns,
one half of which should surround the wick, and the other
half rise above it. Having lighted the lamp for an instant, on
blowing it out, the wire will become brightly ignited, and will
continue to glow as long as any alcohol remains, without the
blaze being any more renewed. 'T'he principle depends upon
the slow combustion which is found to take place in inflam-
mable or explosive mixtures, at a lower temperature than is
necessary to produce inflammation. This combustion is not
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Azletrees.—When wheels are perfectly upright, the ends of
the axles should be cylindrical ; but in dished wheels they are
made conical and inclined downward, so as to male their under
surface horizontal. In this case, the wheels spread most at top,
and the lower spokes are most nearly vertical. The ends of
the axletree are often inclined a little forward, which arrange-
ment causes the wheels to run inward, and prevents them from
pressing on the linch-pin. The friction, however, is increased.
In some locomotive carriages, the axleis fixed to both wheels,
and turns with them. This mode of connexion causes great
strain and friction, whenever the path is in any other than a
straight line, from the necessity, which is produced, that the
wheels should keep pace with each other in their revolu-
tions.

Springs.—The effect of suspending a carriage on springs,
is to equalize the motion, by causing every change to be more
gradually communicated to it, and to obviale shocks by con-
verting percussion into pressure. Springs are not only useful
for the convenience of passengers, but they also diminish the
lahor of draught; for whenever a wheel strikes a stone, it rises
agains! the pressure of the spring, in many cases without ma-
terially disturbing the load ; whereas, without the spring, the
load, or a part of it, must rise with every jolt of the wheel, and
will resist this change of place with a degree of inertia propor-
tionate to the weight and the suddenness of the percussion.
Hence springs are highly useful in baggage waggons and other
vehicles used for heavy transportation.®

Attaching of Horses.—-Horses draw most advantageously
when they are either single, or harnessed abreast of each other.
When two horses draw side by side, they are equally near to
the load, and have the same line of traction. If their traces
are attached, as is frequently done, to hooks on the ends of a
crossbar, which in its turn is connected to the carriage by a
staple projecting behind, a compensation will be thus made

would be a useless refinement toaveid it. The same is true of the word factory
for manufactory, and also of many mechanical terms.
* Scc a paper by Mr Gilbert, in Brande's Journal, vol. 19.
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for any difference in the strength or activity of the animals.
In Fig. 2, the centre E upon which the bar moves is consider-
ably behind the points of attachment, A and B. Hence, when
one end falls back, so that the arm A B assumes the position
C D, the foremost horse will have Fig. 2.

the disadvantage of acting by a
lever equal only to E F, while the
other horse acts by a lever equal

............................

to E C. In the narrow streets of € ] F

cities, a custom has arisen of harnessing draught horses before
each other, in a single line, probably for the sake of room and
the convenience of the driver. But in this situation, only the
shaft horse has an advantageous line of draught. The re-
maining horses draw nearly in a horizontal line, and of course
at a disadvantage. Besides this, the foremost horses being at-
tached to the ends of the shafts, do not act directly upon the
load, but expend a part of theit force in vertical pressure upon the
back of the shaft horse, which is increased in drays, sleds, and
all low carriages. This will beseen by inspecting Fig. 3, where
Fig. 3.

it is obvious that the line of draught of the first horse cannot
hecome direct, without crippling down the shaft horse. The
best mode of remedying this difficulty, would apparently be, to
attach the traces of the forward horse to a strong hook project-
ing downward from the end of each shafi, so as to bring the
traces into the proper line of traction, by directing them more
nearly towards the centre of the wheels. It is true that the
shaft horse derives a certain degree of mechanical advantage
from vertical pressure, like that which would result from an
increase of his weight. Yet this, although useful in short ex-
ertions, is not so when continued through a day’s fatigue.
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BRIDGES.

The construction of small bridges is a simple process, while
that of large ones, is, under certain circumstances, extremely
difficult, owing to the fact that the strength of materials does
not increase in proportion to their weight, and that there are
limits beyond which no structure of the kind could be carried,
and withstand its own gravity. Bridges differ in their construc-
tion, and in the materials of which they are composed. The
principal varieties are the following.

1. Wooden Bridges.—These, when built over shallow and
sluggish streams, are usually supported upon piles driven into
the mud, at short distances, or upon frames of timber. But in
deep and powerful currents it is necessary to support them on
strong stone piers and abutments, built at as great a distance as
practicable from each other. The bridge between these piers
consists of a stiff frame of carpentry, so constructed with refer-
ence to its material, that it may act as one piece, and may not
bend, or break, with its own weight and any additional load
to which it may be exposed. When this frame is straight, the
upper part is compressed by the weight of the whole, while the
lower part is extended like the tie-beam of a roof. But the
strongest wooden bridges are made with curved ribs, which rise
above the abutments in the manner of an arch, and are not sub-
jected to a longitudinal sirain by extension. 'These ribs are
commonly connected and strengthened with diagonal braces,
keys, bolts, and straps of iron. The flooring of the bridge may
be either laid above them, or suspended by trussing underneath
them. Wooden bridges are common in this country, and
some of them are of large size. One of the most remarkable
is the upper Schuylkill bridge at Philadelphia, which consists
of a single arch, the span of which is 340 feet.

2. Stone Bridoes.—These, for the most part, consist of
regular arches built upon stone piers constructed in the water,
or upon abutments at the banks. Above the arches is made a
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well proposes * to regulate the times of starting in both direc-
tions, and also the velocity of the faster and the slower car-
riages, by auniform arrangement, sothat theyshall always move
in concert, and meet at the passing places at stated times, and
at no other times or places. By an easy calculation, the more
rapid vehicles may be so regulated as to overtake the slower
ones exactly at the passing places, and a coach moving at the
rate of nine miles an hour, may experience no hindrance from
a multitude of waggons moving with a third part of the ve-
locity.

When forks in a rail road occur, at the passing places, or
elsewhere, a part of the rails is rendered moveable, so as to di-
rect the wheels upon either track. When the railway crosses
a public road, it is made to pass at a lower level than the com-
mon surface, and is protected from carriage wheels by an ele-
vated edging of wood or stone ; but when the single rail crosses
a road, a part of it must be made to swing open like a turnpike
gate. Railways require to be kept as free as possible from dirt,
which greatly increases the resistance. Mr Palmer found upon
a tram road, that it required 19 per cent. more power to draw
the same carriages when the rails were slightly covered with
dust, than when they were swept clean.

Propelling Power.—Horses are extensively employed for
drawing loads upon railways, a horse being supposed capable
of drawing eight times as much as upon a common road.
Locomotive steam engines are now much employed upon
railways, particularly in England. They were at first made
to propel carriages by means of a toothed wheel, which acted
upon a rack attached to one of the rails; but at the present
day, they are made to act by the friction only of the carriage
wheels upon the plain rail. These engines are always made
of high pressure, since those of low pressure are rendered too
heavy by the weight of the water necessary for condensation.
Great improvements have lately been made in the construction
of locomotive engines, particularly by Messrs Brathwaite and

* Franklin Journal, vol. iv. p. 278.
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of air, or a current of water, out at the stern of the vessel. 4.
Spiral wheels and water screws, or wheels with oblique vanes,
like those of a windmill, have been made to turn under water,
with their axes parallel to the keel of the vessel. 5. Oblique
planes acting with an alternate, instead of a revolving stroke,
were recomimended by Bernoulli. 6. Paddle wheels. These,
from their simplicity and advantageous mode of action, have in
common use superseded all the rest. They consist of paddles
or float-boards attached to the arms, or spokes, of a wheel, the
axis of which is at right angles with the keel. Their common
place is on the sides of the boat, as in the annexed figure.
Fig. 10.

P

The outline of the float-boards, or paddles, is commonly rec-
tangular, though Mr Tredgold recommends that their outer
extremity should be parabolic. The best position for the pad-
dles is in a plane passing through the axis of the wheels, but
with this position they strike the water obliquely in entering,
and lift a considerable quantity on quitting it ; both of which
motions occasion loss of power.  Attempts have been made to
correct this disadvantage by various mechanical arrangements,
in which the paddles are made to enter and leave the water
perpendicularly ; but want of simplicity, and objections of vari-
ous other kinds, have prevented them from coming into use.

It has been proposed to fix a series of paddles upon longitudi--

pal chains, passing round wheels, and parallel to each side of
the vessel. By this mode a number of perpendicular paddles
would act upon the water at once ; but it will be seen, that as
no more of these paddles can operate usefully, than are suffi-
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atmosphere, when a part of the ballast is thrown over. It is
made to descend again by suffering a part of the gasto escape
through a valve provided for the purpose.

The regulation of the ascent and descent of balloons, is the
extent of control, which has heen hitherto obtained over them.
All attempts to guide or propel them, by means of wings, sails,
oars, &c., have hitherto failed, and the machine can only pro-
ceed at the mercy of the winds. The small degree of buoy-
ancy which balloons possess, does not permit them to carry suf-
ficient weight of material, to furnish the medium of an adequate
propelling force. By taking advantage, however, of faverable
winds, voyages have been made in them to the distance of 300
miles; and persons have ascended to the height of 20,000 feet
and upwards,. The velocity of balloons varies with that of
the wind, but has in some instances amounted to the rate of
70 miles an hour.*

Parachute—~The danger which attends falling from great
heights, is in consequence of the continual acceleration of ve-
locity which falling bodies experience. When, however, the
resistance of the atmosphere becomes equal to the force of gray-
ity, the motion is no longer accelerated, but becomes uniform.
A parachute is an appendage to a balloon, formed somewhat
like an umbrella, and is designed to break the force of a fall, by
means of the large surface which it opposes, in its progress, to
the atmosphere. It is made of sill, or canvass, and is placed
underneath the balloon, having the car suspended from it by
cords. When the balloon is at any height in the air, the par-
achute may be detached from it, and will immediately fall with
the car to the ground. But. the resistance of so large a surface
to the atmosphere, causes the fall to be gradual and easy, so
that a person may descend with a parachute in safety from the
greatest heights. The size of the parachute employed by M.

* M. Gay-Lussac, on the 6th of Septeniber, 1804, ascended 23,100 feet
above Paris. M. Garnerin, September 21st, 1527, passed, in seven hours and
a half, from Paris to Mount Tonnere, a distance of 300 miles, This voyage
was performed in the night, and during a storm.
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Rag Wheels—Where it is necessary that the velocities

should be exacily proportionate, also where great resistance is
to be overcome, chains of various kinds are substituted , by
passing them round wheels, in the place of belts and ropes.
These chains lay hold upon pins, or enter into notches on the
circumference of the wheels, Fig. 3,
80 as to cause them to turn si- e
multaneously. Such wheels
are denominated rag wheels,
and have a uniform relative
velocity. Fig. 3. They are
used in locomotive steam engines, chain water wheels, de.

Toothed Wheels—Toothed wheels afford a more regular
and effectual mode of communicating rotary motion than any
other kind of connecting mechanism. They move of necessity
in opposite directions, and their relative velocity is inversely
proportionate to their number of teeth. Thus if a wheel hav-
ing forty teeth drives another of ten teeth, the second will
malke four revolutions while the first makes one, The con-
nexion of one toothed wheel with another, is called gear or
gearing, and when both wheels with their teeth are in the
direction of the same plane, it is called spur gearing. Tt is
desirable in toothed wheels, as far as possible, to diminish fric-
tion, and to produce uniformity of force and motion. A uni-
form motion may be produced, if the form of the acting face
of the teeth be a curve of the epicycloidal kind ; the outline of
the teeth of one wheel being the curve which would be de-
scribed by the revolution of a curve upon a given circle, while
the outline of the teeth of the other wheel is described by the
same curve rolling within the circle. It may also be produ-
ced, if the teeth of one wheel be straight, circular, or of any
regular figure whatever ; provided the teeth of the other wheel
be of a figure compounded of that figure and of an epicycloid.*

* For investigations relating to the teeth of wheels, see Camus on the Teeth
of Wheels, translated, London, 8vo. 1806 ;—Buchanan on Mill ‘Work, chap. i.
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Crown Wheels.—Circular motion is also communicated
at right angles, by means of teeth or cogs, situated parallel to
the axis of the wheel. Wheels thus formed  Flig. 7.
are denominaied crown or contrate wheels.
They act either upon a common pinion, or .
upon a lantern. 'The crown wheel is repre- i
sented in Fig. 7. It is less in use than the
bevel gear before described, having more
friction.

Universal Joint.—The contrivance called Hooke's univer-
sal joint, is sometimes used instead of wheels, to communicate
circular motion in an oblique direction. It consists of two
shafts, or axes, each terminating in a semicircle, and connected
together by means of a cross, upon which each semicircle is
hinged. Fig.8. It is obvious that Fig. 8.
when one shaft is turned, the other : ;
must revolve likewise ; and this will
be the case whenever the angle by
which one shaft deviates from the
direction of the other, does not ex-
ceed 40 degrees, By means of a
double universal joint, circular mo-
tion may be communicated at an
angle of from 50 to 90 degrees.

Perpetual Screw.—The perpetual or endless screw, some-
times called worm by mechanics, is made use of to convey
circular motion from an axle to a toothed wheel, situated in
the direction of the same plane with the axle. The relative
velocity of a wheel driven by a screw is Fig. 9.
very slow; for if the screw have only a
single thread, the wheel will advance the
breadth of one tooth only for each revolu-
tion of the screw. This mechanism is
of great use in producing an equable slow
motion in machinery, and also in increas-
ing mechanical power. Fig. 9. The
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motion may be reversed, or conveyed from the wheel to the
screw, if the obliquity of the threads be sufficiently increased,
A spiral wheel and a toothed wheel may be made  Flig. 10.

to turn with equal velocity, or any desired pro- o
portion of velocity, by the construction repre-
sented in Fig. 10. A isa wheel seen edgeways,
its axis being B C. Its circumference is fur-p
nished with spiral ridges, which, as the wheel
turns, cause the pinion D to revolve in the plane
of the axis B C. i

Brush Wheels.—In light machinery, wheels sometimes turn
each other by means of bristles or brushes fixed to their cir-
cumference. They may also communicate circular motion by
friction only. In this case the surface brought in contact is
formed of the end grain of wood, or it is covered with leather
or some other elastic substance, and the two wheels are pressed
together to increase the friction.

Ratchet Wheel.—The ratchet or detent wheel is intended
to prevent motion in one direction, while it permits it in another.
Fét this purpose the teeth are cut with their faces inclining in
one direction, and a small lever or catch, is so Fe. 11.
placed as to enter the indentations and stop the
wheel if it turns backward, but slides over the
teeth without obstructing them, if it moves for-
ward. Fig. 11. Ratchet wheels are general-
ly employed to prevent a weight raised ﬁy a .
machine from descending, and to obviate other retrograde
movements,

Distant Rotary Motion.—When it is required io transmit
circular motion to a distance, for example from one extremity
or story of a building to an- Flig. 12,
other, various methods are em-
ployed. 'The most commonis _ ||
by band wheels, or drums con- || £
nected by leather belts of the
requisite length. This mode
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in the state of greatest tension. As this spring relaxes or un-
coils itself, its power decreases, and in order to correct this
inequality, the chain through which it acts, is wound upon a
spiral fusee. T'he fusee B is an axis surrounded by a spiral
groove, the distance of the groove from the axis being made
to increase gradually from the top to the bottom, so that in
proportion as the force of the spring is diminished, it may act
on a longer lever. The general outline of the fusee must be
nearly such, that its thickness at any part may diminish in the
same proportion as it becomes more distant from the point at
which the force would Fig, 18.
cease altogether, the —
general curve being
that of a hyperbola ;
but the workmen have, e
in general, no other rule thau l‘.hat. Of habitual esi.lmatmm
Fig. 18.

ALTERNATE OR RECIPROCATING MOTLON.

This name is applied to movements which take place con-
tinually backwards and forwards in the same path. An alter-
nate motion may take place about a centre, in which case the
moving parts will describe arcs of circles, as in a tilt hammer,
or the beam of a steam engine ; or it may be confined by guides
s0 as to pursue a rectilinear path, as in the saw of a sawmill.
In most complex machines, both rotary and reciprocating mo-
tions occur, and these motions are converted into each other by
any of the following contrivances.

Cains.—If the axis of a wheel be situated in any other
point than its centre, the wheel thus rendered eccentric may
produce by its revolution an aliernate motion in any part ex-
posed to itsaction. Circles, hearts, ellipses, parts of circles, and
projecting parts of various forms, are made to produce alternate
motion, by continually altering the distance of some moveable
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ments for each revolution ; and the triple cam in Fig. 24, ap-
plied to a tilt, or trip hammer, causes Fig. 24.

three strokes for one revolution. In
this case, the cams are called wipers,
and it is common to accelerate the re-
eiprocal motion, by adding to the ac-
tion of gravitation, the elastic force of
a spring, or by the recoil of the handle = -——-

from a fixed obstacle. A cam in the form of a heart, called a
heart wheel, is much used in cotton mills, to cause a regular
ascent and descent of the rail on which the spindles are situa-
ted.”

When an easy motion is desired, as in most large machine-
ry, the acting outline of the cam should be curved ; but to pro-
duce a sudden stroke it should be straight. The number of
cams may be indefinitely multiplied, if a rapid, or vibrating
movement is required. This is in eflect done, when the
teeth of a wheel act upon a spring or weight, as in a watch-
man’s rattle, or in the feeder of a grist-mill.

Crank.—The common crank affords one of the simplest
and most useful methods for changing circular into alternate
motion, and vice verse. The single crank, Fig. 25, can only
be used upon the end of an axis. The bell crank, Fig. 26, may
be used in any part of an axis. The double crank, Fig. 27,

Fig. 25. Fig. 26. Fig. 27,

, [ |

* For an investigation of the carves proper for different cams and wipers, see
Brewster's edition of Ferguson’s Mechanics, vol. ii. p. 126, &e. For produc-
ing an easy and uniform motion, spiral, epicycloidal, and other curves are re-
quisite; but for abrupt, forcible motions, such as ocenr in tilt hammers, curvee
of equal action are to be avoided.
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produces two alternate motions, reciprocating with each other,
The alternating parts in all these cases, are attached to the
crank by connecting rods, or by some of the kinds of mechan-
ism hereafter described. The motion produced by cranks is
easy and gradual, being most vapid in the middle of the stroke,
and gradually retarded toward the extremes ; so that shocks
and jolts in the moving machinery are diminished, or wholly
prevented by their use,

Parallel Motion.—The name of parallel motions is given
to those arrangements which convert circular motion, whether
continued or alternate, into alternate rectilinear motion, and
vice versa. Thus the beam of a steam engine moves in cir-
cular arcs, while the piston moves in right lines. They can-
not, therefore, be rigidly connected together, without doing vi-
olence to the machine, and it becomes necessary to convert
one movement into the other by the intervention of proper me-
chanism. A moveable parallelogram is principally used for
this purpose, and will be described under the head of Steam
Engine. A similar contrivance of a more simple form is
shown in Fig. 28. CDisarod moving back and forwards in a
right line. Every point of junction is a hinge or joint. G
E is a rod moveable about E as a centre; and F H a rod of
the same length, moveable about :
F as a centre ; these centres be-
ing equally distant from the path
of CD. G H is a bar connect-
ing these two rods, and having
the rod C D attached by a joint
to its centre. When the whole
is set in motion, the joint G will
describe the circular arc I K, and
the joint H will describe the cir-
cular arc G H, while the joint C
will pursue an intermediate or D
rectilinear course.

Various other methods are practised to insure a rectilinear
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ful method of converting circular into alter- Fig. 32.
nale motion, or alternate into cir-
cular, is shown in Fig. 33. A
B is a fixed ring, or wheel, tooth-
ed on its inner side. C is a tooth-
‘ed wheel of half the diameter of 4
the ring, revolving about the
centre of the ring. While this
revolution of the wheel C is tak-
ing place, any point whatever on :
its circumference will describe a sualght, lme, or will pass
and repass through a diameter of the circle once during each

revolution. This is an elegant application of the law that if
a circle rolls on the inside of another of twice its diameter, the

-epicycloid described is a straight line. In practice, a piston rod,

or other reciprocating part, may be attached to any point on the

circumference of the wheel C.

Rack and Segment—If an alternating motion is required,
the velocity of which shall be always equal, a rack is best
adapted to produce this ef- Fig. 34.
fect. In Fig. 34, ABisa

parallelogram bhavinga rack p

on two opposite sides. Cis — - —
a half wheel toothed on its | U 3
curved side, and having its b

centre equally distant from B “———
the two racks. It is obvious from inspection, that as this half
wheel revolves, its teeth will act successively upon the two
racks, and cause the parallelogram to move back and forwards
with a uniform motion. The change, however, from one di-
gectien to the other will be nearly instantaneous, so that this
plan will only answer in machinery which is very light, or of
slow motion. 'The teeth of the half wheel must cover some-
what less than half a circle, that they may not become en-
gaged in one rack, before they are disengaged from the other,

X
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Rack and Pinion.—Another contrivance which renders

the change more gradual, is Fig. 35.
represented in Fig. 35. AB (e%

is a double rack, with circu- ;-25._. P

lar ends fixed to a beam, ca- [ bty

ble of moving in the dircetion ﬁwrf:l‘.mﬁé ]
of its length. 'The rack is Ug s A T A
driven by a pinion P, which ><]

is capable of movinr up and down in a groove m m, cut in the
cross-piece.  'When the pinion has moved the rack and | eam
until it comes to the end B, the projecting piece @ meets the
spring s, and the rack is pressed against the pinion. The
pinion, then working in the circular end of the rack. will be
forced down the groove 74 » until it works in the lower side
of the rack, and moves the beam back in the opposite direc-
tion ; and in this way the motion is continued. Tlie motion
of the pinion in the groove will be diminished, if instead of a
double rack, we use a single row of pins which are parallel to
the axis of the pinion, as in some of the machines, called
mangles.

Belt and Segment—An alternate circular Fig. 36.
motion is converted into an alternate rectilinear
motion, in fire engines, dressing machines, d&ec.
by a belt or chain fastened to each end of a seg-
ment, or other portion of a wheel. The two
belts pass by each other, and are attached fo the
opposite ends of an alternating part. When the
segment turns ineither direction, it draws after it
the alternating part in a straight line. Fig. 36.

Scapements.—In clocks and watches an alternating motion
18 produced in the pendulum and balance wheel, by means of
the mechanism called a scapement. In the more simple
scapements two teeth, called pallets, are made to vibrate on a
common axis. - They are connected with a toothed wheel in
such a manner, that one pallet enters between the teeth of the
wheel whenever the other is thrown out of their reach. As
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chaises. It is also introduced into various Fig. 41.
modifications of the printing press, in order to
obtain the greatest power at the moment of the
impression. It consists of two rods or bars
connected by a joint, and increases rapidly in
power as the two rods approach to the direc-
tion of a straight line.* In Fig. 41, a moving
force applied in the direction C D, acts with
great and constantly increasing power to sep-
arate the parts A and B.

OF ENGAGING AND DISENGAGING MACHINERY.

In many cases, particularly where numerous machines are
propelled by a common power, it is umportant to possess the
means of stopping any one of them at pleasure, and of restor-
ing its motion, without interfering with the rest. To produce
this effect, a great variety of combinations have been invented
under the name of couplings. These, in most instances, are
sliding boxes, which move longitudinally upon shafts or axles,
and serve to engage or lock a shaft which is at rest, with one
which is in motion ; so as practically to convert the two into
one, until they are again unlocked. Couplings are sometimes
provided with elutches, or glands, which are projecting teeth,
intended to catch on other teeth or levers, and thus lock the
shafts together. Sometimes they have bayonets, or pins
adapted to enter holes. Sometimes the connexion is produced
by friction alone, by pressing together surfaces, which are
either flat or conical. Sometimes, also, wheels are thrown in-
to, and out of gear, which is done by causing wheels to slide
in the direction of their axles, or in some cases by elevating
and depressing the axle itself. These methods, however, are
difficult and unsafe. The live and dead pulley afford per-

*An investigation of the power of this combination, is given by the late Pre-
fessor Fisher, in Silliman’s Journal, vol, iii, p. 320.
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also to vary the distance of the millstones from each other, if
necessary. It has also been applied to clothe and unclothe
the sails in proportion to the strength of the wind.

Fly Wheel.—Itizan objectof great importance, inmachines,
to have the means of accumulating power when the moving
force is in excess, and of expending it when the moving force
operates more feebly, or the resistance increases,  This equal-
ization of motion is obtained by what is called a fly, which is
generally made in the form of a heavy wheel, though some-
times in the form of arms or crossbars, with weights at their
extremities. A fly being made to revolve about its axis, keeps
up the force by its own inertia, and distributes it in all parts of
its revolution. If the moving power slackens, it impels the
machine forward ; and if the power tends to move the machine
too fast, it keeps it back.

Fly wheels are capable of accumulating power to a great
extent. A small force continually applied to the surface of a
heavy revolving wheel will accelerate its veloeity till it shall be
equal to that of a musket-ball, and its momentum almost irre-
sistible. Fly wheels, to act with the greatest efficacy, should
be made with the least possible surface, that their motion may
not be impeded by the resistance of the air. They should be
made of iron, and if they cannot be cast in one piece, they
should be firmly hooped or bolted together, that the parts may
not separate by their centrifugal force. Fatal accidents have
occurred from the bursting of large stones used as flies, or as
orindstones in cutlery works, their velocity and centrifugal
force being so great as to overcome their cohesive attraction,
and to project the parts to a distance with great violence.

Beside the modes already described, other methods are em-
ployed to retard and equalize the velocity of machinery. A
kind of fly is used in music boxes, and in the striking part of
clocks, in which the broad surface of vanes, upon the circum-
ference of a wheel, is made to act againststhe air, until the re-
sistance becomes equal to the propelling force, so that the velo-
»cily can increase no further, but becomes uniform. Pendu-
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laid upon the buckets, from impeding the motion of the wheel,
it is desirable that the water when it enters, should have a velo-
city corresponding as nearly as possible to that with which the
wheel is revolving. And as we cannot give to the water the
direction of a tangent to the wheel, the velocity with which it
is delivered on the wheel must be so much greater than the
intended velocity of the rim, that it shall be equal to it when it
is estimated in the direction of a tangent. 'To facilitate as
much as pessible the entrance of the water, it is common to
deliver the water through an aperture, which is divided by thin
plates of board or metal, placed in an oblique position so as to
direct the stream of water into the buckets in the most perfect
manner, as represented in Fig. 6. In order to detain the
water as long as possible, the lower part of the wheel is often
made to revolve in a concave cavity just large enough to receive
it, and called in this country, the apron, as seen in Fig. 9.

A difficulty often occurs in the entrance of water into the
buckets, by the resistance of the air already in the bucket,
which causes the water to regurgitate and spill. This evil may
be entirely prevented by making the spout considerably narrow-
er than the wheel, so as to leave room for the escape of the air
at the two ends of the bucket,

The pressure of the atmosphere occasions sometimes a seri-
ous obstruction to the motion of overshot wheels, by causing a
quantity of back water to be lifted, or sucked up, by-the as-
cending inverted bucket, when it first leaves the water. This
difficulty is remedied by making a few small holes near the
base of the bucket, and communicating with the next bucket,
Through these the air will enter, and prevent the suction. It
is true that, when on the descending side, these holes will allow
the escape of some water; but as this water only flows from
one bucket to the next, its effect is inconsiderable when com-
pared with the advantage gained. Air, as Professor Robison
observes, will escape through a hole about 30 times faster than
water, under the same pressure.

With respect to variations in the fall, the same writer remarks
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mentum of the water, or of the accelerating force, is just equal
to the momentum of the resistance, or of the retarding force.
The motion of the wheel will then become uniform.

By calculation it appears that a machine thus driven by the
impulse of a stream produces the greatest effect, or does most
work in a given time, when the wheel moves with one third of
the velocity with which the water moves.* But in practice
this rule is liable to some variation ; for the water does not es-
cape as soon as it has given its impulse, but is confined by the
channel for some time, and acts with a variety of influences.
In Mr Smeaton’s experiments, which are cited as authorities
by most writers since his time, it was found that an undershot
wheel when working to the greatest advantage, had a velocity
which varied from one third to one half the velocity of the
stream ; and that in great machines it was nearer to the latter
of these limits, than the former.

It is advantageous that the size of undershot wheels should
be as great as circumstances will permit, and it ought never,
says Dr Brewster, to be less than seven times the natural depth
of the stream at the bottom of the course.t In regard to the
best number of float-hoards a difference of opinion has prevailed,
but it is now generally admitted ghat the more float-boards a
wheel has, the greater and more uniform will be its effect. ¢
According to the experiments of Bossut, it appeared that a
wheel with 48 float-boards produced a greater effect than one
with 24, and the latter a greater effect than one with 12,
Smeaton’s experiments justify the same conclusion, though he
found that on adapting to the wheel a circular sweep of such
length, that one float-hoard entered into the curve, before an-
other left it, the eflect came so near to the former, as not to
give any hopes of advancing it by increasing the number of
floats beyond 24 in the wheel experimented on. §

* Playfuir's Outlines of Natural Philosophy, vol. i. p. 214—and Robison,
622,

't Ferguson's Mechanics, vol. ii. p. 17.

t Gregory’s Mechanics, vol. i. p. 462.

& Ibid, p. 476.
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In regard to the position of the float-boards, they should not
be in the direction of the radius, but inclined from it slightly
backwards.  From the experiments of Deparcieux and Bossut,
it appears that there is a very sensible advantage gained by
inclining the float-hoards to the radius of the wheel about 20 de-
rrees, 50 that the lowest float-board shall not be perpendicular,
but have its point turned up the siream about 20 degrees.
This inclination causes the water to heap up along the float-
board, and act by its weight.* The floats should for this pur-
pose be made much broader in the direction of the radius than
the vein of water which they interseet, is deep. Another ad-
vantage attending this obliquity of the floats is, that they are
less resisted, when they rise out of the water.

The best way of delivering the water on an undershot wheel
in a close mill course, according to Dr Robison, is to let it
slide down a very smooth channel without touching the wheel,
till it arrives near the bottom, at which place the wheel should
be exactly fitted to the course. The floats should be broader
than the depth of the water, so as never to be wholly immersed,
but allowing the intercepted water to heap up against them.
If the bottom of the course be anarc of a circle having a great-
er radius than that of the wheel, the water which slides down
will be gradually intercepted by the floats, or strile upon more
than one at a time.  In this country it is often the practice to
admit the water directly from the bottom of a pond, or reser-
voir, instead of causing it to glide down a separate chanmel
from near the top; and this method is found very effec-
tual.

Bacl: Water—The back water, or tail water, is that por-
tion which has past by the wheel. This portion is not only
useless, but in most cases injurious, since by its inertia and
weight, it resists the escape of the floats and empty buckels in
their passage upward. Its effect is increased in times of floods
or freshets, so that it is often necessary to place wheels higher

* Robison's Mechanical Philosophy, vel. ii. p. 625.
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Horizontal Wheel—A horizontal wheel with oblique
floats, sometimes called in this country a tub wheel, is tarned
by a current of water discharged against the floats in the man-
ner represented in Fig. 10. Fig. 10.

"This method is said to be =
in common use on the
continent of Europe, and
but seldom employed in
England. It is a disad-
vantageous mode of ap-
plying power, and is only
recommended in corn-mills
by its simplicity, the mill-
stones being turned directly by the axis of the water wheel,
without the intervention of other wheels, or gearing. In the
same manner, another kind of fub wheel, which is a sort of in-
verted cone furnished with spiral floats on its inside, is made
to revolve horizontally, by discharging into it a current of wa-

ter from above.
Barker's Mill—This machine, which is also sometimes

called Parent’s mill, is driven by an application of the force of
water different from any of those which have been already
described.  This application con- B, 11,

sists, not in the direct use of the
weight or impulse of water, but in that
of its reaction, or counter pressure. E__J

The principle of this simple machine = ‘::Q.
may be seen by inspecting Fig. 11, |

where C D is a revolving vertical
tube, carrying a mill-stone m on the
upper part of its axis. At the bot-
tom of this tube is a horizontal tube
A B, at the extremities of which are
two apertures A and B, opening in e
opposite directions. A stream of water is introduced from the

- TS S
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mill course above, and flows out at the apertures at A and B,
and in this way keeps up a continued horizontal rotary motion
around the axis D .

In order to understand how this retary motion is produced,
we may suppose the apertures to be shut, and the tube C D
filled with water. The area of the apertures A and B will
then be pressed ontward by a force equal to a column of water
whose height is C D, and whese base is equal to the area of
the apertures. Every part of the tube A B sustains a similar
pressure ; but as these pressures are balanced by equal and
opposite pressures, the machine remains at rest.  But when the
aperture at B is opened, the pressure at that place is removed,
and therefore the arm will be carried round in a direction op-
posite to that of the aperture, by a pressure which is due to the
height of the column and area of the aperture. The same
thing happens with the other arm, and the two pressures carry
round the vertical axis in the same direction.

An improvement has been made in Barker'’s mill by dispen-
sing with the tube C D, retaining only its axis ; and introdue-
ing the water on the under side of the transverse tube at D.
For this purpose the water is brought down from the reservoir
at E, by a separate passage, and introduced at D through a
water joint, which suffers the arms of the tube to revolve with-
out much loss of water. Such a passage is represented by the
shaded part EE ' D. 'The upward pressure of the water may
be made to support a great part of the weight of the machine.

WIND POWER.

Currents of water, being limited in magnitude, can be con-
fined in their action to one side of a wheel. But it is not easy
to do the same with currents of wind, on account of their in-
definite magnitude, and the difficulty of screening one half of
the wheel advantageously from their action. It is therefore
common to employ vertical windmills, having a number of sails
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placed obliquely to the wind, and turning on a horizontal axis
which is parallel to the wind, or nearly so. "The action of the
wind in this case is resolved into two forces ; and since the sails
cannot obey the first by moving in the direction of the wind,
they obey the second, and move at right angles with it.

Vertical Windmill—The common windmill has usually
four sails, and sometimes six or eight. 'The power of these
sails to turn their axis depends, when other things are equal,
upon their degree of obliquity in regard to the wind. The an-
gle which is most effectual for giving motion to the sails from
a state of rest, is an angle of 354 degrees with the weather, or
with the plane in which the sails revolve.* But the angle
which produces the greatest action upon a sail at rest, is not
the most effectual when a sail iz in motion. As the motion
increases, the action of the wind diminishes, and in order to
preserve this action, the sails require to be brought nearer to the
wind. And since each part of the sail, in revolving, has a
different velocity, those parts which are nearest the circumfer-
ence, being swiltest, are not acted upon so powerfully by the
wind as those which are nearer the centre; on which account
it is useful to give the sails a slight spiral curvature, so as to
make the angle with the weather at the extremity of the sail
less than it is at the centre. When, however, the sails are per-
fectly plane, it is advantageous, according to My Smeaton, that
the angle of the sails with the weather, should be 18 degrees,
or less; in other words, that their angle with the axis should
be 72 degrees, or more. 'The velocity of the sails in this case,
at their outer extremity, is often found to be more than twice
that of the wind.

Adjustment of Sails—On account of the inconstant na-
ture of the motion of the wind, it is necessary to have some
provision for accommeodating the resistance of the sails, to the de-
gree of violence with which the wind blows, This is com-
monly done by clothing and unclothing the sails; that is, by
covering with canvass or thin boards, a greater or smaller por-

* Determined by Parent—see Brewster's Fe n's Mechanies, vol. ii. p. 69.
B0 ] P
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tion of the frame of the sails, according to the force of the wind
at different times. A method has heen devised for producing
the same effect, by altering the obliquity of the sails; and
windmills have been so made, as to regulate their own adjust-
ment, by the force of the wind. If we suppose a windmill, or
windwheel, to consist of four arms, and that the sails were con-
nected to these arms at one edge, by means of springs; the
yielding of these springs would allow the sails to turn back,
when the wind should blow with viclence ; and their elastici-
ty would bring them up to the wind, whenever its force abated.
This effect has been produced by a weight acting on the sails
through a series of levers. A loose iron rod, passing through
the centre of the axle of the windwheel, receives the action of
the weight at one end, and communicates it to the sails at the
other.

Sometimes a governor like that described on page 249, is
used to regulate the velocity of windmills which are built for
grinding, by increasing the supply of corn to be ground, or of
work to be done, whenever the force of the wind increases.
The governor is also applied in a very ingenious manner to
furl or unfurl a portion of the sails, thus accommodating them
to variations of the wind.

As it is necessary that a windmill should face the wind from
whatever point it blows, the whole machine, or a part of it,
must be capable of turning horizontaily. Sometimes the whole
mill is made to turn upon a strong vertical post, and is there-
fore called a post mill ; but more commonly the roof, or head
only, revolves, carrying with it the windwheel and its shaft, the
weight being supported on friction rollers. In order that the
wind itself may regulate the position of the mill, a large vane,
or weathercock. is placed on the side which is opposite the
sails, thus turning them always to the wind. But in large
mills the motion is regulated by a small supplementary wind-
wheel, or pair of sails, occupying the place of the vane, and
situated at right angles with the principal windwheel. When

ax .
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condensing into water, as soon as its temperature is reduced
below 212 degrees, it follows that the atmospheric weight
which has been lifted by the formation of the steam, will im-
mediately fall, when the steam condenses; and with a force
equal to that by whichit was raised. This furnishes an indi-
rect or secondary application of the power of steam.

But the powers of steam are not limited by the effects which
it produces at the common boiling temperature. If steam be
separated from the contact of water, and exposed to a farther
increase of temperature, it will continue to expand by the law
which governs the increase of all gaseous bodies, and will
double its volume once for every 480 degrees of Fahrenheit’s
thermometer.”* And furthermore, if water itself be inclosed
in strong vessels and thus heated, its expansive force will be
prodigiously greater than that of steam alone, since every par-
ticle of the water tends to generate steam of high temperature,
and to occupy the space which is due to such steam. Ina
common boiler containing water and steam, each addition of
caloric causes a fresh portion of steam to rise, and to add its
elastic force to that of the steam previously existing, so that an
excessive pressure is soon exerted against the inside of the
vessel, if the augmentation of heat has been considerable. At
212 degrees Fahrenheit, steam has an elastic force equal to the
pressure of the atmosphere. If it be farther heated in contact
with water, it will have a force equal to that of two atmos-
pheres at about 250 degrees, of four atmospheres at 293 de-
grees, and of eight atmospheves at 344 degrees. These are
the results in round numbers of Mr Southern’s experiments,

and they are nearly confirmed by those of Drs Robison and

Ure.t .

* Ure's Dictionary of Chemistry, Art. Caloric and Gas.

t The recent and elaborate experiments of Messrs Arago and Dulong have
corrected these results, and carried the scale as high as fifty atmospheres.
Thus an elastic force, equal to the pressure of 20 atmospheres, is produced by a
heat of about 418 degrees Fahrenheit, and one of 50 atmespheres by 510 degrecs.
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At temperatures below 212 degrees, steam has still a certain
elastic force, which discovers itself whenever the pressure of
the atmosphere is taken off. 'Thus its elastic force at 180 de-
grees is equal to about half an atmosphere; and it has some
force at all temperatures above the freezing point.

Steam expands in all directions alike, and is useful as a mov-
ing agent, only by its pressure. It cannot, like water and
wind, be made to act advantageously by its impulse in the
open air ; for the momentum of so light a fluid, unless generated
in vast quantities, would be inconsiderable. Some of the ear-
liest attempts, however, at forming a steam engine, consisted
in directing the current of steam from the mouth of an eolipile,
against the vanes or floats of a revolving wheel.* 1In order
that the pressure of steam may be rendered available in ma-
chinery, the steam must be confined within a cavity which is
air-tight, and so constructed that its dimensions, or capacity,
may be altered without altering its tightness, When the steam
enters such a vessel, it enlarges the actual cavity, by causing
some moveable part to recede before it, and from this moveable
part, motion is communicated to machinery. A hollow cyl-
inder having a moveable piston accurately fitted to its bore,
constitutes a vessel of this kind. It was used more than a
century ago by Newcomen, and as it is found to combine more
advantages than any other kind of arrangement for motion, its
use has never been superseded. The piston thus employed
has a reciprocating motion, which is converted, when neces-
sary, into a rotary one, by the appropriate mechanism.

Applications of Steam. 'TI'he pressure of steam is capable
of being applied to use in three different ways, and these modes
have given rise to some of the most important varieties of the
steam engine. 'The three methods which are used for obtain-
ing power from steam are, 1. By condensation, as in the at-
mospheric engine. 2. By generation, as in the simple high

* Such was the engine of Branca, in the beginning of the 17th century,
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force will ‘of course be lost. 'The effective power is as the
space the steam occupies, multiplied by the excess of elastic
force above the atmospherie pressure.

By Ezpansion.—Retaining the same loaded piston, let it
be raised by the conversion of a given quantity of water into
steam, to the height which corresponds to the load and tempera-
ture. Then if the load on the pision be wholly removed at
that height, the steam will raise the piston by expanding till it
becomes nearly of the same elastic force as the atmosphere,
and its condensation will produce the same effect as if the steam
had been generated of atmospheric elastic force at first. Con-
sequently, the effect in raising the load on the piston is wholly
additional, and the joint effect of a high pressure and condens-
ing engine is produced by the same steam. Hence by this
combination of effect, the power of steam of high elastic force
will be nearly doubled.

This is not, however, the mode by which steam can be ap-
plied with the greatest advantage; for, instead of removing
the load on the piston wholly at the height to which it was
raised by the generation of the high pressure steam, a part of
it may be removed, and then the steam would expandio a
height depending on the portion of the load removed ; at that
height remove a second portion, and so on, successively, till
the steam becomes of atmospheric elastic force. In this case,
as far as the load was raised in parts by the expansion of the
steam, the effect is greater than in the preceding combination.
This illustrates the principle of the high pressure expansion
engines of Evans, Woolf, and some others.

Again ; let the piston be raised unloaded, as in the first case,
by the conversion of a certain quantity of water into steam of
atmospheric elastic force. 'When the piston is at that height,
add a weight equal to half the atmospheric pressure to the line
passing over the pulley. Then the elastic force of the steam
being unbalanced, the piston would rise till that elastic force
would be half the atmospheric pressure, or till the piston would
be at double its former height. Now, suppose the steam to be

FUE VT E T T N
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condensed, and the weight removed from the pulley at the
same instant. Then the power of the descent, after deducting
the power added to produce the ascent, will be one half more
than it would have been by simply condensing steam of atmos-
pheric elastic force. This illustrates the principle of the ex-
pansion engines of Hornblower and Watt; and it differs from
the principle of Woolf in using steam only of low pressure.
The weight added to the line passing over the pulley is intro-
duced here merely to exemplify the mode of applying a portion
of the, excess of power which is accumulated in the fly wheel,
in one part of the operation, to assist the machine through the
rest.

It has been assumed that steam at least of atmospheric elas-
tic force was generated, but this is not a necessary condition,
for it frequently occurs that engines work with steam of less
elastic force. The same mode of illustration will show whence
this happens. Let half the pressure of the atmosphere on the
piston be balanced by a weight over a pulley. Then on the
application of heat, steam of half the atmospheric elastic force
would be generated, and raise the piston to double the height
that it would be raised, in common cases, by steam capable of
supporting the atmospheric pressure. Consequently on its
being condensed, the descending force will be half the atmos-
pheric pressure acting through double the height; and the
steam produces the same effect as before.

The foregoing methods of the application of steam will be
found apparent in the different forms of the steam engine, in
which they have been called into use.

The Steam Engine—The steam engine is a machine by
which the power derived from steam is converted to practical
use. It has occupied the attention of philasﬂphers and artists
for more than a century, and is now brought to so great a de-
gree of perfection as, in the opinion of many scientific men, to
leave little probability of its further improvement. Whether
viewed with reference to the great skill which has been em-
pleyed in perfecting it, or the importance and extent of its ap-

36 :
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plication, it may justly be viewed as the noblest production of
the arts in modern times. For acquiring a clear conception of
the steam engine as it is now commonly constructed, it will be
useful to consider, first, the boiler in which the power is gene-
rated, and secondly the engine in which it is directed and ap-
plied to use.

Boiler.—On account of the gradual rate at which water
boils away, it is necessary in most engines to keep a large quan-
tity constantly heated, to afford steam with sufficient rapidity
for its consumption by the engine. This water is enclosed ina
strong tight vessel, called the boiler, which is made of iron or
copper, and rests in contact with a furnace. It is requisite,
that a boiler should be of sufficient strength to resist the great-
est pressure which is ever liable to occur from the expansion of
the steam. It must also offer a suflicient extent of surface to
the fire, to insure the requisite amount of vaporization. In
common low pressure boilers, it requires about eight feet of
gurface of the boiler to be exposed to the action of the fire and
flame, to boil off a cubic foot of water in an hour ; and a cubic
foot of water thus converted into steam is equal to a one-horse
power. ¥

The strongest form for a hoiler, and one of the earliest which
was used, is that of a sphere ; but this form is the one which of-
fers least surface to the fire. The figure of a cylinder is on
many accounts the best, and it is now extensively used, espe-
cially for engines of high pressure. It has the advantage of
being easily constructed from sheets of metal, and the form is
of equal strength except at the ends. In such a boiler, the
ends should be made thicker than the other parts. The fur-
nace is so constructed that the flame and hot smoke may pass
under the whole length of the boiler, and afterwards around
both its sides, before escaping to the chimney.

In what are called flue boilers, a cylindrical furnace is placed
within a cylindrical boiler, so that the fuel is surrounded by

* See Tredgold on the Steam Engine, with the following correction, p. 124,
line 2 from the bottom. For steam read 1water.
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water on all sides, and communicates to it nearly all its heat,
except the portion which passes up the chimney.

In large engines, which are of low pressure, the form of the
boiler, which was used by Mr Watt, still continues to be em-
ployed, particularly in England. In this boiler the upper half
is a semicylinder, while the lower half is nearly rectangular,
with the under side concave, so that a cross section would
nearly resemble a horse-shoe. This boiler is less strong than
those of a cylindrical form, but it offers a larger surface to the
fire, without occupying much more space. A boiler of this
kind, as it is fitted up in large engines, with appendages for
regulating its own fire, water, and steam, is represented in Pl
VIIL. Fig. 5. A part of the furnace is supposed to be taken
away, to bring the boiler info view, and also a portion of the
beiler is removed to show its inside.

Appendages.—In the figure above referred to, B B B B is
the boiler, made of thick sheets or plates of rolled iron strongly
rivetted together, a part of which are removed to show the
interior. Tt is supposed to be half full of water at the boiling
temperature. C is the steam gauge, the object of which is to
determine the degree of pressure acting within the boiler, It
is a bent iron tube, or inverted syphon, one end of which com-
municates with the boiler, and the other end with the atmos-
phere. The tube is partly filled with mercury, and as the
pressure of the steam increases, the mercury will be driven
outward and will rise in the external leg of the syphon. As
the height of the column of mercury cannot be seen, the tube
being opaque, a small wooden stem is made to float in the tube,
with its end projecting by the side of a graduated scale.  Every
inch in height which the stem rises, shows a difference of two
inches in the two surfaces of the mercury in the tube, and in-
dicates a pressure of about a pound upon every square inch of
the inner surface of the hoiler. And as low pressure engines
are seldom worked with more than three or four pounds to the
square inch, the mercury seldom rises higher than three or four
inches in such engines. In high pressure engines, the mercu-



284 OF THE MOVING FORCES USED IN THE ARTS.

rial gauge is not so easily applied; for these engines are fre-
quently worked at a pressure of several atmospheres, and each
additional atmosphere requires an addition of nearly 15 inches
to the column of mercury.

W is a large opening called the man hole, of sufficient size
to permit a man to enter the boiler to clean or examine it. It
is closed by a strong iron plate. D is the steam pipe which
conveys the steam to the engine. Tt is provided with a throt-
e valve, which is a circular dise, or partition, turning on an
axis, and connected with the governor, deseribed on page 252.
Its use is to regulate the supply of steam by elosing the pipe,
if the engine goes too fast, or by epening it, if it is too slow.
F F are the gauge cocks, which indicate the height of wa-
ter in the boiler. Their extremities stand at different depths
in the boiler, one being below the surface of the water, and the
other above it. When the water is at the proper height, one
of these will emit steam, on being opened, and the other will
emit water. They are frequently placed on the end instead
of the top of the boiler.

For keeping up a regular supply of water to the hoiler, a
vertical tube G, called the feed pipe,isused. Uponits topisa
small cistern H H H H, which iz kept full of water by a pump
worked by the engine. At the bottom of this cistern is a valve
E, connected to one end of the lever @ b. At the other end of
this lever is a wire @ ¢, which passes through a steam-tight
opening at d, and supports a stone float ¢ upon the surface of
the water, the stone being counterbalanced by a weight at the
valve e.  When the water lowers in the boiler, the stone float
descends, and by acting upon the lever a b, opens the valve e.
Water immediately flows in from the cistern, and continues to
do so, till the float rises and shuts the valve. It will be ob-
served that the column of water in the feed pipe must be suffi-
ciently high to counterbalance the pressure of steam in the
boiler. On this account it cannot be applied in high pressure
engines, without making it of a very inconvenient height. In
these engines, therefore, water is supplied to the boiler by a
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small forcing pump, worked by one of the reciprocating parts
of the engine ; and it is frequently heated before being pump-
ed in, that it may not check the production ef steam.

Flor the purpose of regulating the fire, the feed pipe is fur-
nished with an iron bucket O, hung by a ¢hain which passes
over two pullies P P, and is attached by its other extremity to
an iron damper A, which commands the chimney. When the
stean in the boiler is urged to too great an extent, it forces the
water upward in the feed pipe, and causes the iron bucket to
ascend. 'This lowers the damper into the smoke flue, and by
thus intercepting the current of air, checks the force of the fire.
In some boilers the passage, which brings air to the fire, is in-
tercepted, instead of the smoke flue.

To prevent the boiler from bursting, if by accident the pres-
sure of the steam should become too great for the strength of
the boiler, a safefy valve is provided at S, opening outward.
It is kept down by a weight, so that it cannot be raised except
by a greater force than that which is required to work the en-
gine. It is highly important, however, that it should not be
liable to any other weight or incumbrance than that which
the engine requires; and to prevent this danger, it is inclosed
in a case which is kept locked. When the engine stops worlk-
ing, or the steam is generated too rapidly for its expenditure,
the safety valve rises, and the superfluous steam rushes out
with a hissing noise.

Another safety valve is alzo provided, which differs from the
preceding, in opening inwards. It is kept up by a counter
weight on a lever, and its use is to prevent the weight of the
atmosphere from crushing in the sides of the boiler, when the
engine stops working, and the steam cools.

As boilers are usually proved before being submitted to use,
the accident of bursting does not happen from a general want
of strength, unless the safety valve be overloaded. It is most
likely to happen either from neglect, in suffering the water to
get too low, in some part of the boiler, so that the metal is ex-
cessivelyheated, or else from the corrosion of the metal in places,
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by oxidation, after long exposure to the fire. If a sediment is
suffered to accumulate to a considerable depth on the bottom
of the boiler, it has the effect to exclude the water from con-
tact with the metal, =o that the metal bhecomes hotter, and is
more rapidly oxidated, and even softened, by the heat.

The violent explosions which have sometimes occurved, -
projecting the contents and fragments of the boiler to a great
distance, have been rationally accounted for, by supposing that
certain parts of the metal, through neglect, become heated to
a high temperature, and that portions of water being sudden-
ly brought into contiguity with them, produce steam, of which
the initial elastic force is extremely great. In this case, the
boiler may burst before the inertia of the water, or safety valves,
is overcome ; and the stronger is the boiler, the greater may be
the explosion.

As a great number of lives has been lost by the explosion of
boilers, particularly on board of steam-boats, much attention
has been bestowed on the means of preventing such accidents.
The principal attempts have consisted in a more accurate reg-
ulation of the safety valves, and in the introduction of plugs
of fusible metal which melt when the temperature is raised a
little above the boiling point of water, and thus suffer the steam
to escape. But absolute security has only been found in plac-
ing the boiler in such a situation that if it should burst, it would
occasion no injury to the passengers in the boat. This is ef-
fected by placing the engine in a boat by itself, or by interpos-
ing a strong barrier hetween the boilers and the persons on
board the boat. Mr T'readwell has proposed to use the steam
at a pressure not greater than that of the atmosphere, and to
compensate the loss of force by an increase in the size of the
cylinder and piston.”

Besides the forms of the boiler already mentioned, various
others have been employed, such as combinations of tubes, and
other figures, intended to multiply surface, for the purpose of

* See Appendix.
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raising more steam from the same amount of water, in a given
time. They have been applied in some high pressure engines,
but in most cases, the simpler forms are preferred.* In Brath-
waite and Ericsson’s engine, which has been applied with par-
ticular success to propelling carriages on rail roads, the hot air
of the furnace is forcibly drawn in a circuitous flue, through
the boiler, by means of a revolving, fan-like apparatus; thus com-
municating to the boiler a greater quantity of heat in a given
time, than could be cobtained from the common atmospheric
draught.

FEngine—'The steam being generated in sufficient quanti-
ties in the boiler, it is next applied to use in the working or
moving part, which we have called ¢kie engine. Of this en-
gine a great variety of forms and modifications have been pro-
posed and adopted, at different times. A few of those which
are effectual in their principle, and most extensively employed,
will now be considered.

Noncondensing Engine~—"The simplest form of the steam
engine, is that of the noncondensing, commmonly called the
high pressure engine. In this engine, the apparatus for con-
densation is dispensed with, and the steam is worked at a high
temperature, and afterwards discharged into the open air. Of
course, a part of the force of the steam is expended in overcom-
ing the pressure of the atmosphere, and the surplus only can
be applied to drive machinery. That this surplus may be suf-
ficient to produce the requisite power, a pressure of 30 or 40
pounds on a circular inch, above the atmospheric pressure, is
commonly kept up in these engines.

The manner in which the engine is made to operate, is
briefly as follows. 'The steam in escaping from the boiler to
the open air, is obliged to pass through the cylinder, the cav-

* In Perkins' engine, a strong vessel called a generator, is kept full of water
heated to a high temperature. Portions of the water are successively forced out ;
and reliance is placed on the heat already in this water, to produce from it the
requisite amount of steam.

t See Tredgold on the steam engine, p. 181.
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ity of which is closed, except where it communicates with the
valves. By the opening and shuiting of these valves, the
steam is made to enter the cylinder alternately at each end,
and escape by the opposite end.  But in doing this, its passage
is always intercepted by the piston, so that before it can escape,
it must move the piston from one end to the other of the cy-
linder. T'he repetition of this movement gives motion to a
beam, or other alternating part, from which it is communica-
ted by a connecting rod and crank, to a fly wheel, in the same
manner as is seen in the condensing engine, PL. IX. hereafter
to be described. 'The figure there represented may be consid-
ered as a noncondensing engine, if we remove from it the con-
denser and its appendages, cccupying the lower part of the
plate. B represents the boiler, C the pipe which conveys the
steam, D the cylinder, E the piston, I the beam, / the crank,
G the fly wheel.

The different apparatus of valves, by which the entrance
and escape of steam is regulated, also the other appendages of
the engine, will be considered in another place. In arranging
the time of their opening and shutting, it is usual to allow not
quite all the steam to escape at the end of the stroke. A small
portion is retained to receive the shock of the piston, and by
its elasticity to destroy its momentum, and cause it to recoil
back without loss of force.

Noncondensing engines sometimes work by the generative
force of steam, and sometimes by the generative and expansive
force. They are used in cases where simplicity and lightness
is required, as in locomotive engines; also in situations where
a sufficient supply of water for condensation cannot easily be
obtained. They are inferior in safety to condensing engines ;
yet as they cost much less at the outset for the expense of
building, they are often preferred for small, or temporary
works. In proportion to the high temperature at which the
steam is worked, great caution is necessary in regard to the
strength and management of the boiler in these engines.
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if this were unchecked, would not be condensed, or the con-
densation would not be sufficiently rapid, because the injection
water itself flows out of this cistern. A part of the water
is therefore allowed to flow from this cistern by a waste pipe,
and an equal quantity of cold water is constantly supplied by
the pump P.

The cylinder D is in many cases surrounded by a case, to
keep it from being cdbled too much by contact with the exter-
nal atmosphere.

Ezrpansion Engines—The steam which impels an engine
is always diminished in volume, by the resistance which it has
to overcome, and tends naturally to occupy a larger space than
that to which it is confined while the engine is at work. Ifit
be dismissed into the air, or into the condenser, while under
its greatest working pressure, it will not have produced all the
useful effect which it is capable of affording. If, on the con-
trary, it be separated and placed under circumstances where it
can still expand further, before it is dismissed, this expansion
will be so much additional gain to the power of the engine.
Its general principles have already been discussed.

The expansive power of steam may be converted to use in
various ways, and most of the common forms of the steam en-
gine may be made to act expansively by a proper arrangement
of their valves. In Watt’'s engine, this eflect is produced by
cutting off the steam from the cylinder before the stroke of the
piston is completed, leaving it to the steam already in the
cylinder to assist by its expansion in completing the stroke.
The steam in the boiler being thus intercepted, acts only at
intervals. Nevertheless, its whole disposable force is accumulat-
ed in the fly wheel, while, at the same time, the force arising
from the expansion of steam in the cylinder serves to increase
the total amount. A great augmentation is thus produced in
the useful effect of an engine, with the same amount of fuel
and water.

Mr Hornblower, who was one of the first inventors of the
application of expansive steam, employed two cylinders hav-
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ing their pistons connected to the same beam. In the smaller
of these, the steam was used at full pressure, after which it was
discharged into the larger cylinder, where it again acted by its
expansive force. This method affords a more equable mode
of applying the expansive force of steam than that used by
Mr Watt, but the engine is more complex and expansive.

Mr Woolf afterwards adopted the plan of two eylinders with
the addition of using his steam at a htsh pressure, together
with a condenser. He appears to have exaggerated the ex-
pansive force of steam, at hich temperatures, as various other
projectors have done. His engines, however, continue to be
used and approved, in some parts of England and Wales.

Valves.—'T'he valves of steam engines are shutters, which
guard the avenues to the boiler and condenser, so that by open-
ing and shutting them, at the required time, the steam may
be made to enter, or escape, at either end of the eylinder.
Valves of a great variety of forms, have been used in different
engines, some of which have a reciprocating, others a rotary
motion. The puppet valve is a cone, or frustum of a cone,
which is fitted, like a cover, to a conical aperture, which it
opens by rising, and closes by falling. A valve of this kind
isseenat V. in PL IX. SViding valves are those which do not
rise, but slide on and off of their apertures. Some of these
have a cavity on their under side, capable of connecting two
apertures together, or of forming a communication between
them, while a third aperture is shut. This is the case with
the valve I, in Pl IX. Rotary valves are usually constructed
like common stopeocks, excepting that they command more
passages than one at the same time. If the handle be placed
in one position, it opens one passage while it closes another ; if
in a different position, it closes the first, and opens the second.
A throttle valve is a partition turning on an axis, and placed
across the interior of a pipe. If turned edgewise, it permits
the steam to pass; but if turned transversely, it obstructs its
passage. 'This valve is commonly placed in the main steam
pipe, and connected with the governor to regulate the quantity
of steam supplied by the boiler. See K, in PL IX.
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structed with great accuracy. Various other methods have
been applied to convert the rectilinear mnto a G’l.Il"i.rl].l[lEﬂ.t’ move-
ment. Sometimes the piston is confined to its path by guides,
or friction wheels, and connected to the beam by a double
joint. In Newcomen’s engine, where the principal force was
in the downward stroke, the piston was connected by a chain
to an arched head at the end of the beam. In Cartwright’s
engine, the piston was attached to two opposite cranks which
were geared together, as shown on page 244. In some of
Murray’s engines, the epicycloidal movement was employed.
See page 246.* In Maudslay’s engine, and some others, in-
stead of a beam, a crosss head is used, the whole of which
moves up and down in guides, instead of turning on a centre,
In the vibrating engines of Lester and others, the cylinder is
hung upon a moveable axis, and in Morey’s engine, the cylin-
der revolves like a fly wheel, the piston being made to act on
a fixed crank.

Historical Remarks—The following are some of the most
interesting facts in the history of the Steam Engine.

The ancient Greeks and Romans appear to have been ac-
quainted with the power of steam to produce motion, and in-
vented the eolipile, which was a close vessel containing water,
and which gave out a forcible current of steam whenever the
water was heated. The force of this eurrent was used by
Hero to produce a revolving motion.

The power of confined steam, acting by its pressure, was
discovered by the Marquis of Worcester, and an account of its
effect published by him in 1663. He produced a steam pow-
er sufficient to burst a cannon, and constructed a machine ca-
pable of raising waler to the height of forty feet. He has not,
however, left any drawings or particular description of his ma-
chine.

In 1698, a patent was granted to Thomas Savery, for a
method of raising water by steam. This apparatus consisted

* For an account and figure of an engine of this kind, see Farey on the Steam
Engine, p, 686, and PL XVIL.
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of a boiler, a separate steam vessel, and pipes commanded by
valves. The steam from the boiler was first admitted so as to
fill the steam vessel. It was then condensed, and the steam
vessel filled with water which rose by the atmospheric pressure
~from the well or mine. The steam was then readmitted, and
the water in the vessel was driven upward to the top of the
pipes, and discharged. :

About the year 1705, Thomas Newcomen, constructed a
working steam engine, which has since been called the atmos-
pheric engine. It contained a cylinder and piston, and an al-
ternating heam, which was applied toraise water by working
a pump. The water was condensed in the cylinder itself, and
the valves were moved by hand, until an attendant contrived
to make the machine move its own valves, by attaching strings
to the working beam.

After this the steam engine continued without any impor-
tant alteration, for more than half a century, when, about 1769,
the discoveries and inventions of James Walt gave a new
gpring to the energies of this machine, and have more than
doubled the power which it formerly possessed. Mr Waitt’s im-
provements were numerous and important, but those of great-
est value were the following. 1. He introduced the separate
condenser. 2. He applied the double action of steam by
closing the top of the cylinder, and admitting the steam alter-
nately at each end. 3. He converted to use the expansive
power of steam, by cutting off’ the current before the end of
the stroke.  Mr Walt also invented the principle of the par-
allel motion, and applied the governor, toregulate the supply of
steam.

In 1802, the first high pressure or noncondensing engines
were constructed by Oliver Evans, in Philadelphia, and in the
same year by Trevithick and Vivian, in England. Theidea
of such an engine had before occurred to Leupold, Watt, and
others. 'The first steam carriage was put in motion on a rail-
way, by T'revithick and Vivian, in 1805.

Steam navigation wassuggested in England by Jonathan

3 e
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Hulls, in 1736. It was first tried in practice by the Marquis
de Jouflroy in France, in 1782, and nearly at the same time in
America, by James Rumsey of Virginia, and John Fitch of
Philadelphia. It was first made practically successful hy Rob-
ert Fulton, at New York, in 1807. The first steam vessel
which crossed the Atlantic, was the American ship Savannah,
in 1519.

Projected Improvements.—Besides the improvements which
have been actually effected in the construction and application
of the steam engine, a variety of projects for increasing the
power and usefulness of this agent, have from time to time
occupied the attention of ingenious men. Of the improve-
ments which have been attempted, some are opposed by ob-
stacles which have not yet been satisfactorily surmounted, and
others by difficulties in themselves insurmountable. The fol-
lowing have been among the most prominent subjects of spec-
ulation.

1. Rotative Engines—These are engines in which the
steam is so applied as to produce a direct rotary motion with-
out the intervention of a rectilinear movement. Engines on
this principle have been constructed in many differentways. An
idea of one of the most obvious forms may be obtained from
the eccentric pumps described in the following Chapter, which
have been converted into steam engines, by reversing the mo-
tions, and changing the resistance for the power. Some rota-
tive engines have been constructed on the principle of Barker’s
mill ; others have been made by immersing an overshot wheel
in a cistern of heated fluid, either water, oil, or melted metal,
and delivering the steam under the ascending or inverted buck-
ets, so that when these were filled with steam, the full buckets
on the opposite side might preponderate and cause the wheel
to revolve. But in, general the rotary engines hitherto con-
structed, have either been feeble in power, or encumbered with
excessive friction, on account of the extensive packing which
is necessary to keep them tight; so that none of them have
found theit way into use. It is probable that no method of
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constructing a variable cavity for steam, which is in other re-
spects suitable, affords so advantageous a mode of applying
the power, as the cylinder and piston producing rectilinear
motion.

Use of Steam at high Temperatures.—In noncondensing
or high pressure engines, the power which is convertible to use,
consists of the surplus, which remains, after overcoming the
pressure of the atmosphere. Of course, the higher is the tem-
perature at which the steam is worked, the greater is the total
gain, supposing the absorption of heat and the production of
power to continue to take place in equal proportions. This
consideration, with other expected advantages, has given rise
to many attempts to improve the steam engine, by devising
modes of applying steam at much higher temperatures than
those which it has been ordinarily found practicable to employ.
Attempts of this kind have also frequently been founded upon
an undue estimate of the elastic force of steam at high tem-
peratures, and of the absorption of heat during its production.
In practice, it is found difficult to obtain a material capable of
confining water and steam in safety, when raised to such a
temperature as to produce a pressure of ten or more atmos-
pheres ; since, independently of the strain upon the joinings,
the cohesive strength of metals is diminished, and their oxi-
dation promoted, by exposure to great heat.

Use of Vapors of low Temperature—~Certain liquids, such
as alcohol, ether, sulphuret of carbon, and a liquid obtained by
condensing oil gas, have been proposed as substitutes for wa-
ter, in producing steam, on account of the low temperature at
which they are converted into vapor. Thus alcohol boils at
about 173 degrees of Fahrenheit, sulphuric ether at 95 degrees,
muriatic ether at 51 degrees,* sulphuret of carbon at 116 de-
grees, and oil gas liquid at 186; all of which are lower than
the boiling point of water. Some of these, when raised to the
boiling point of water, have a much greater elastic force than
that fluid. Thus the sulphuret of carbon at 212 degrees, has

* Ure's Dictionary.
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an elastic force equal to about four atmespheres,* and sulphuric
ether of nearly six atmospheres. But these advantages
are nearly counterbalanced by the small spaces through
which these vapors act, their volume at their boiling point be-
ing only from about an eighth to a third part of that of steam,
at the boiling point of water. To this disadvantage may be
added the expensive character of these substances, and the
difficulty of condensing them without loss, in any working en-
gine. Some of them likewise, as the ethers, act chemically
upon metals, and could not on this account be employed in
engines made of the common materials.

Gas Engines.—It has been attempted to obtain power for
propelling machinery, from the combustion, or explosion, of
inflammable elastic fluids, such as coal gas, and the vapor of
combustible liquids, mixed with atmospheric air. In-com-
bustions of this kind, rarefaction and subsequent condensa-
tion take place, which, if conducted within suitable cavities,
may be made to aflord a moving power, applicable to machin-
ery. The principal engines which have been constructed for
using this power, are those of Messrs Morey, in this country,
and Brown, in England. Ifa power of this kind could be
made to afford an adequate propelling foree for locomotive en-
gines upon public roads, it would possess an advantage in the
lightness of the machinery, compared with the weight of steam
engines with their water and fuel. But it remains for experi-
ence to determine, whether the space through which the foree
will act, taken in connexion with the cost of the materials, can
render this an economical source of power.

In addition to the foregoing method of procuring power by
the combustion of gases, Sir H. Davy has proposed the em-
ployment of certain fluids which are volatile at common tem-
peratures, but which have been condensed into liquids under
greal pressure, such as carbonic acid, ammonia, &e. His
views are founded wupon the immense difference which exists

* See Tredgold's tables, Steam Engine, p. 78—81.
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between the increase of elastic force in gases under high and
low temperatures, by similar increments of temperature. But
doubts have been raised upon this subject, with regard to the
space through which the force of these gases will act, and also
in regard to the quantity of heat required to produce the change
of temperature required.”

Steam Carriages—It has long been a favorite object with
projectors to construct a form of the steam engine in connexion
with a carriage, which should be capable of propelling itself
upon the public roads. Locomotive engines are capable of
moving themselves upon rail roads, and of drawing with them
additional loaded carriages ; because in this case the motion is
uniform, and very little of the power is expended in surmount-
ing obstacles, or changing the form of the road. But upon a
public highway it requires, by a common estimate, about eight
times as much power to propel a carriage, as it does upon a
rail road.  Of course, the weight and inertia of an engine ca-
pable of producing this power, must increase somewhat in the
same proportion, and a great part of the power will become
necessary to transport the machine itself. The inertia, also,
will be continually brought into unfavorable action by the jolts
and concussions inseparable from highway travelling, and thus
endanger the destruction of a machine requiring such nice
adaptation of parts as the steam engine. It appears that steam
carriages have been made to run upon good roads, during
short experiments, while the engine was new. But we have
no account, as yet, of any one having lorig performed this kind
of service.

Steam Gun.—DMr J. Perkins,t whose experiments on the
steam engine are well known, has attempted the employment
of the expansive force of steam, as a substitute for gunpowder,
in throwing projectiles. The steam gun invented by him, is
somewhat similar in its construction to the air gun, but the

" Philosophical Transactions, 1826, Tredgold on the Steam Engine, p. 84.
t The public are indebted to Mr Perkins for the art of steel engraving, the
nail machine, and many other useful inventions. '
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power is derived from a magazine of water heated to a very
high temperature, so that when portions of it are discharged
from the vessel containing it, they produce steam enough to
project a cannon ball with great force. The balls are admit-
ted into the gun, in succession, from a hopper, and can be dis-
charged at the rate of 24 in a minute. It appears from some
experiments made with these guns in France, that the projec-
tile force of steam is greatly inferior to that of gunpowder, a
consequence, no doubt, of the vast difference which is known
to exist in the initial force of the two agents ; nevertheless, the
rapidity with which the discharges may be made, seems capa-
ble of advantageous employment in some situations.

GUNPOWDER.

Manufacture.—~Gunpowder is a solid explosive mixture
composed of nitre, sulphur, and charcoal, reduced to powder,
and mixed intimately with each other. The proportion of the
ingredients varies very considerably ; but good gunpowder may
be composed of the following proportions ;—76 parts of nitre,
15 charcoal, and 9 sulphur, equal to 100. These ingredients
are first reduced to a fine powder separately, then mixed inti-
mately, and formed into a thick paste. This is done by
pounding them for a long time in wooden mortars, at the same
time moistening them with water, to prevent the danger of ex-
plosion. "The more intimate is the mixture, the better is the
powder ; for since nitre does not detonate, except when in con-
tact with inflammable matter, the whole detonation will be
more speedy, the more numerous the surfaces in contact. = Af-
ter the paste has dried a little, it is placed upon a kind of sieve
full of small holes, through which it is forced. By that pro-
cess it is divided into grains, the size of which depends upon
the size of the holes through which they have passed.

"Che powder when dry, is put into barrels, which are made
to turn round on their axis. By this motion the grains of gun-
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powder rub against each other, their asperities are worn ofl, and
their surfaces are made smooth ; the powder is then said to be
glazed. 'The granulation and glazing of the powder causes it
to explode more quickly, perhaps by facilitating the passage of
the flame among the particles.

Detonation.—When gunpowder comes in contact with any
ignited substance, it explodes, as is well known, with great vi-
olence. This effect may take place even in a vacuum. A
vast quantity of gas or elastic fluid is emitted, the sudden pro-
duction of which, at a high temperature, is the cause of the vi-
olent eflects which this substance produces. The combustion
is evidently owing to the decomposition of the nitre by the
charcoal and sulphur.  The products are carbonic oxide, car-
bonic acid, nitrogen, sulphurous acid, and probably sulphuret-
ed hydrogen. Mr Cruikshanks has ascertained that no per-
ceptible quantity of water is formed. What remains after the
combustion, is potash combined with a small portion of carbon-
ic acid, sulphate of potash, a very small proportion of sulphur-
et of potash, and unconsumed charcoal.

Force—The elastic fluid which is generated, when gun-
powder is fired, being very dense, and much heated, begins to
expand with a force at least 1000 times greater than that of air
under the ordinary pressure of the atmosphere.  And allowing
the pressure of the atmosphere to be 14§ pounds upon every
square inch, the initial force, or pressure, of fired gunpowder
will be equal to at least 14,750 pounds upon every square inch
of the surface which confines it. But this estimate, which is
that of Mr Robins, is one of the smallest which has been
made.  According to Bernoulli, the initial elasticity with
which a cannon ball is impelled, is at least equal to 10,000
times the pressure of the atmosphere, and from Count Rum-
ford’s experiments it appears more than three times greater
than this,

Gunpowder, on account of its expensiveness, and the sud-
denness and violence of its action, is not employed as a regu-
lar moving force for machinery. It is chiefly applied to
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the throwing of shot and other projectiles, and the blasting of
rocks.

When a ball is thrown from a gun, the greatest force is ap-
plied to it by each particle at the moment of its explosion.
But gince the ball cannot at once acquire the same velocity
with which the elastic fluid if at liberty would expand, it con-
tinues to be acted upon by the fluid, and its motion is accele-
rated in common cases, until it has escaped from the mouth of
the piece. The accelerating force, however, is not uniform,
and hence the following circumstances deserve attention. 1.
The elasticity is inversely as the space which the fluid occu-
pies, and, therefore, as it forces the ball out of the gun, it con-
tinually diminishes. 2. The elasticity would diminish in this
ratio, even if the temperature remained the same ; but it must
diminish in a much greater ratis, because a reduction of tem-
perature takes place, both from the dispersion of the heat, and
the absorption of it by the fiuid itself, during its rarefaction.
3. The fluid propels the ball by following it, and acts with a
force that is, cet@rus paribus, proportionate to the excess of
its velocity above the velocity of the ball. The greater the
velocity that the ball has acquired, the less, therefore, is its
momentary acceleration. 4. From this change of relative ve-
locity, there must be a period, when the velocity of the ball
will exceed that of the elastic fluid, and therefore the proper
length for a gun must be that, in which the ball would leave
the mouth, at the time when the velocities are equal ; and all
addititional length of the piece beyond this, can only serve
to retard the ball, both by friction and atmospheric pressure.

The force of fired gunpowder is found to be very nearly
proportionate to the quantity employed ; so that if we neglect
to consider the resistance of the atmosphere, then the height
to which the ball will rise, and its greatest horizontal range,
must be directly as the quantity of powder, and inversely as
the weight of the ball. Count Rumford, however, found that
the same quantity of powder exerted somewhat more force

upon a large ball than on a smaller one.
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level. Aqueducts are artificial channels or conduits for the
conveyance of water in a horizontal or descending direction.
The aqueducts constructed by the ancient Romans, were
among the most costly monuments of their arts. Several of
these were from thirty to a hundred miles in length, and con-
sisted of vast covered canals built of stone. They were car-
ried over valleys and level tracts of country upon arcades,
which were sometimes of stupendous height and solidity, A
similar method has been practised in some modern cities of
warm or temperate climates.

In colder latitudes, if the course of the aqueduct is above
the ground, the water is liable to be interrupted by freezing in
winter. It has therefore become common to resort to subter-
ranean passages for water, which are placed so deep as to be
below the reach of frost, and are, also, favorably situated both
for convenience and economy. Culverts and drains which are
intended merely to remove and expend water, are usually made
of brick or stone ; but for conveying water with the smallest
expenditure by loss, waler pipes are most frequently resorted
to.

Water Pipes.—'The pipes by which water is conveyed be-
neath the ground, are generally of small or moderate size, and
are intended to be water tight. In consequence of a well
known law of fluids, a water pipe may possess any degree of
flexure, and any number of curvatures below the level of the
fountain head ; yet if it be not obstructed by air, or any other
internal obstacle, it will rise at the discharging end, and may
be delivered at the height of the original level.* Pipes for
transmitting water have been made from a great variety of
materials. It is desivable that they should possess strength,
tightness, and durability, and that the material of which they
are composed should not be capable of contaminating the wa-
ter.  Woeoden pipes are commonly hollow logs, perforated by

* It appears that the use of water pipes was not unknown to the ancients.
Some rules respecting the use of leaden and earthen pipes are given by Vitruvius,
de Architectura, Lib, viii.
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borin7 through their axis, and connected together by making
the end of one log conical, and inzerting it into a conical eavi-
ty in the next. When large trunks are required, they are
composed of thick staves, and hoops, like a cask. They should,
where practicable, be imbedded in clay, and buried at a great-
er depth than the frost is ever known to penetrate. Wooden
pipes are in common use in this country, bnt are liable to de-
cay, especially at the joints, where their thickness is smallest,
In salt marshes they are more durable, though still liable to de-
cay from the attrition and decomposing effect of the water with-
in them.

Iron pipes are, at the present day, considered preferable to
those of wood, being stronger, and in most situations more du-
rable. They are made of cast-iron, with a socket, or enlarged
cavity at one end, into which the end of the next pipe is re-
ceived. The joints thus formed are rendered tight, either by

filling the interstices with lead, or by driving in a small quan-
tity of hemp, and filling the remainder of the socket with iron
cement, made of sulphur, muriate of ammonia, and chippings
of iron. Copper pipes are extremely durable, and are made
of sheet copper, with the edge turned up and soldered. They
require to be tinned inside, on account of the poisonous char-
acter of some of the compounds, which are liable to be formed
inthem. Lead pipes are much employed for small aqueducts,
owing to the facility with which they can be soldered and
bent in any direction. They are commonly cast in short
pieces, and afierwards elongated by drawing them through
holes, in the same manner as wire. Leaden pipes, in general,
are supposed not to contaminate the water contained in them,
because the carbonate of lead, which is sometimes forined in
them, is insoluble in water. They are not safe, however, for
pumps and pipes intended to convey acid liquors.  Stone pipes
preserve the water contained by them in a very pure state.
They are, however, expensive, on account of the labor of work-
ing them, with the exception of soap stone, which, being easi-
ly shaped and bored, may be usefully applied to the purpose of
conveying water, in those places where it is easily procured.

'
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head, or reservoir, greatly affects the quantity of water re-
ceived by it.  If it be gradually enlarged like a trampet mouth,
a larger quantity of water will be received than by any of the
modes which follow, because the direction given to the particles
by this form, is most favorable to their admission. If the en-
trance to the pipe be abrupt, in consequence of the cavity be-
ing wholly cylindrical, the particles will have a tendency o
cross each other, and less water will enter the pipe in a given
time. And if the end of the pipe projects into the reservoir, a
variety of opposing forces will be produced among the particles
moving toward the entrance, so that a smaller quantity will
be received by the pipe, than in either of the preceding cases.

The form of the discharging orifice also influences the quan-
tity of water delivered by a pipe in a given time. If the end
of the pipe be enlarged, by adding to it a frustrum of a hollow
cone, the amount of water discharged in some cases, may be
prodigiously increased.® This fact, described by Venturi, ap-
pears to be the result of the pressure of the atmosphere, aided
by the inertia and cohesiveness of the water.

Obstruction of Pipes.—Water pipes are liable to be ob-
structed, chiefly by the following circumstances. 1. By the
freezing of the water in winter, if the pipe has not been laid
sufficiently deep. 2. By the deposition of sand and mud in
the lower parts of the pipe. To obviate ihis, the water should
pass through a strainer before it enters the pipe. And if plugs
are placed at the lower parts of the bendings, then, whenever
these are opened, the water rushes out with sufficient rapidity,
and carries the deposition with it. 3. By the penetration of
roots, or the growth of aquatic vegetables, in the cavity of the
pipe. 'This principally happens in wooden pipes, after they
begin to decay. 4. By the collection of air in the upper parts
of the bendings. This is a serious evil, and may take place
in all pipes which have an undulating course, or more vertical
curvatures than one. When air is thus confined in the pipes,
the water will not rise to the same height at the discharging

* See Edinburgh Encyclopedia, Art. Hydrodynamics, pp. 494, 495.
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end, as at the fountain head. The air being the lighter fluid,
tends to occupy the highest part of the bendings. Any pres-
sure applied at the fountain head tends to push this air a little
beyond the highest part, so as to make it occupy a portion of
the descending side of the curve. Of course the sum of the
weights in the descending sides, will be less than the sum of
the weights in the ascending sides, and the fluids will not be
in equilibrium, except when the witer at the fountain head is
higher than that at the discharging end. The conditions
upon which this equilibrium is produced are the same as those
which sustain the fluid at different levels in Hero’s fountain,
the spiral pump, and the hydrostatic lamp.

The prevention of this evil consists in avoiding vertical
curves, and in laying the pipe, if possible, with an uninterrupt-
ed slope or at least with only one slope in each direction,
When this is done, the air will escape, at one, or both, ends
of the pipe. But when vertical curves are unavoidakle, an
open tube, the height of which is equal to that of the foun-
tain head, should be attached to the highest partof the curve,
By this arrangement the air will readily escape. In like
manner, if a tight air-box be fastened upon the upper part of
the curve, and filled with water, the air will escape into this
box and displace the water, without interrupting the current
in the pipe. 'The air-box may be made to regulate itself, and
to discharge the air when it is full, by means of a valve in the
top connected with a floating, hollow copper ball.  As the air
increases, the copper ball will subside with the water, till it
opens the valve for the air io escape. In Fig. 1, A B repre-

Fie. 1, 'S A
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They then pass upwards till they arrive at the top of the wheel,
where they strike a fixed obstacle and are overset, discharging
their water into a trough placed at the top to receive it. This
machine is said to be in common use in several of the Oriental
countries,

Noria—The machine used in Spain under the name of
noria, consists of revolving buckets like the Persian wheel.
But instead of a single wheel, two drums, or trundles, are em-
ployed, and the buckets are attached to ropes or chains passing
round them. In Spain, earthen pitchers are said to be used,
but in other countries wooden buckets are employed, like those
of -an overshot wheel. A sufficient idea of the form of the
noria may be obtained by inspecting the figure of the chain
wheel, on page 264, and supposing the motion reversed.

Rope Pump.—Instead of a series of buckets connected by
ropes or chains, a similar effect is sometimes produced by a
simple rope, ora bundle of ropes, passing over a wheel above,
and a pulley below, moving with a velocity of about 8 or 10
feet in a second, and drawing up a certain quantity of water by
its friction. It is probable that the water commonly ascends
with about half the velocity of the rope. While the water is
principally supported by the friction of the rope, its own cohe-
sion is sufficient to prevent it from wholly falling, or being
scattered, by any accidental inequality of the motion. The
portion raised is collected in a trough at the top.

Hydreole.—This name is given by M. Mannoury Dectot,
to an invention for raising water by the admixture of atmos-
pheric air. Ifa column of water be intimately mixed with
air in small bubbles, the air will occupy some time in ascending
to the surface, and the mean while the collective specific grav-
ity of the whole column will be much less than if it consisted
of water alone. If a vertical tube be placed in a reservoir of
water, and if a quantity of air be injected into the bottom of
the tube, by a bellows, or forcing pump, the water in the tube
will immediately rise to a higher level, and remain until the
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pressure. This may be avoided by placing the moveable
valye below the fixed valve, and introducing the piston at the
bottom of the barrel. It is then worked by means of a frame
on the outside. Such a machine is called a lifting pump.
In common with sther forcing pumps, it has the disadvantage of
thrusting the pision before the rod, and thus tending to bend
the rod, and produce an unequal friction on the piston, while, in
the sucking pump, the principal force always tends to straight-
en the rod.

Bag Pump.—A bag of leather hassometimes  Flig, 11.
been employed for connecting the piston of a
pump with the barrel, and in this manner nearly
all friction is avoided. Tt is probable, however,
that the want of durability would be a great ob-
jection to such a machine. In Fig. 11, A rep-
resents a leathern bag attached to a number of
hoops. This bag is alternaiely extended and
contracted, like a bellows, by every stroke of the
piston, and raises the water without friction
against the pump. |

Double acting Pump.—The rod of a sucking, pﬂmp may
also be made to work in a collar of leather at the top, as at A
in Fig. 12, and the water may be forced through  Fig. 12
a valve into an ascending pipe B. By applying
an air vessel to this, or to any other forcing pump,
as is done in fire engines, its motion may be equal-
ized, and its performance improved ; for if the ori-
fice be large enough, the water may be forced into
the air vessel, during the stroke of the pump, with
any velocity that may be required, and with little
resistance from friction ; whereas the loss of force,
from the frequent amelﬂratmns and retardations of |}
the whole body of water, in a long pipe, must a.lwa}*a he con-
siderable. The condensed air, reacting on the water, expelslt ;
more gradually, and in a continual stream, so that the air ves- 1
sel has an effect analogous to that of a fly wheel in mechanics. §
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Rolling Pump.—A purop of this Fig. 13.

kind is formed by a barrel, or hollow

eylinder, shown in section in Fig. 13, % c

having two partitions. One of these, * 7B . g
d

A B, is fixed, and the other, C D, is
composed of two wings, or valves, o
capable of an alternate meotion about
the axis of the cylinder. When the partition C' D turns in
one direction, the water in the cavity C is driven out at the
orifice @, and will rise in a pipe attached to that orifice. At
the same time the water in the cavity D is forced out at the
orifice d. While this is taking place, fresh portions of water
enter the remaining cavities at w and 2. When the partition
CD has moved as far as possible, it then returns in the op-
posite direction, and drives out the water through » and z, and
receives fresh water through & and e.  'The orifices which re-
ceive the water have valves opening inward, and those which
discharge it have valves opening outward. The machine is
worked by arms attached to the axis of the cylinder, which for
this purpose projects through a collar in the ends of the vessel.
For the sake of simplicity, a sector of a cylinder, is some-
times used, in which case a single partition, or valve, like a
door on hinges, traverses the whole cavity, and only half the
number of orifices are necessary, to admit and discharge the
water. Fire engines, for projecting water, have been con-
structed in both these methods by different inventors.
Eccentric Pump.—The eccentric pump,  Fig. 14.
a section of which is shown at Fig. 14, con-
sists of a hollow cylinder a d, in the interior
of which a solid cylinder b, of the same length, -
but of about half the diameter, is made to re-
volve, by its axle passing through water tight
collars in the ends of the exterior cylinder.
The internal cylinder is so placed, that its
surface comes in contact with some part of
the internal surface of the larger cylinder.
"The surface of the small cylinder, is also fur-
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nished with four large valves, or flaps, turning on hinges, and
partaking of its own curvature, so that when they are shut
down, they form no projections, but appear as parts of the
same eylinder. These valves are made to open by springs or
otherwise, so that when one of them is brought by the revolu-
tion of the internal eylinder into the narrowest part of the in-
ternal space, it is pressed down and shut ; but as the inner cyl-
inder moves on, the valve being gradually carried forward, will
continue to open until it arrives at the widest part of the cavity.
It is then pressed down again by a continuation of the revolu-
tion. In this way the water behind the valve is drawn up
from the feeding pipe by the atmospheric pressure, while that
before the valve is forced upward into the delivering pipe. As
each of the valves performs the same operation in its turn, this
pump affords a constant supply of water.

Rotative steam engines have been constructed by different
projectors, on the principle of this pump, as well as the follow-
ing.

Another form of an eccentric pump, isseen  Flig. 15.
in Fig. 15. The roller, or solid eylinder, A
revolving within the reservoir, or hollow c}f—
linder, B I, carries with it the slider, D E,
which is made to sweep the internal surface ||
of this cylinder by revolving in the direction
from C to F, so that the water is drawn up
by the pipe C, and discharged by the pipe F. z

An objection to all pumps of this sort, is, that if they are
made tight enough to hold water, they occasion a great degree
of friction on account of the extensive contact of the moving
surfaces. 'The continual change, also, which takes place, both
in the direction and velocity of the water, is productive of
great resistance from inertia. The stream at the delivering
orifice, although never wholly intermiited, is by no means uni-
form in its velocity.

Armﬂgmnem of Pipes.—The pipes, through which wa-
ter is raised, by pumps of any kind, ought to be as shori










ARTS OF CONVEYING WATER. 329

project it upwards in the form of ajet, asin Flig.
17. The first reservoir C of the fountain is
lower than the orifice of the jet. A pipe de-
scends from it to the air vessel, B, which is at
some distance below, and the pressure of the
air is communicated, by an ascending tube, D,
to a third cavity, A, containing the water which
supplies the jet. In this form of the machine,
the water will continue to spout from the pipe
E, until all the water in the reservoir C has
descended into the vessel B. The principle of ZJ
Hero’s fountain has been applied to raise oil in lamps, and one
of its most simple forms has already been described under the
head of hydroestatic lamp, page 181,

Atmospheric Machines.—The spontaneous vicizsitudes of
the pressure of the air, occasioned by changes in the weight
and temperature of the atmosphere, have been applied by
means of a series of reservoirs, furnished with proper valves, to
the purpose of raising water by degrees to a moderate height.
But it seldom happens that such changes are capable of pro-
ducing an elevation in the water of each reservoir of more than
a few inches, or at most a foot or two, in a day ; and the whole
quantity raised must therefore be inconsiderable,

Hydraulic Ram.—"The momentum of a stream of water,
flowing through a long pipe, has also been employed for raising
a small quantity of water to a considerable height. The pas-
snge of the pipe being stopped by a valve, which is raised by
the stream, as soon as its motion becomes sufficiently rapid,
the whole column of fluid must necessarily concentrate its ac-
tion almost instantaneously on the valve. In this manner
it loses the characteristic property of hydraulic pressure, and
acts as if it were a single solid ; =o that, supposing the pipe to
be perfectly elastic, and inextensible, the impulse may overcome
any pressure, however great, that might be opposed to it. If
the valve opens into a pipe leading to an air vessel, a certain
quantity of the water will be forced in, 0 as to condense the

42
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Another obstacle is the resistance of the atmosphere, which
increases in a rapid ratio, as the velocity of the water becomes
greater, and which is also greatly augmented as the water di-
vides, and spreads out a greater surface to the resistance of
the air. A third obstacle consists in the resistance which the
water offers to itself. T'he parts first projected, being constant-
iy retarded in their ascent by gravity and atmospheric resist-
ance, oppose the progress of the parts which are last projected,
and which have the greatest velocity. And as fluids move in
all directions, this impulse of different parts of the water against
each other, tends to widen, and consequently to shorten the
column. In a vertical jet, moreover, the weight of the falling
water opposes the ascending column, and hence a fluid will
spout higher, if the jet be turned a little to one side, than if it
be perpendicular.

Fountains.—Artificial fountains which throw a perpetual
jet of water, usually act by the pressure of a reservoir of water,
situated ata greater height than that of the jet produced. "The
water is conveyed from the reservoir to the place of the foun-
tain, in pipes, and if the orifice from which it issues be directed
upward, it will spout to a height approaching that of the res-
ervoir. It will always, however, fall short of this height,
for the reasons already stated ; and the difference will be
greater in jets of great height, than it is in lower ones ; since
it iz found by experiment, that the diflerences between the
heights of the jets and of the reservoirs, are as the squares of
the heights of the jets themselves.* Fountains are chiefly
used .or purposes of ornament, and when of large size require
to be fed from the elevated parts of rivers, or bodies of water
having a high level. At Peterhoff, in Russia, there are two
fountains which spout a column of water 9 inches in diame-
ter, to the height of sixty feet, and the fall of the returning
water produces a concussion sufficient to shake the ground.

* Ascertained by Mariotte, Bossut, Tom. ii. § 615,
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Flire Fngines.—The engines used for extinguishing fires
in buildings, are in effect a species of forcing pumps, in which
the water is subjected to pressure sufficiently strong to raise it,
by a jet or otherwise, to the required height. But if the forc-
ing pump were used alone, the water would issue only in in-
termitting jets, in consequence of the reciprocating motion of
the pump, and thus a great part of it would become ineffectu-
al. In order to make the discharge umiform, and thus keep
up a continual stream, a strong vessel filled with air, is attached
to the engine. Into this vessel the water is forced by the
pumps, and as the air cannot escape, it is condensed in propor-
tion as the water accumulates, until it reacts upon the surface
of the water with great power. If the air be condensed into
half the space which it originally occupied, it will act upon
the water with a pressure equal to that of two atmospheres,
and will be adequate to raise water throngh a tube to the height
of 33 feet, or to project it through the atmosphere to nearly the
same height.  'When the air is condensed to one third of its for-
mer volume, in consequence of the air vessel being two thirds
filled with water, its elasticity will be three times greater than
that of the atmosphere. It will therefore raise water in a tube
to the height of 66 feet, and would throw it to nearly the same
height were it not for the resistances, which have already been
explained.

The foregoing prineiple of the fire engine has been various-
ly modified, by adapting different kinds of pumps to the air
vessel, and by altering various details. In the engines of
Newsham and others, two cylinders, constructed like forcing
pumps, are worked by the reciprocating motions of transverse
levers, to which the handles are attached. In this way the
water iz forced into the air vessel, from which it afierwards
spouts through a moveable pipe. In some other engines a
single cylinder is used, the piston rod passing through a tight
collar, as it does in Watt’s steam engine, thus alternately re-
ceiving and expelling the water at each end of the cylinder.
In Rowntree’s engine, and some others, a mechanism is used
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like that of the rolling pump, a part of the inside of a cylinder
being traversed by a partition like a door hinged upon the ax-
15 of the eylinder, which drives the water successively from
each side of the cylinder, into the air vessel.

A long, flexible tube, made of leather, and known among
firemen by the name of hose, is of great use in carrying the
spouting orifice near to the flames, and thus preventing the
water from being scattered too soon. It also serves an impor-
tant purpose in bringing water from distant reservoirs, by suc-
tion created in the pumps of the engine.

Throwing Wheel—A throwing wheel, otherwise called a
flash wheel, or fen wheel, is used for raising water, both by
lifting and projecting it.  Its structure resembles that of an un-
dershot water wheel, or more properly of a breast wheel. Its
under surface is received in a trough or channel, which curves
upward. When the wheel is made to revolve, it drives the
water before it, and throws it out from the trough at a consid-
erable elevation. 'T'hese wheels are used for draining ponds,
marshes, &c., and are turned by wind-mills, or any other pow-
er. Iftheir movement is slow, they simply lift the water, and
cause it to overflow at the end of the trough. But if they re-
volve with much velocity, they are capable of throwing the
water to a still higher level.

Roemsox’s Mechanical Philosophy, Articles Theory of Rivers, Wa-
ter Works, &c.;—Grecory’s Mechanics, vol. i. ;—Youne’s Natural
Philosophy, vol. i. ;—Bossur Traité Theoretique et Experimental d® Hy-
drodynamique, 1771, &c.;—Duv Buar Traité &' Hydraulique, et Pyrody-
namique, 1786, &c. —Ventury, Récherches Exrperimentales sur les Flu-
ides, 1797 ;—Rexrs’ Cyclopedia, article Water ;—Edinburgh Encyelope-
dia, article Hydrodynamics ;—And the Hydraulic Works of MariorTE,
GuerieLyint, MicaerorTy, D. and J. Berxovrey, D’Aveneert, Fon-
TaNA, M. Youne, Proxy, Vince, Juan, Exrenwern, &e.



CHAPTER XIV.
ARTS OF DIVIDING AND UNITING SOLID BODIES,

Cohesion—"TuE attraction of cohesion, which retains to-
gether the particles of solid bodies, is the foundation of their
strength. It exists in all solids, though in different degrees ;
and requires, before it can be overcome, the application of force
or of art, adapted to the strength and character of the particu-
lar body. In some substances, cohesion, when once overcome,
cannot be reproduced in its original state. In others it may
be restored by the intervention of fluidity, and in all, its effects
may be imitated by mechanical arrangements. 'The various
modes by which bodies may be divided, or united, have an im-
portant agency in mechanical constructions, and other processes
of art.

MODES OF DIVISION.

Fracture.—The simplest and least artificial mode by which
mechanical division is effected, is by breaking. The circum-
stances which influence the production of fracture by extension,
compression, lateral strain, and torsion, have been considered
in the second chapter of this work. In general, a force act-
ing suddenly is more liable to oceasion fracture, than one which
acts more gradually ; for in this case the parts which are first
strained may give way, before the stress is proportionally dis-
tributed among the remaining parts. A mass of plastic clay,
or of warm sealing wax, will bear to be gradually bent, but
will break if the motion is sudden. In like manner, percussion
occasions fracture more readily than pressure. A crack, or
partial fracture, in a body, greatly promotes the separation of
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the remainder, whenever a lateral force is applied ; because
the strength of the small parts tends to throw the strain more
immediately upon the weakened points, as explained on page
48.

Cutting.~-Cutting instruments act, in dividing bodies, up-
on the same principle asthe wedge. The blade of the instru-
ment is in general a thin wedge, but the edge itself is usually
much more obtuse. Mr Nicholson has estimated the angle
which is formed ultimately by.the finest cutting edge, at about
56 degrees. If the edge of an instrument were not angular,
but rounded or square, it would still act as a wedge, by push-
ing before it a wedge-shaped portion of the opposing particles,
as is done by obtuse bodies moving in fluids. In general an
oblique motion is more favorable to cutting than a direct,
and this is because the edges of steel instruments are rough
with minute asperities, like saw teeth. This circumstance,
however, is of less importance when the material operated up-
on is very firm and the cutting is deep ; for in this case the
friction and compression consume more force, than the actual
division. This takes place with axes and chisels, which are
necessarily made thick, to secure the requisite strength.

The quality in tools which is called temper, is opposed to
brittleness on the one hand and to flexibility on the other. In-
dependently of the quality of the metal, it appears to be some-
what influenced by temperature, since axes and other tools are
liable to break, or gap, in frosty weather, and razors cut best
after being immersed in hot water. :

The kind of cutting which is performed by seissors, depends
upon the process called detrusion, in which the coherent par-
ticles are pushed by each other in opposite directions. 1In this
case, the cutting edges require to be angular, but the angle not
very acute. The shearing of woollen cloths, the slitling and
punching of metals, the cutting of nails, and various other me-
chanical processes, are performed on this principle.

Cutting Machines.—A variety of fibrous and woody sub-
stances, used by druggists and dyers, require to be reduced to
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a coarse powder like saw dust, to facilitate the extraction of
their soluble matter. This is not easily done in any of the
common mills, owing to the toughness of the material. It is
sometimes effected by machinery with circular rasps or saws,
but a more economical application of a dividing force in these
cases, is obtained by the rapid revolutions of a sharp cutting
instrument. In a machine for cutting straw, a number of
blades revolve upon an axis, with a fly. In Bramah's sur-
Jace planing machinery, and in Blanchard’s ingenious en-
gine for cutting definite forms by a pattern, sharp instruments
of different forms, are made to revolve upon axles, or slide in
grooves, while the material operated on is put in motion, so as
to place itself in the proper position to receive the cut.

Penetration—Bodies are penetrated either by pushing
aside a portion of their substance, as in driving a nail; or by
removing a portion, as in boring and drilling. In addition to
the force of cohesion, the resistance opposed by a solid, or
even by a soft substance, to the motion of a body tending to
penetrate it, appears to resemble, in some measure, the force of
friction, which is nearly uniform, whether the motion be slow
or rapid, destroying a certain quantity of momentum in a cer-
tain time, whatever the whole velocity may be, or whatever
may be the space described. Hence arises an advantage in
giving a great velocity to a body which is to penetrate another,
since the distance to which a body penetrates will be nearly as
the square of its velocity.” T'he same remark applies equally
to the action of cutting instruments. 'The effect of a hammer
in driving a nail, depends partly on the influence of velocity
in modifying friction, and partly upon the momentum accu-
mulated in the hammer, the eflect of which resembles that of
a fly wheel.

Boring and Drilling.—The processesof boring and drilling,
performed by gimlets, augers, centrebits, drills, &c., is a spe-
cies of circular cutting, in which a cylindrical portion of the sub-

+ See Young's Natural Philosophy, vol. i. p. 225, and Playfair's, vol. i. p. 97.
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stance is gradually removed.  Drills are made to turn rapidly,
cither in one direction by means of a lathe wheel and pulley,
or alternately in opposite directions, by a spiral cord which
coils and uncoils itself successively upon the drill, and is aided
by a weight or fly. In boring cannon, the tool is at rest, while
the cannon revolves, and by this arrangement the bore of the
cannon is formed with more accuracy than according to the
old method of putting the borer in motion, perhaps because
the inertia of so large a mass of matter assists in defining the
axis of the revolution with more accuracy. 'The borer is kept
pressed against the cannon by a regular force. Cylinders of
steam engines are cast hollow, and afterwards bored ; but in
this case the borer revolves, and the cylinder remains at rest.
In either case, it is important that the axis of the borer, and
that of the cylindrical material, should coincide; for when it
is otherwise, if the borer revolves, it will perforate obliquely,
and if the material revolves, the perforation will be conical.

T'wrning —Turning is an elegant operation, used to pro-
duce regular figures, the section of which is circular. Like
boring, it is a species of circular cutting, and is performed in
a well known machine called a lathe, in which the material
to be cut revolves about its axis, while the tool is kept station-
ary and supported by a rest. Besides circular forms, it may also
be used to produce regular curvilinear figures, which may be
multiplied indefinitely. T'he effect of most lathes of compli-
cated construction, depends on a certain degree of motion, of
which the axis is capable. If this motion be governed by a
frame producing an elliptic curve, any number of ovals having
the same centre may be described at once ; and if a moveable
point connected with the work, be pressed by a strong spring
against a pattern of any kind, placed at one end of the axis, a
copy of the same form may be made at the other end of the
axis. Greometrical lathes, governed by eccentric wheels, and
capable of describing an indefinite variety of complex figures,
upon a metallic plate, are used for bank notes and orna-
mental designs,

43
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Altrition.—The action of files, rasps, grindstones, and
hones, consists in successively cutting or breaking away mi-
nute particles from the surface of bodies. They are used
chiefly for wearing oft’ portions of hard substances, particularly
metals. The surface of grindstones and whetstones, is kept
moist with water or oil, the use of which is not so much to
obviate the production of heat by friction, as to prevent the
adhesion of foreign particles from filling up the interstices of
the grit. In the finer kinds of grinding and polishing, cer-
tain hard substances are used in the form of powder, such as
emery, tripoli, sand, putty, oxide of iron, &ec.

Sawing.—Saw Mill—A saw, in many respects, resembles
a rasp, and acts by culting or breaking away large particles
in the direction of its own plane. The thinner the saw is, the
easier is the operation, since a smaller amount of substance
is removed by the teeth. For the sake of this advantage, and
for economy of the material, the blades of saws are made thin,
and often stretched upon frames, to compensate the want of
rigidity. Saw mills erected for cutiing logs into boards, con-
sist usually of saws attached to frames, which have a recipro-
cating motion communicated to them by a erank connected
with a water wheel or steam engine. A ratchet wheel is
connected with the saw by means of a bar and click ; so that
at every stroke of the saw, the wheel is turned the length of
one tooth. The ratchet wheel acts by means of a rack, upon
a carriage, which supports the log, causing it slowly to ad-
vance, until the whole length of the log has passed the saw.

Circular Saw.—Circular saws, revolving upon an axis,
have the advantage that they act continually in the same di-
rection, and no force is lost by a backward stroke. Theyalso
are susceptible of much greater velocity than the reciprocating
saws, an advantage which enables them to cut more smooth-
ly. The size of circular saws, however, is limited; for, if
made too large, and of the usual thinness, they are liable to
waver, and bend out of their proper plane; and, on the other
hand, if made thick enongh to secure an adequate degree of
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strength, they waste both the power and the material, by cut-
ting away too much. Henee, they are not commonly applied
to the slitting of large timber, but are nevertheless very useful
in smaller works, for cutting off bodies which can be included
within a certain distance of the axis, and thus allow the saw
to be of small size. Circular saws, however, of large size, are
used in cutting thin layers of mahogany for veneering ; for
in this case the saw can be strengthened by thickening it on
one side towards the centre, the flexibility of the layer of wood al-
lowing it to turn aside, as fast asit is sawn off.  Circular saws
may be rendered more steady by giving them a greater veloei-
ty, so that the centrifugal force shall assist in confining thé
saw to its proper plane.

An ingenious machine has been invented in Maine, for
sawing off sheets of wood of an indefinite length, for veneer-
ing, by cutting a spiral layer from the surface of a cylindri-
cal log, the layer being turned off like a ribbon when unwound
from a roller. 'The sheets of rice paper, mentioned on page 56,
note, are said to be cut in the same spiral manner.

The sawing of marble is performed by saws made of soft
iron, and without teeth. ~ A quantity of sand and water is kept
interposed between them, and the sand, becoming partly im-
bedded in the iron, serves to grind away the marble. These
saws are worked horizontally for the convenience of retaining
the sand, and are moved either by hand, or by reciprocating
machinery. The cylindrical blocks which form the tambours,
or frusta, of columns, are sometimes cut out of marble, by per-
forating the block at the centre, and inserting an iron axis, to
the ends of which are attached frames, upon which a narrow
or a concave saw is stretched parallel to the axis. An alter-
nating motion is then given to the frame, until the saw has
cut its way round the axis,

Crushing.—When materials require to be broken into
minute parts, or when the texture of vascular substances is to
be destroyed, that they may yield their fluid contents, the op-
eration of crushing is resorted to. It is performed either by
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pereussion, with hammers, stampers, and pestles, or by simple
pressure, with weights, rollers, and runner stones.

Stamping Mill—For veducing the ores of metals to pow-
der, a number of heavy vertical bars, called stampers, are al-
ternately raised, and suffered to fall, by the action of Cams, or
wipers, projecting from the arbor of the mill wheel. The ore
is placed in a trough or mortar beneath, where it is acted upon
by the stampers until it is sufficiently comminuted. A stream
of water continually runs through the stamping trough, carry-
ing with it the particles, which have hecome fine enough to
pass through a screen provided for the purpose.

Barl Mill.—The bark used by tanners is reduced to a
coarse powder in various ways. One of the most common
methods, is to crush the bark by the revolutions of a circular
stone, called a runner stone, which resembles the wheel of a
carriage, travelling round in a continued circuit. The axis of
the stone is connected with a vertical shaft, so that the stone
has two motions, one round its own axis, which is horizontal, .
and the other round the vertical shaft. The bark is raked up
into a ridge before the stone, and is crushed or ground up, by
the edge of the stone rolling over it. In some more complicated
mills, the bark is successively cut with knives, beaten with
hammers, and ground with stones, or cylinders.

Oil Mill.—The oleaginous seeds from which oil is ex-
pressed, require to have their substance previously broken up
by the operations of a mill. In one of the best forms of the
oil mill, the seeds are first bruised to the consistence of paste,
by the action of runner stones. The paste is received in
troughs perforated with holes, through which a portion of the
oil drips, and this part is considered the most pure. 'The paste
is then put into strong bags, and subjected to pressure as long
asit yields oil. 'The remaining paste, or oil cake, is next taken
out of the bags, broken to pieces, and put into mortars. Tt is
here beaten by the action of heavy stampers, until reduced
to a very minute state of subdivision. The oil which is next
pressed out from it, is inferior in quality to the first, in conse-
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quenceof its containing more mucilage and farinaceous particles.
The seeds are nevertheless subjected to another pressure, afier
having been exposed to heat, which enables them to yield a
quantity more of oil, but of a still poorer quality.

Sugar Mill.—The machine by which sugar canes are
crushed, usually consists of three vertical rollers, the middle
one of which is turned by a horse, or other power, and turns
the remaining two by friction, or by toothed wheels; the lat-
ter method being most advantageous.  'The canes are supplied
by attendants, and are drawn in and crushed between the first
and second rollers, after which they return and pass between
the second and third. The juice which is pressed out by the
same operation, flows into a trough beneath.

Cider Mill—When the substances to be crushed are so
large that they cannot readily be drawn in between smooth
cylinders, it is necessary that the rollers should be indented at
their circumference. The common cider mill is formed with
two indented cylinders, the teeth of one of which enter thein-
dentations of the other. By this arrangement, the fruit to be
ground is caught by the projecting parts of the rollers, and reg-
ularly carried forward and crushed. Formerly it was the
custom to grind apples by runner stones, similar to those used
in bark mills. And at the present day cylindrical rasps are
sometimes employed, being supposed capable of destroying
the texture of the fruit more effectually.

Grinding —Grinding, in its most limited sense, may be con-
sidered as a species of erushing, or breaking, in which the force
acts partly in a lateral direction, so as to lacerate, rather than
compress the material acted upon. It is frequently produced
in small mills, by a cylinder or cone, turning within another,
which is hollow, the surfaces of both being cut obliquely into
teeth. In larger mills, it is commonly performed by one stone
moving upon another.

Grist Mill.—The common mill for grinding grain, is con-
structed with two circular stones placed horizontally. Buhr-
stone is the best material of which mill stones are made, but
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sienite and granite are frequently used, for indian corn and rye.
The lower stone is fixed, while the upper one revolves with
considerable velocity, and is supported by an axis passing
through the lower stone, the distance between the two being
capable of adjustment, according to the fineness which it is in-
tended to produce in the meal, or flour. When the diameter
is five feet, the stone may make about 90 revolutions in a min-
ute, without the flour becoming too much heated. The corn
or grain is shaken out of a hopper by means of projections
from the revolving axis, which give to its lower part or feeder,
a vibrating motion. The lower stone is slightly convex, and
the upper one somewhat more concave, so that the corn which
enters at the middle of the stone, passes outward for a short
distance, before it begins to be ground. After being reduced
to powder, it is discharged at the circumference, its escape be-
ing favored by the centrifugal force, and by the convexity of
the lower stone. The surface of the stones is cut into grooves,
in order to make them act more readily and effectually on the
corn ; and these grooves are cut obliquely, that they may assist
the escape of the meal, by throwing it outward. The opera-
tion of bolting, by which the flour is separated from the bran,
or coarser particles, is performed by a cylindrical sieve placed
in an inclined position, and turned by' machinery. The fine-
ness of flour is said to be greatest when the bran has not been
too much subdivided, so that it may be more readily separated
by bolting. This takes place when the grinding has been per-
formed more by the action of the particles upon each other,
than by the grit of the stone. For this sort of grinding, the
buhrstone is peculiarly suited.

Color Mill—The various coloring substances used by paint-
ers, when they are not soluble in oil or water, require to be
reduced to an impalpable powder by grinding. This is com-
monly performed upon a smooth stone slab, by trituration with
another stone, called a suller. 'When the grinding is perform-
ed by machinery, a large muller of the shape of a pear, having
a groove cut in it for theadmission of the paint, is made to revolve
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in a mortar, the bottom of which is of a corresponding shape.
In some color mills a horizontal stone cylinder revolves in
contact with another stone, which is concave, and covers a part
of its convex surface. In most cases, the substance to be ground
is mixed with oil or water.  As some of the substances used for
pigments are of a poisonous character, they should be ground
in close cavities, or under water.

MODES OF UNION.

Insertion.—The mechanical modes of attaching bodies to
each other, usually consist in the insertion of their parts
among each other, or in the application of other substances
specially adapted for the purpose of connexion. Insertion is
performed hy various modes, the principal of which are, 1.
Mortising, in which the projecting extremity of one timber is
received into a perforation in another. 2. Scarfing and inter-
locking, in which the ends of pieces overlay each other, and
are indented together, so as to resist longitudinal strain by ex-
tension, as in tie beams, and ends of hoops. 3. Tongueing
and rabating, in which the edges of boards are wholly, or
partly, received by channelsin each other. 4. Dovetailing,
when the parts are connected by wedge-shaped indentations,
which permit them to be separated only in one direction. 5.
Linking, where the ends of flexible rods are bent over each
other. 6. Folding, when the edges of flexible plates are con-
nected in a similar manner. © 7. To these may be added the
combinations of flexible fibres, by tying, twisting, weaving,
&c., in which the permanency of the union depends upon
friction.

Interposition.—~When two substances are mechanically
united by the intervention of a third, the latter, from its smaller
size, should be made of the strongest material. Nails are a
common connecting medium in wooden structures. The sta-
bility of a nail depends upon its friction, or adhesion, and is
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increased by its roughness, the smallness of the angle made by
its sides, and the elasticity of the material into which it is
driven.

When the foree tending to produce separation is great, nails
* do not afford an adequate security. In such cases, it is com-
mon to employ screws, which are inserted by the force of tor-
sion and cannot be withdrawn by that of extension, while the
material is sound. Where great strength is required, bolts of
metal are used, which pass through the substances to be con-
nected, and are secured at their smaller extremity by a nut and
screw, or by a transverse key. [Rivets are short bolts, the
two ends of which are headed, or spread by hammering, after
they are inserted.

Binding.—In some caseg the materials to be connected are
not perforated, but surrounded by the conneeting substance.
Hoops and bands of metal, wood, and flexible fibres, are used
for this purpose. In cases where it is applicable, binding or-
dinarily aflords the strongest mode of connexion, but is attend-
ed with the greatest expenditure of the connecting material.

Locking —For the temporary connexion of parts, which
require to be often repeated, latches, bolis, hooks, buttons, and
locks are employed.  Of these, the lock is the only one whose
structure is at all complicated.  T'he principle upon which locks
depend, is the application of a lever to an interior bolt, by
means of a communication from without. The lever iz the
key, and the bolt receives from it a progressive motion in either
direction. 'I'he security of a lock depends upon the number
of obstacles which can be interposed between the movement of
the bolt, and the action of any instrument, exeept the proper
key. 'The wards of locks are impediments of this kind, and
to enable the key to pass them, certain portions of its substance
are cut away. Various complicated and difficult locks have
been constructed by Messrs Bramah, Taylor, Spears, and
others. In a very ingenious lock invented by Mr Perkins,
twentysix small blocks of metal, of different sizes, are introduced,
corresponding to the letters of the alphabet. Out of these
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an indefinite number of combinations may be made. The
person locking the door, selects and places the blocks neces-
sary to spell a particular word known only to himself, and no
other person, even if in possession of the key, can open the
door, without a knowledge of the same word,

Cementing.—Cements are, for the most part, soft or semi-
fluid substances, which have the property of becoming hard in
time, and cohering with other bodies to which they have heen
applied. A variety of these substances are used for uniting
different materials. The compounds of lime and sand, which
constitute the ordinary building cements, have heen considered
in Chapter Fitst.  For uniting pieces of marble, plaster of Par-
is, dried by heat, and mixed with water, or with resin and wax,
is employed. A cement for iron is made by mixing sulphur
and muriate of ammonia with a large quantity of iron chip-
pings. Thisis used for the joints of iron pipes, and the flanges of
steam engines. Turners, and some other mechanics, confine
the material on which they are working, by a cement compo-
sed of brick-dust and rosin, or pitch. The cement used by
glaziers, under the name of putty, is a mixture of linseed oil
and powdered chalk. China ware is cemented by common
paint, made of white lead and oil, or by resinous substances,
such as mastic and shell lae, or by isinglass dissolved in proof
spirit or water.  Bookbinders, and paper hangers, em ploy paste,
made by boiling flour, and a similar but more elegant article
under the name of rice glue, is prepared by boiling ground
rice in soft water to the consistence of a thin jelly. Wafers
are made of flour, isinglass, yeast, and white of eges, dried in
thin strata upon tin plates, and cut by a cireular instrument,
The color is given by red lead, and other pigments, Sealing
waz is composed of shell lac and rosin, and is commonly col-
ored with vermillion.

Glueing. —For uniting wood and similar porous substances,
common glue takes precedence of all other cements. It is dis-
solved by heating it with water, and is applied with a brush to
hm.h the surfaces to be united. Glue does m:n‘.' adhere 0 readi-
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ly, if the surfaces be in the least oily, or if a coating of old glue
is previously upon them, or, indeed, if the pores are filled with
any foreign substance. The cementing power of glue depends
upon the strength which it possesses when dry, and the hold
which it obtains upon the wood, by penetrating its pores. Tt
does not furnish a sufficient bond cf union for surfaces which
are not porous; as those of metals ; and it is not durable when
exposed to the action of water.

Welding —Certain metals, such as iron and platinum,
which are exceedingly difficult of fusion, are capable of being
united by the process of welding. 'This consists in hammer-
ing them together while they are at a very high temperature.
Bar iron cannot be welded without raising it to a heat of near-
ly 60 degrees of Wedgewood’s pyrometer. Cast steel would
be melted at this temperature, and therefore in welding iron to
steel, the steel is raised only to a common white heat. Care
is taken to prevent the surfaces which are to be welded from
being oxidized too much, or else to detach the scales when
the metal is brought to a welding heat. T'he union of welded
pieces probably depends on an incipient fusion of their surfaces.
When properly conducted, the metal is supposed to be as strong
in the welded part as in any other,

Solderinge.—The process of soldering consists in uniting to-
gether parts of the same, or of different metals, by the inter-
* vention of a metallic substance employed in a state of fusion.
It is necessary that the uniting substance should melt sooner
than the substance to be soldered, that it should adhere firmly
to its surface, and, as far as practicable, approach to the' metal sol-
dered, in hardness and color. Iron is usually soldered with
brass, and hence the process is commonly called brazing.
An alloy of tin and iron is sometimes used instead of brass for
the same purpose. Copper may be united either by a hard
solder made of brass and zine, or a soft solder composed of zine
and lead. 'Tin is soldered with pewter made of tin and lead,
with sometimes a portion of bismuth. Gold and silver are
united with solders made of gold or silver, alloyed with copper
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or brass.  Platinum is soldered with gold. The adhesion of
solders depends upon an alloy being formed between the sur-
faces in contact.

As the oxidation of the surface of metals tends to prevent
the adhesion of the solder, it is common to unite with the sol-
der some additional substance, which may obviate this diffi-
culty. 1In soldering copper, brass, iron, &ec., it is common to
employ borax, a salt which fuses at the time when the metals
would be most Jiable to oxidate, and by enveloping the metal-
lic surface, prevents the farther action of the oxygen of the at-
mosphere. Potash, soda, tartar, and various salts are used for
the same purpose. Muriate of ammonia has a remarkable
effect in freeing the surfaces of metals from oxygen, which it
does, apparently, by combining with the metallic oxide, and
carrying it ofl' as it sublimes. 1In soldering the more fusible
metals, as tin and lead, a carbonaceous substance is employed,
such as rosin, or oil, which tends to cover the surface, and also
to reduce the oxide to its metallic state, as fast as it is formed,

Casting.—The process of fusion, or melting, affords in
many substances, the most eflectual method both of destroying
the cohesion of their particles, and of afterwards restoring it
under new arrangements.  Many substances, both simple and
compound, such as metals, glass, wax, &e., may become liquid
and again solid, without essentially changing their physical
gualities.  On the other hand, many natural bodies, crystal-
lized minerals, and organic combinations, cannot be fused with-
out changing their characteristic properties. Some substances
are with difliculty fusible when alone, but become more fusible
when combined with another substance, as is the case of sand
with an alkali, or iron with carbon. Others again have their
fusibility lessened by combination, as happens in metals when
they become oxidized.

Fluzes—The name of fluzes has been given to certain sub-
stances which assist fusion, either by expediting the process, or
by protecting the substance melted from alteration. In sepa-
rating metals from their ores, fluxes are employed to render the
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substances with which the metal is combined, capable of fu-
sion. Thus if the ore abound with siliceous earth or stone,
an alkaline flux, such as potash, soda, or tartar, has the effect
of combining with the siliceous substances, and forming with
them avitreous compound, which floats upon the top of the melt-
ed metal. Tartar also contains a portion of vegetable matter,
the carbon and hydrogen of which serve to deoxidize, the met-
al. Borax, common salt, and many other saline bodies, when
melted, prevent the oxidation of metals, by protecting their sur-
face from the atmosphere. Muriate of ammonia, rosin, fatty sub-
stances, powdered charcoal, &ec., prevent or remove oxidation,
by combining either with the oxygen, or with the oxide when
formed.

Moulds.—The moulds used for casting melted bodies must
be suited to the temperature at which the body melts. For
metals which melt at a high heat, as copper, brass, cast-iron,
&ec., the moulds are made of some refractory substance, such
as loam, sand, pounded brick with plaster, or clay, &c. Glass
is cast in moulds made of copper, but these require to be fre-
quently cooled. 'Those bodies which melt at temperatures be-
low that of ignition, as tin, lead, wax, &ec., may be cast in
moulds of any convenient metal, or of wood, and other inflam-
mable materials,

The forms of some bodies may be changed, and their sepa-
ration or union effected, without the agency of fusion, in vari-
ous ways. It may be done by mixture with water, as in clay
and plaster; by solution in water, as in glue, rice, and gum ;
and by sublimation, as in camphor, and muriate of ammo-
nia.

Youwra's Lectures on Natural Philosophy ;—Greeony's Mechanies;—
Nicnorson’s Operative Mechanie, Bvo.;—Grax’s Operative Chemist,
8vo, 1823 ;—REes’ Cyclopedia, and Brewster’s Edinburgh Eneyelo-
pedia, under various heads,



CHAPTER XYV.
ARTS OF COMBINING FLEXIBLE FIBRES,

Theary of Twisting.—The strength of cordage, which is
employed in uniting bodies, and the utility of flexible textures,
which serve for furniture or for elothing, depend principally
upon the friction or lateral adhesion, produced by the twisting
and intermixture of their constituent fibres,

A twisted cord is not =o strong as the fibres which compose
it, supposing the fibres and cord to be of the same length. The
object of twisting is to connect successive numbers of short
fibres in such a manner, that, besides the mutual pressure
which their own elasticity causes them to exert, any addition-
al force applied in the direction of the length of the aggregate,
may tend to bring their parts into closer contact, and augment
their adhesion to each other. The simple art of tying a knot,
and the more complicated processes of spinning, rope making,
weaving, and felting, derive most of their utility from this prin-
ciple.

By considering the effect of a force which is counteracted
by other forces acting obliquely, it will be seen that the opera-
tion of twisting has a useful effect in binding the parts of a
rope or thread together, and also that it has an inconvenience
in causing the strength of the fibres to act with a mechanical
disadvantage. The greater is the obliquity of the fibres, the
greater will be their adhesion to each other, but the greater al-
g0 will be their immediate strain or tension, when a force acts
upon them in the direction of the whole cord. From this it
follows that after employing as much obliquity and as much
tension as is sufficient to connect the fibres firmly together, all
that is superfluously added tends to weaken the cord, by over-
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powering the primitive cohesion of the fibres in the direction of
their length.

The mechanism of simple spinning is easily understood.
Care is taken, where the hand is employed, to intermix the
fibres sufficiently, and to engage their extremities as much as
possible in the centre ; for it is obvious, that if any fibre were
wholly external to the rest, it could not be retained in the yarn.
In general, however, the materials are previously in such a
state of intermixture, as to render this precaution unneces-
sary.

Rope Maling.—A single thread of yarn, consisting of fi-
bres twisted together, has a tendency to untwist itself, the ex-
ternal parts being strained by extension, and the internal parts
by compression ; so that the elasticity of all the parts resists, and
tends to restore the thread to its natural state,  But if two such
threads similarly twisted, are retained in contact at a given
point of the cireumference of each, this point is rendered sta-
tionary by the opposition of the equal forces acting in contrary
directions, and becomes the centre, round which both threads
are carried by the forces which remain ; so that they continue
to twist round each other, till the new combination causes a
tension, capable of counterbalancing the remaining tension of
the original threads. "Three, four, or more threads, may be uni-
ted nearly in the same manner. A strand, as it is called by
rope-makers, consist of a considerable number of yarns thus
twisted together, generally from sixteen to twentyfive ; a hal-
ser consists of three strands, shroud of four, and a cable of
three halsers or shrouds. Shroud laid cordage has the disad-
vantage of being hollow in the centre, or else of requiring a
great change of form in the strands to fill up the vacuity ; so
that in undergoing this change, the cordage stretches, and is
unequally strained. The relative position and the compara-
tive tension of all the fibres in these complicated combinations
are not very easily determined by calculation ; but it is found
by experience to be most advantageous for the strength of ropes,
to twist the strands, when they are to be compounded, in such
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a direction as to untwist the yarns of which they are formed ;
that is, to increase the twist of the strands themselves; and
probably the greatest strength is obtained when the ultimate
obliquity of the constituent fibres is least, and the most equa-
ble.*

A very strong rope may also be made by twisting five or six
strands round a seventh, as an axis. In this case, the central
strand, or heart, is found after much use to be chafed to cakum,
Such ropes are, however, considered unfit for rigging, or for
any use in which they are liable to be frequently bent.

Ropes are most commonly made of hemp, but various other
vegetables are occasionally employed. 'The Chinese even use
woody fibres ; and the barks of trees furnish cordage to other
nations. In spinning the yarn, in the process of rope making,
the hemp is fastened round the waist of the workman; one
end of it is attached to a wheel turned by an assistant, and the
spinner, walking backwards, draws out the fibres with his
hands. When one length of the walk has been spun, it is
immediately reeled to prevent its untwisting, The machines
employed in continuing the process of rope making, are mostly
of simple eonstruction, but both skill and attention are required
in applying them =o as to produce an equable texture in every
part of the rope.  The tendency of two strands to twist, in con-
sequence of the tenzion arising from the original twist of the
yarns, is not sufficient to produce an equilibrium, because of the
friction and rigidity to be overcome. Hence it is necessary to
employ force to assist this tendency, and the strands or ropes
will afterwards retain spontaneously the form which has thus
been given them. The largest ropes even reguire external
force in order to make them twist at all.

The constituent ropes of a common cable, when separate,
are stronger than the cable, in the proportion of about four to
three ; and a rope worked up from yarns 180 yards in length,
to 135 yards, has been found to be stronger than when reduced

* Young's Natural Philosophy, vol. i. Lect. xvi.
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to 120 yards, in the ratio of six to five. The difference is
owing partly to the obliquity of the fibres, and partly to the
unequal tension produced by twisting.*

COTTON MANUFACTURE,

When the fibres of cotton, wool, or flax, are intended to be
woven, they are reduced to fine threads of uniform size, by
the well known process of spinning. Previously to the mid-
dle of the last century, this process was performed by hand,
with the aid of the common spinning wheel. Locks of cotton
or wool, previously carded, were attached to a rapidly revolv-
ing spindle driven by a large wheel. and were stretched or
drawn out by the hand, at the same time that they were twist-
ed by the spindle, upon which they were aflerwards wound.
Flax, the fibres of which are longer and more parallel, was
loosely wound upon a distaff, from which the fibres were se-
lected and drawn out by the thumb and finger, and at the
same time were twisted by flyers and wound upon a bobbin,
which revolved with a velocity somewhat less than that of the
flyers.

The manufacture of flexible stuffs by means of machinery,
operating on a large scale, is an invention of the last century.
Although of recent date, it has given birth to some of the most
elaborate and wonderful combinations of mechanism, and al-
ready constitutes, especially in England and in this country,
an important source of national wealth and prosperity.

Elementary Inventions—The character of the machinery
which has been applied to the manufacture of cotton at differ- .
ent times, has been various. There are, however, several
leading inventions, upon which most of the essential processes
are founded, and which have given to their authors a greater
share of celebrity than the rest. 'Theseare, 1. The spinning

* Young's Natural Philosophy, vol. i. Leet. xvi.
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seeds, at the plantation, by the operation of ginning, described
on page 34, is compressed into bags for exportation, and ar-
rives at the factory in a dense and matted mass. The first
operation to which it is submitted has for its object to disentan-
gle the fibres, and restore the cotton to a light, open, and uni-
form state. For this purpose, after being weighed out, it is
submitted to the operation of a machine called a picker, or of
another denominated a batter. In some of these machines it
is subjected to the action of a series of pins, in others to a sort
of blunt knives, revolving with great rapidity; the effect of
which is to beat up and separate the fibres, to disengage their
unequal adhesions, and to reduce the whole to a very light,
uniform, flocculent mass.

Carding.—The cotton next passes to the carding machines,
of which, when there are two, the first is called the breaker,
and the second the finisher. In this operation the cotton is
carried over the surface of a revolving cylinder which is cov-
ered with card teeth of wire, and which passes in contact with
an arch, or part of a concave cylinder, similarly covered with
teeth. From this cylinder itis taken off' by another, called the
doffing cylinder, which revolves in an opposite direction ; and
from this it is again removed by the rapid vibrating movement
of a transverse comb, otherwise called the doffing plate, moved
by eranks. It then existsin the state of a flat, uniform fleece,
or lap, which, after passing the breaker, undergoes the process
of plying, or doubling, by causing it to perform a certain
number of revolutions upon a cylinder, or a perpetual cloth.
It is then carded a second time, by the finisher, and the fleece,
after being taken off' from this machine, is drawn by rollers
through a hollow cone, or trampet mouth, which contracts it
to a narrow band or sliver, and leaves it coiled upina tin can,
ready for the next operation. The process of carding serves
to equalize the substance of the cotton, and to lay its fibres
somewhat in a more parallel direction.

Drawing.—The slivers of cotton are next elongated by the
process of drawing. This operation is the ground work or
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principle of Arkwright’s invention, and is used in the roving
and spinning as well as in the drawing frame. It isan
imitation of what is done by the finger and thumb in spinning
by hand, and is performed by means of two pairs of rollers.
"T'he upper roller of the first pair is covered with leather, which,
being an elastic substance, is pressed by means of a spring or
weight. The lower roller, made of metal, is fluted in order to
keep a firm hold of the fibres of cotton.  Another similar pair
of rollers are placed near those which have been described.
The second pair, moving with a greater velocity, pull out the
fibres of cotton from the first pair of rollers. If the surface
of the last pair move at twice or thrice the velocity of the first
pair, the cotton will be drawn twice or thrice finer than it was
before. 'This relative velocity is called the drawghi of the ma-
‘chine. This mechanism being understood, it will be easy to
conceive the nature of the operation of the drawing frame.
Several of the narrow ribbands or slivers from the cards,
(sometimes termed card ends) by being passed through a sys-
tem of rollers, are thereby reduced in size. By ineans of a
detached single pair of rollers, the several reduced ribbands
are plied or united into one sliver.

The operations of drawing and plying serve to equalize still
farther the body of cotton, and to bring its fibres more inio a
longitudinal direction. These slivers are again combined and
drawn out, so that one sliver of the finished drawing contains
many plies of card ends. Hitherto the cotton has acquired no
twist, but is received into moveable tin cans or canisters, sim-
ilar to those used for receiving the cotton from the cards.

Roving.—The operation of roving communicates the first
twist to the cotton. It is performed by a machine called the
roving frame, or double speeder. "The tin cans containing
the slivers of cotton, are placed upon this machine, and are
made to revolve slowly about their axes so as to produce a slight
degree of twisting. The slivers then pass again through seve-
ral pairs of rollers moving with different speeds, and are thus
still further attenuated by drawing. They are then slightly
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spun by the revolution of flyers, and are wound upon the bob-
bins of the spindles, in the form of a loose, soft, imperfect thread,
denominated the rovinge.

The mechanism of the double speeder is complicated and
interesting, and great ingenuity has been displayed in overcom-
ing the difficulties of its construction. In order that the yarn,
or roving, may be wound upon the bobbins in even cylindrical
layers, it is necessary that the spindle rail, or herizontal bar
which supports the spindles, should continnally rise and fall
with a slow, alternate motion.  This is effected by heart wheels,
or cams, in the interior of the machine. Again, since the col-
lective size of the bobbin is augmented by the addition of each
layer of roving, it i obvious that if the axis of the bebbin re-
volved always with the same veloeity, the thread of roving
would be broken in consequence of being wound up too fast.
To prevent this accident, the velocity of the spindles, and like-
wise the motion of the spindle rail, is obliged gradually to di-
minish from the beginning to the end of an operation. This
diminution of speed is effected by transmitting the motion hoth
to the spindle rail, and to the bobbins, through two opposite
cones, one of which drives the other with a band, the band
being made to pass slowly from one end to the other of the
cones; and thus continually to alter their relative speed, and
cause a uniform retardation of the velocity of the moving parts.*
As the roving is not strong enough to hear any violence, the
spindles which support the bobbins are geared to each other,
so as to prevent any deviation from the proper velocity,

A more simple form of the roving frame has been invented,t
in which the gearing is dispensed with, as well as the pair of
cones which regulates the motion of the bobbins.  In this ma-
chine the bobbins are not turned by the rotation of their axis,
but by friction applied to their surface by small wooden eylin-
ders which revolve in contact with them. In this way the ve-

* Instead of band cones, an ingenious mode of using geared cones, now in-
troduced in several American factories, has already been described, page 239,
t By Mr Danforth, of Massachusetts,
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and which is analogous to that which is performed with earded
cotton upon a common spinning wheel.  In this operation, por-
tions of yarn, several yards long, are forcibly stretched in the
direction of their length. It differs, therefore, from the opera-
tion of drawing, in which a few inches only are extended ata
time. The stretching is performed with a view to elongate
and reduce those places in the yarn, which have a greater di-
ameter and are less twisted than the other parts, so that the
size and twist of the thread may become uniform throughout.
To effect the process of stretching, the spindles are mounted
upon a carriage, which is moved back and forwards across the
floor, receding when the threads are to be stretched, and re-
turning when they ave to be wound up. The yarn produced
by mule spinning is more perfect than any other, and is em-
ployed in the fabrication of the finest articles. The sewing
thread spun by mules is a combination of two, four, or six con-
stituent threads, or plies. Threads have been produced of such
fineness, that a pound of cotton has been calculated to reach
167 miles.

Warping.—The first step preparatory to weaving is to form
a warp, which consists of parallel threads continued through
the whole length of the intended piece, and sufficient in number
to constitute its breadth. It was formerly the practice to attach
the threads to as many pins, and to draw them out to the re-
quired length. But as this method required too much room, a
warping machine was subsequently used, in which the mass of
threads intended to constitute a warp, was wound in a spiral
course upon a large revolving frame, which rose and fell so as
to produce the spiral distribution.

These methods are now superseded in this couniry by
Moody’s warping machine,* an ingenious piece of mechanism,
in which a number of bobbins, equal to one eighth part of the

* Mr Paul Moody, formerly of Waltham, and now of Lowell, is the inventor
of this machine ; likewise of the spinning frame, which winds the woof in con-
jcal layers; and of great improvements in the roving frame, the dressing frame,
dee.
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number of threads in the intended warp, are arranged upon
the surface of a concave frame. 'The threads pass through a
reed which separates the alternate threads as they are to be
kept in the loom ; after which they are wound upon a beam,
with rods interposed at the end to preserve the separation.
But the most interesting part of the mechanism is a contrivance
for stopping the machine if a single thread of the warp breaks.
to effect this object, a small steel weight, or flattened wire, is
suspended by a hook from each thread, so that it falls if the
thread is broken. Beneath the row of weights, a cylinder re-
volves, furnished with several projecting ledges extending its
whole length parallel to the axis. When one of the weights
falls by the breaking of its thread, it intercepts one of the ledges,
and causes the cylinder to exert its force upon an elbow, or
toggle joint, which disengages a clutch, and stops the machine.
After the thread is tied, and the weight raised, the machine
proceeds.

Dressing.—As the threads which constitute the warp are
liable to much friction in the process of weaving, they are sub-
Jected to an operation ealled dressing, the object of which is to
increase their strength and smoothness, by agglutinating their
fibres together. 'To this end they are pressed between rollers
impregnated with mucilage made of starch, or some gelatinous
material, and immediately afterwards brought in contact with
brushes, which pass repeatedly over them so as to lay down the
fibres in one direction, and remove the superfluous mucilage
from them. They are then dried by a series of revolving fans,
or by steam cylinders, and are ready for the loom.

Weaving.—Woven textures derive their strength from the
same force of lateral adhesion which retains the twisted fibres
of each thread in their situations. T'he manner in which these
textures are formed, i1s readily understood. On inspecting a
piece of plain eloth, it is found to consist of two distinct sets
of threads running perpendicularly to each other. Of these,
the longitudinal threads constitute the warp, while the trans-
verse threads are called the woof, weft, or filling, and consist
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section of a piece of plain cloth, in which the woof passes al-
ternately over and under every thread of the warp. In Flig. 2
Fig. 2.

- ~O ~0 = I, @
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is a piece of twilled cloth, in which the thread of the woof
passes alternately over four, and under one, of the threads of
the warp, and performs the reverse in its return. To produce
this effect, a number of leaves of heddles are required, equal
to the number of threads contained in the interval between
each intersection, inclusive. By the separate movements of
these, the warp is placed in the requisite position before each
stroke of the shuttle. A loom invented in this country, by Mr
Batchelder, of Lowell, has been applied to the weaving of twilled
goods by water power.

Thwilled fabrics are thicker than plain ones, when of the
same fineness, and more flexible when of the same thickness.
They are also more susceptible of ornamental variations.
Jeans, dimoties, serges, &c., are specimens of this kind of
texture.

Double Weaving.—In this species of weaving, the fabric
is composed of two webs, each of which cousists of a separate
warp and a separate woof.  "T'he two, however, are interwoven
at intervals, so as to produce various figures. The junction of
the two webs is formed by passing them at intervals through
each other, so that each particular part of both is sometimes
above, and sometimes below. It follows, that when different
colors are employed, as in carpeting, the figure is the same on
both sides, but the color is reversed. A section of double cloth
is shown in Fig. 3.

46
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complicated machine, called a draw loom, in which the weaver,
aided by an assistant, or by machinery, has the command of
each particular thread by its number. He works by a pattern,
in which the figure before him is traced in squares, agreeably
to which the threads to be moved are selected and raised, be-
fore each insertion of the woof, Kidderminster carpets, and
Marseilles quilts, are specimens of this mode of weaving.

Cross Weaving.—This method is used to produce the
lightest fabrics, such as gauze, netting, catzut, &c. In the
kinds of weaving which have been previously described, the
threads of the warp always remain parallel to each other, or
without crossing. But in gauze weaving, the two threads of
warp which pass between the same splits of the reed, are cross-
ed over each other, and partially twisted like a cord, at every
stroke of the loom. They are, however, twisted to the right
and left, alternately, and each shot, or insertion of the woof]
preserves the twist which the warp has received. A great va-
riety of fanciful textures are produced by variations of the
same general plan. Fig. 4 represents the cross weaving used
In common gauze.

Fig. 4.
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Lace.—Lace is a complicated, ornamental fabric, formed of
fine threads of linen, cotton, or silk. It consists of a net work of
small meshes, the most common form of which is hexagonal.
In perfect thread lace, four sides of the hexagon consist of
threads which are twisted, while in the remaining two, they are
simply crossed. Lace has been commonly made upon a cush-
ion or pillow, by the slow labor of artists. A piece of stiff
parchment is stretched upon the cushion, having holes pricked
through it, in which pins areinseried. The threads previously
wound upon small bobbins, are woven round the pins and
twisted in various ways, by the hands, so as to form the required
pattern. The expensiveness of the different kinds of lace is
proportionate to the tediousness of the operation. Some of
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the more simple fabrics are executed with rapidity, while oth-
ers, in which the sides of the meshes are plaited, as in the
Brussels lace, and that made at Valenciennes, are difficult, and
bear a much greater price.

The cheaper kinds of lace have long been made by ma-
chinery ; and recently the invention of Mr Heathcoat’s lace
machine has effected the fabrication of the more difficult or
twisted lace, with precision and despateh. This machine is
exceedingly complicated and ingenious, and is now in operation
in this couniry and in France, as well as in England.

Carpeting.—Carpets are thick textures composed wholly
or partly of wool, and wrought by several dissimilar methods.
The simplest mode is that used in weaving the Venefian car-
pets, which is a plain texture, composed of a striped woollen
warp, on a thick woof of linen thread. Kidderminster car-
peting is composed by two woollen webs, which intersect each
other in such a manner as to produce definite figures. DBrus-
sels carpeting has a basis composed of a warp and woof of
strong linen thread. But to every two threads of linen in the
warp, there is added a parcel of about ten threads of woollen
of different colors. The linen thread never appears on the up-
per surface, but parts of the woollen threads are from time to
time drawn up in loops, =0 as to constituie ornamental figures,
the proper color being each time selected from the parcel to which
it belongs. A sufficient number of these loops is raised to pro-
duce a uniform surface, as seen in Flig. 5, and to render them

Fig. b, i
equal, each row passes over a wire, which is subsequently with-
drawn. Insome cases, the loops are cut through with the end
of the wire, which is sharpened for the purpose, so as to cut off
the threads as it passes out. In forming the figure, the weav-
er is guided by a pattern, which is drawn in squares upon a
poper.  Turkey carpets appear to be fabricated upon the same
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general principles as the Brussels, except that the texture is all
woollen, and the loops larger and always cut.

Tapestry—The name of tapestry is given to certain deli-
cate and complicated fabrics, in which the forms and cclors of
natural objects are produced with such accuracy, as to resem-
ble fine paintings. The mode of texture used to produce this ef-
fect, is in many respects analogous to that by which the finer
carpetings are made. The minuteness, however, of the con-
stituent parts, causes the sight of the texture to be lost in the
general effect of the piece. The fabrication of tapestry is slow,
intricate, and very expensive. The most celebrated manufac-
tory is that established by the family of Gobelins, and kept up
by their succeszors, at Paris.

Velvets.—The fine, soft knap, by which velvet is covered,
ig produced by a method not unlike that which is used in car-
peting and tapestry. It is formed of a part of the threads of
the warp, which the workman puts in loops on a long chan-
nelled wire. Before the wire is withdrawn, the row of loops
1s cut open by a sharp steel instrument, which is drawn along
the channel of the wire. Various other fabrics of silk, cotton,
and wool, such as thicksets, plushes, corduroys, velveteens, &c.,
are cut in a similar manner.

Cotton counterpanes are woven with two shuttles, one con-
taining a much coarser woof than the other. The coarser of
the threads is picked up at intervals, with an iron pin, which
is hooked at the point, thus forming knobs which are made to
constitute regular figures,

In cotton fabrics, the web, when taken from the loom, is cov-
ered with an irregular knap, or down, formed by the project-
ing ends of the fibres. This is removed in the finest articles,
by burning it off, the heat being so managed as not to injure
the texture of the cloth. The operation is performed by draw-
ing the web very rapidly over an iron cylinder, which is kept
constantly red hot, by a fire within it. The velocity of the
cloth prevents it from burning, while the loose filaments, which



ARTS OF COMBINING FLEXIBLE FIBRES. 365

constitute the knap, aresinged off. The flame of coal gas has
of late been applied to the same purpose.

Linens.—This name belongs to fabrics which are manufac-
tured from flax, but those made of hemp are similar in their
properties, except in fineness. The length and comparative
rigidity of the fibres of flax, present difficulties in the way of
spinning it by the machinery which is used for cotton and wool.
It cannot be prepared by carding, as these other substances
are, and the rollers are capable of drawing it but very imper-
fectly. 'The subject of spinning flax by machinery, has attract-
ed much attention, and the emperor Napoleon at one time of-
fered a reward of a million of francs to the inventor of the best
machine for this purpose. Various individuals, both in this
country and in Europe, have succeeded in constructing ma-
chines which spin coarse threads of linen very well, and with
great rapidity.  But the manufacture of fine threads, such as
those used for cambries and lace, continues to be performed by
hand upon the ancient spinning wheel.

WOOLLENE.

The fibres of wool, being contorted and elastie, are drawn
out and spun by machinery in some respects similar to that
used for cotton, but differing in various particulars. Indepen-
dently of the quality of fineness, there are two sorts of wool
which afford the basis of different fabrics, ‘the long wool and
the short. Long wool is that in which the fibres are rendered
parallel by the process of combing. Tt is also known by the
name of worsted, and is the material of which camlets, bom-
bazines, &c. are made. Short wool is prepared by carding,
like cotton, and is used, in different degrees of fineness, for
broadeloths, flannels, and a multitude of other fabrics. This
wool, when carded, is formed into small eylindrical rolls, which
are joined together, and stretched and spun, by a slubbing or
roving machine, and a jenmy or mule, in hoth of which the
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spindles are mounted on a carriage, which passes backwards
and forwards, so as to stretch the material, at the same time
that it is twisted. On account of the roughness of the fibres,
it is necessary to cover them with oil or grease, to enable them
to move freely upon each other during the spinning and weav-
ing. After the cloth is woven, the oily matter is removed by
scouring, in order to restore the roughness to the fibres prepa-
ratory to the subsequent operation of fulling.

In articles which are made of long wool, the texture is com-
plete when the stuff issues from the loom. The pieces are
subsequently dyed, and a gloss is communicated to them by
pressing them between heated metallic surfaces. Butin cloths
made of short wool, the weaving cannot be said to have com-
pleted the texture. When the web is taken from the loom, it
is too loose and open, and consequently requires to be submitted
to another operation, called fulling. 'This is performed by a
fulling mill, in which the eloth iz immersed in water, and sub-
jected to repeated compressions by the action of large beaters,
formed of wood, which repeatedly change the position of the
cloth, and cause the fibres to felt and comhine more closely
together. By this process the cloth is reduced in its dimen-
siong, and the beauty and stability of the texture are greatly
improved. The tendency to become thickened by fulling, is
peculiar to wool and hair, and does not exist in the fibres of
cotton or flax. It depends on a certain roughness of these an-
imal fibres, which permits motion in one direction, while it re-
tards it in another. It thus promotes entanglements of the fi-
bres, which serve to shorten and thicken the woven fabric.
Before the cloth is gent to the fulling mill, it is necessary to
cleanse it from all the unctuous matter, which was applied to
prepare the fibres for spinning.

The knap, or downy surface of broadcloths, is raised by a
process, which, while it improves the beauty, tends somewhat
to diminish the strength of the texture. It is produced by
carding the cloth with a species of burts, the fruit of the com-
ron teazle, ( Dipsacus fullonuan ) which is cultivated for the



ARTS OF COMBINING FLEXIBLE FIBRES. 36T

purpose. This operation extricates a part of the fibres, and
lays them in a parallel direction. The knap, composed of these
fibres, is then cut off to an even surface, by the process of shear-
tng. 'This is performed in various ways, but in one of the
maost common methods a large spiral blade revolves rapidly in
contact with another blade, while the cloth is siretched over a
bed, or support, just near enough for the projecting filaments to
be cut off at a uniform length, while the main texture remains
uninjured.

FELTING.

The texture of modern hats, which are made of fur and
wool, depends upon the process of felting, which is similar to
that of fulling already described. The fibres of these sub-
stances are rough in one direction only, a circumstance which
may be perceived by passing a hair through the fingers in op-
posite directions. 'This roughness allows the fibres to glide
among each other, so that when the mass is agitated, the ante-
rior extremities slide forward in advance of the body or poste-
rior half of the hair, and serve to entangle and contract the
whole mass together. 'The materials commonly used for hat
making, are the furs of the beaver, seal, rabbit, and other ani-
mals, and the wool of sheep. The furs of most animals are
mixed with a longer kind of thin hair, which is obliged to be
first pulled out, after which the fur is cut off with a knife.
The materials to be felted are intimately mixed together by the
operation of bowing, which depends on the vibrations of an
elastic string ; the rapid alternations of its motion being pecu-
liarly well adapted to remove all irregular knots and adhesions
among the fibres, and to dispose them in a very light and uni-
form arrangement. This texture, when pressed under cloths
and leather, readily unites into a mass of some firmness. This
mass is dipped into a liquor containing a little sulphuric acid,
and when intended to form a hat, it is first moulded into a large
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er, the bleaching process be carried too far, it injures the tex-
ture of the paper by corroding and weakening the fibres.

The pulp composed of the fibrous particles mixed with wa-
ter is transferred to a large vat, and is ready to be made into
paper. The workman ig provided with a smeuld, which is a
square frame with a fine wire bottom, resembling a sieve, of
the size of the intended sheet. 'With this mould he dips upa
portion of the thin pulp, and holds it in a horizontal direction.
The water runs out through the interstices of the wires, and
leaves a coating of fibrous particles, in the form of a sheet,
upon the bottom of the mould. The sheets thus formed are
subjected to pressure, first between felts or woollen cloths, and
afterwards alone. "T'hey are then sized, by dipping them in a
thin solution of gelatin, or glue, obtained from the shreds and
parings of animal skins. "The use of the size is to increase
the strength of the paper, and by filling its interstices, to pre-
vent the ink from spreading among the fibres, by capillary at-
traction. In blofting paper the usual sizing is omitted.

The paper, after being dried, is pressed, examined, selected
and made into quires and reams. Hot pressed paper is ren-
dered glossy by pressing it between hot plates of polished metal.

Paper is also manufactured by machinery, and one of the
most ingenious methods is that invented by the Messrs Four-
drinier. In this arrangement, instead of moulds, the pulp is
received in a continual stream, upon the surface of an endless
web of brass wire, which extends round two revolving cylin-
ders, and is kept in continual motion forwards, at the same
time that it has a tremulous or vibrating motion. The pulp is
thus made to form a long, continual sheet, which is wiped off
from the wire web, by a revolving cylinder covered with flan-
nel, and afier being compressed between other cylinders is final-
ly wound into a coil, upon a reel prepared for the purpose.

Another machine for making paper consists of a horizontal
revolving cylinder of wire web, which is immersed in the vat
to the depth of more than half its diameter. The water pene-
trates into this cylinder, being strained through the wire web,

A7






CHAPTER XVI.
ARTS OF HOROLOGY,

Horovocy, or the art of measuring time, has received the
attention, and exercised the ingenuity of mankind from the
earliest periods. The lapse of thought and the routine of or-
dinary occupation, afford but imperfect indications of the real
passage of time ; and the only exact standard by which periods
of duration can be estimated, is that of governed and regular
motion.

Sun Dial.—The diurnal movement of the earth with rela-
tion to the heavenly bodies, is the most perfect standard of ad-
measurement for large periods of time. It is the only one by
which the brute creation and the uncivilized part of mankind
govern their habits of life. This motion has been converted
to practical use, for measuring small periods, by the employ-
ment of the sun dial, an invention apparently of great antiqui-
ty, in which the falling of a shadow on a surface opposite to
the sun, indicates the hour of the day. The sun dial was
known to the ancient Egyptians, Chinese, and Bramins, and
was used by the latter for astronomical purposes. It appears
also to have been known to the Jews in the time of Ahaz,
about 740 years before Christ. The first sun dial at Rome
was set up by Papirius Cursor, about 300 years before Christ,
previously to which time, Pliny tells us, there is no mention
of any account of time, but by the sun’s rising and setting.

At Athens, there is now standing an octagonal building
erected by Andronicus Cyrrhestes, and commonly called the
Tower of the winds. It is shownin PL IV, Fig.13. Upon
each of the eight sides of this building, is a flying figure, carv-
ed in relief, representing the particular wind which blew
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against that side. Upon each side was also placed a vertical
sun dial ; the gnomon or index, which cast the shadow, pro-
jecting from the side, while the lines indicating the hour, were
cut upon the wall. On the top, according to Vitruvius, was
the figure of a Triton, which turned with the wind in the
same manner as a modern weathercock. The lines of the
dial upon the wall are distinctly extant at the present day ; and
although the gnomons have disappeared, the places where
they were inserted are still visible.

Clepsydra.—Since the sun dial could be used only in the
day time, and in clear weather, a different instrument was in-
vented by the ancients, to be used within doors, at all times ;
and to this was given the name of clepsydra. The clepsydra
was formed by a vessel of water, having a minute perforation
in the bottom, through which the water issued drop by drop.
It fell into another vessel, in which a light body floated, hav-
ing attached to it an index or graduated scale. As the water
increased in the receiving vessel, the floating body rose, and
by its regularly increasing height furnished an approximation
to the correct indication of time.*

The original clepsydra was but a rude instrument, and
must have given imperfect indications of the true divisions of
time. When the vessel was first filled, the drops must have
fallen faster, owing to the greater height and pressure of the
fluid ; and in proportion as it became empty, the dropping
would be slower, in consequence of the diminution of this
pressure. The disadvantage, however, was remedied in vari-
ous ways by the employment of two vessels, one of which was
kept constantly full by a supply from the other, and thus the
water being always at the same height, furnished its drops
under an equable pressure.

* This instrument was invented in Egypt, but was brought into Rome from
Athens. Pompey, while consul, intraduced it into the Roman Senate House,
and the orators were obliged to limit the length of their speeches by its divis-
ions of time, so that Pompey is designated by one of the historians, as the first
Roman who put bridles upon eloquence.
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Water Clock—~—An instrument called a water clock, was in
use at a much later date, and was a subject of extensive man-
ufacture in some parts of Europe, a few centuries ago. Sev-
eral modes of constructing this instrument were devised, but
the following is one of the most ingenious. A tight hollow
eylinder, Pl. X, Fig. 4, is suspended by cords wound round its
axis, which will unwind as it runs down. It has its interior
divided into several compartments, situated like the buckets of
a water wheel. These compartments communicate with each
other by a minute aperture, through which water can pass slow-
ly from one compartment to another. Before the machine is
put in motion, a small quantity of water is introduced into the
lower compartments.  As the cylinder descends by the unwind-
ing of the cords, it is obliged to revolve on its axis, until the
lower compartments which contain the water, have risen so far
on the ascending side as to produce an equilibrium. It can
then unwind no faster than the water escapes from one com-
partment to another, through the minute apertures. As this
requires a considerable time, the cylinder may occupy a day,
if required, in descending from the top to the bottom of the
frame to which it is attached. And if the sides of the frame
be marked with the hours of the day, the axis of the cylinder,
as it passes by them, will indicate the time of the day with as
much accuracy as so imperfect a machine permits.

Clock Work.—In modern days, all other methods of meas-
uring time have given place to the equable motion produced
by the action of machinery on the pendulum and balance.
Timekeepers constructed on this principle, began to be known
in Europe about the 14th century, but were formed in a rude
and imperfect manner, until the middle of the 17th. Since
that period, the learning of philosophers and the ingenuity of
artists have been extensively applied to their improvement, and
few subjects connected with the mechanic arts, have called
forth more inventive acuteness, elaborate experiment, and exact
caleulation.

Before proceeding to a description of the entire mechanism
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of a clock or watch, it will be useful to attend to some of the
general principles and essential parts of a timekeeper. These
will be most easily made intelligible by directing the attention
to the following subjects. 1. The maintaining power. 2.
The regulating movement. 3. The method of connexion.

Maintaining Power.—The force which is employed to sus-
tain the motions of timekeepers, does not require to be of a
powerful kind. It must, however, be steady and uniform in
its action. Gravity and elasticity, applied through the medi-
um of weights and springs, are the only means now employed
to communicate motion to these machines. In clocks, the
maintaining force is usually derived from a weight. A weight
acts with perfect uniformity from the beginning to the end of
its descent, provided the line which suspends it is of equal size
throughout, and that this line is wound upon a true and perfect
cylinder. In portable timekeepers, the weight, for obvious
reasons, cannot be employed, and the spring, although a less
perfect and equable power, is obliged to be substituted.  From
the oldest clocks which remain, it appears that the spring was
in use before the weight, and one of the first ever made is still
preserved at Brussels, in which the spring is an old sword
blade, from which a picce of catgut is wound upon the cylinder
of the first wheel. The principal difficulty in the use of the
spring, is, that its action is unequal, and that the more it is
hent, the greater foree it exerts to return to its natural situation.
The spring of a watch, as it is now used, is a long plate of
steel coiled up into a spiral form. From the outside of this
proceeds a chain, which is attached, not to a cylinder, as is
done with the weight, but to aspiral roller called a fusee, which,
by its conical form, gives to the spring an increased mechanical
advantage, in proportion as its power diminishes. The fusee
has already been described, page 240.

In some of the watches which are now made, the fusee and
the chain are dispensed with. 'The barrel which incloses the
spring, has a toothed eircle on its outside, which turns round as
the spring unwinds, and gives motion to the machinery. But
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in this case, the spring is made larger than common, and only
the middle part of its action i= used, it being never wound up
so far as to call forth its greatest strength, nor suffered to run
down so far as to be materially weakened.

Regulating Movement,—In the mechanism of clocks and
walches, it is necessary so far to retard the movement of the
maintaining force, i. e. of the weight or spring, that it may be
hours and days in expending itself, and that the timekeeper
may require to be wound up only at distant and convenient
periods. This is in part effected by the successive combination
of wheels and pinions, the last of which turns round many
hundred times, while the first turns round once.  But if a time-
keeper possessed only wheels and pinions, it would run down
with a rapidly accelerated motion in the course of a few sec-
onds. It becomes, therefore, necessary to connect with it an-
other motion, which cannot be accelerated beyond a certain
degree, by any given force. This motion is obtained in clocks
from the pendulum, and in watches from the balance ; and it
is the one which it was proposed to consider as the second head,
under the name of the regulating movement.

Pendulum.—A pendulum is a weight capable of vibrating
about a point from which it is suspended. If the curve in
which the pendulum moves be a circular arc, it is necessary
that the length of the vibrations should be exactly equal ; other-
wise the pendulum will not keep true time. But if the curve
be a cycloidal one, the pendulum will move back and forward
in equal times, whatever be the length of its vibrations. In
practice, it is found difficult to make a pendulum move in a
cycloidal path without too much friction. 1t is therefore cus-
tomary in clocks to use pendulums moving in circular ares,
these arcs being made to approximate to cycloids, by being as
short as possible.

Pendulums, when set in motion, would continue to vibrate
forever, were it not for the retarding effect of friction and the
resistance of the atmosphere. The former of these is partly
obviated by hanging the pendulum upon a thin spring, and the
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latter by forming it with a sharp edge. Still a considerable
force is requisite to sustain the motion, and this force in clocks
is derived from the weight.

That pendulums may vibrate in equal periods, and thus
furnish a correct measure jof time, it is necessary (hat they
should always be of uniform length; for pendulums of different
lengths differ in their vibrations as the square roots of their
lengths. Now such is the effect of heat in expanding all known
substances, particularly metals, that the same pendulum is al-
ways longer in summer than it is in winter, and sufficiently
so, to aflect the correctness of the timepiece to which it is at-
tached. To remedy this difficulty, various ingenious contri-
vances have been resorted to, the most common of which are
combinations of metals, so connected as to expand in opposite
directions, counterbalancing each other, so as to keep the cen-
tre of oscillation in one place. This is sometimes eflected in
the gridiron pendulum, by combining bars, or rods, of steel
and brass; and in the mercurial pendulum, by inclosing a
quantity of quicksilver in a tube, near the bottom of the pen-
dulum.

Balance.~—As the pendulum depends upon the force of
gravity for its motions, it obviously cannot be employed for
watches, or portable timekeepers, which are liable to change
their position. A substitute is found n the balance, which is
commonly a wheel moving on an axis,and which, when thrown
backward and forward, by opposite applications of the moving
force, performs its vibrations in equal times. 'The balance is
liable to the same irregularities from expansion and contraction,
as the pendulum, and is corrected in a similar manner; and
watches go best, when they are kept in the uniform heat of
the body.

The quantity of matter accumulated in the balance wheel
of a common watch, is so extremely small, that it seems im-
possible that it should exert a perfect regulating power. The
want of weight, however, is in some measure made up by
causing it to perform large vibrations, and to move with great
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posite side. Before it can em the cylinder iz obliged to
turn in the opposite direction, and thus a vibrating movement
is kept up in the cylinder and balance.

A multitude of other scapements, have also been introduced
by different artists, varying from each other in the complication
of their structure, and accuracy of their movements. But
these must necessarily be omitted. The operation of the sim-
pler forms already described, will be more intelligible taken in
connexion with the wheel work next to be noticed.

Description of & Clock.—InPl. X, several views are given of
the mechanism of a clock, consisting of the going part, which
moves constantly and carries the hands; am.l the striking
part, which announces the hour. Fig. 1, Pl X, is an eleva-
tion of the clock with the wheels seen edgewise, showing the
going part; the striking movements being omitted in this figure,
to avoid confusion. Fig. 2 is a front view of the wheel work of
both going and striking parts; and Fig. 3 is the dial work or
mechanism immediately under the dial, or face of the clock,
and is that part which puts the striking train in motion every
hour. A clock of this kind contains two independent trains of
wheel worl, each with its separate first mover. One is con-
stantly going, to indicate time by the hands on the dial plate;
the other is put in motion once in an hour, and strikes a bell to
tell the hour at a distance. The part marked a, in Figures 1
and 2, is the barrel of the going part ; it has a catgut band, b,
wound round it, suspending the weight which keeps the clock
in motion. The part marked 96, is a wheel, called the first or
great wheel, of ninetysix teeth upon the end of a barrel, turning
a pinion 8, of eight leaves, on an arbor,” which carries the
minute hand; also 64 is a wheel of 64 teeth, on the same
arbor, called the centre wheel, turning the wheel 60 by a pin-

* The torms arbor, shaft, axle, and azis, are synonymously used by mechan-
ics, to express the bar, or rod, which passes through the centre of a wheel. The
terminations of a horizontal arbor are called gudgeons, and of an upright one,
frequently, pivots. The term axis in a more exact sense may mean merely
the longest central diameter, or a diameter about which motion takes place.
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ion of eight leaves on its arbor. This last wheel gives motion
to the pinion of eight, on the arbor of the swing wheel 30,
which has 30 teeth. 'The parts d A, are the pallets of the
scapement fixed on an arbor ¢, Fig. 1st, going through the back
plate of the clock’s frame, and carrying a long lever f. This
lever has a small pin projecting from its lower end, going into
an oblong hole made in the rod B of the pendulum.

The pendulum consists of an inflexible metallic rod, sus-
pended by a very slender picce of steel spring D, from a brass
bar E, serewed to the frame of the clock, having a weight at its
lower end not seen in the figure ; in the present case 393 inches
from the suspension .  "When this pendulum is moved from
the perpendicular line, in either direction, and suffered to fall
back again, it swings nearly as much beyond the perpendicular
on the contrary side, and then returns. This it will continue
to do for some time, and each of these vibrations will be per-
formed in one second of time, when the pendulum is of the
above length. This is the measurer of the time ; and the office
of the clock is only to indicate the number of vibrations it has
made, and to give it a small impulse each time to keep it go-
ing, as the resistance of the air and elasticity of the spring D,
would otherwise in a short time cause it to stop. By the ac-
tion of the weight applied to the cord b, which is called the
maintaining power, the wheels are all turned round ; and if
the pallets ¢ and % were removed, the swing wheel 30 would
revolve with great velocity in the direction from 30 to d, until
the weight reached the gronnd.  "T'he teeth-of these pallets are
g0 placed, that one of them always engages the wheel and pre-
vents it from turning more than half a tooth at a time. In the
figure, the pallet d has the nearest tooth of the wheel resting
on it, and the pendulum is on the side % of the perpendicular.
When it returns, it moves the pallet ¢, so as to allow the tooth
of the wheel to slip off'; but in the mean time the pallet / has
interposed its point in the way of the tooth next it, and stops
the wheel till the next vibration or second. The distance be-
tween the two pallets  and % is so adjusted, that only half a
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the clock, it remains to deseribe the mechanism by which the
hour is struck. In Fig. 2, 78 is a great wheel of 78 teeth,
provided with a barrel and click as in 96 ; it turns a pinion of
eight.  On the same arbor is a wheel 64, turning a pinion of
eight, on the arbor of the wheel o, of 48. This turns another
pinion of eight, and wheel p, of 48, which turns a pinion of
six, on the same arbor with a thin vane of metal, seen edge-
wise, which is called the flyy, and which, by the resistance of
the air to its motion, regulates the velocity of the wheels.

The wheel 64 has eight pins projecting from it, which raise
the tail n of the hammer, asthey revolve. The hammer is re-
turned violently when the pins leave its tail, by a spring m,
pressing on the end of a pin put through its arbor ; and strikes
the bell. 'The hammer and bell are behind the plate, and
therefore unseen. 'There is a short spring I, which the other
end of the pin through the arbor touches, just before the ham-
mer strikes the bell. Its use is to lift the hammer ofl’ the bell,
the instant it has struck, thatit may notstop the sound. The -
pins in the wheel 64, must pass by the hammer tail 78 times
in striking the twelve hours, 1424-3444-54-647484+94-10
114-12=78, and as its pinion has eight leaves, each leaf of the
pinion answers to a pin in the wheel 64. Now, as the great
wheel has 78 teeth, it will turn once in 12 hours, the same as
the other great wheel 96. In the wheel 64, eight of its teeth
correspond to one of the pins of the hammer, and as the pin-
ion of the wheel o has eight teeth, it (wheel o) will turn once
for each stroke of the hammer. By the remaining wheels,
one, o, multiplying six times, and the other, p, eighi times,
the fly will turn 6xS=48 times for one turn c-f o, which an-
swers to one stroke of the hammer.

Fig. 3 is also mechanism relating to the striking part.  Be-
hind 7 there is a small pinion of one tooth, called the gather-
mg pallet, on the arbor of the wheel o, which consequently
turns once for each stroke of the hammer. The part marked
S 2 is a portion of a large wheel, and is called the rack.
The part £ is an arm attached to the rack, whose end rests
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against a spiral plate, V, called the snail, which is fixed on
the tubular arbor before described, of the hour hand and wheel
72, and turns round with it once in 12 hours. The snail is
divided into 12 equal angles, of 30 degrees each, and as it
turns, each of these answers to an hour. The circular ares,
forming the circumference of the snail, are struck from the
centre of the arbor between each division, with a different ra-
dius, decreasing a certain quantity each time in the order of
the hours. The circular part of the rack, 14, is cut into teeth,
“each of which is of such a length, that every step upon the
snail shall answer to one of them. At w is a spring pressing
against the tail of the rack, and acting to throw the arm of
the rack against the snail. The part & isa click called the
hawk’s bill, taking into the teeth of the rack, and holding it
up in opposition to the spring w. The part ¢ & is a three-
armed detent, called the warning piece. The arm £ is bent
at its end, and passes through a hole in the front plate of the
clock, so as to catch a pin placed in one of the arms of the
wheel p, Fig. 2, and which describes the dotted cirele in Fig.
3. The other arm ¢ stands =0 as to fall in the way of a pin
in the wheel 40. In the present position of the figure, the
wheels of the striking train are in motion, and would continue
turning until the gathering pallet at 7, which turns once at
each stroke of the hammer, by its tooth lifts the rack s, in op-
position to the spring 2, one tooth each turn ; and the hawl’s
bill & retains the rack, until a pin in the end of the rackis
brought in the way of the lever of the gathering pallet r, and
stops the wheels from turning any farther. It is in this posi-
tion with the rack wound up, till its pin arrests the tail », that
we shall begin to describe the operation of the striking of the
clock.

The wheel 40, as has been said before, turns onece in an
hour, and consequently, at the expiration of every hour, the
pin in it takes the end 4, and moves it towards the spring near
it. This depresses the end £, until it falls in the circle of the
motion of the pin in the wheel p, Fig. 2. At the same time
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the short tail depresses one end of the hawk’s bill, and raises
the other &, so as to clear the teeth of the rack s. Immedi-
ately the spring w throws the rack back, until the end of its
tail ¢, touches that part of the snail which is nearest it. When
the rack fulls back, the pin in it is moved clear of the gather-
ing pallet r, and the wheels set at liberty. The maintaining
power puts them in motion ; but in a very short time before
the hammer has struck, the pin in the wheel p falls against
the end of k&, and stops the whole. This operation happens a
few minutes before the clock strikes, and this noise of the
wheels turning, is called the warning. When the hour is ex-
pired, the wheel 40 has turned so far, as to allow the end of ¢
to slip over its pin, as in the figure. The small spring pressing
against it raises the end Z, so as to be within the circle of the
pin in the wheel p, Fig. 2. Every obstacle is now removed,
and the wheels run on the pinion ; the wheel 64 raises the
hammer r, and it strikes on the bell; the gathering pallet r
takes up the rack, one tooth at each turn, the hawk’s bill g
retaining it, until the pin @ in the rack comes under the gath-
ering pallet 7, and stops the motion of the whole machine, til¥
the pin in the wheel 40 at the next hour takes the warning
piece i k, and repeats the operation we have now described.
As the gathering pallet turns once for each blow of the ham-
mer, and its tooth gathers up one tooth of the rack at each turn,
it is evident, that the number of teeth which the rack is al-
lowed to fall back, limits the number of strokes the hammer
will make. 'This is done by the rack’s tail ¢ resting on the
snail.  Each step of the snail answers to one tooth of the rack,
and one stroke of the hammer. At each hour, a fresh step of
the snail is turned to the tail of the rack, and by this means the
number of strokes is made to increase one at each time from
1to 12

Description of a Watch—In Pl. XI. several views are
given of the construction of a common portable watch. Fig. 1
represents the wheel work immediately beneath the dial plate,
and also its hands, the circles of hours and minutes being mark-
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ed, though the dial on which these are engraved is removed.
Fig. 2 is a plan of the wheel work all exhibited at one view,
for which purpose the upper plate of the watch is removed.
Fig. 3 is a plan of the balance, and the work situated upon
the upper plate. Fig. 4 shows the great wheel and the pot-
tance wheel detached. Fig. 5 the spring barrel, chain,
and fusee detached ; and Fig. 6 is an elevation of all the
movements together, the works being supposed to be opened
out into a straight line, to exhibit them all at once. Fig. 7
is a detached view of the balance, together with the scapement,
in action.

The principal frame for supporting the acting parts of the
watch, consist of two circular plates, marked C and D in the
figures. Of these the former is called the upper plate, and the
latter the pillar plate, frem the circumstance that the four pil-
lars, E E, which unite the two plates and keep them a proper
distance asunder, are fastened firmly into the lower plate ;
while the other ends pass through holts in the upper plate, C,
and have small pins put through the ends of the pillars, to keep
the whole together. By drawing out these ping, the watch
may be taken to pieces. The pivots of the several wheels be-
ing received in small holes made in these plates, they of course
fall to pieces as soon as the plates are separated.

The maintaining power is a spiral steel spring, which is coil-
ed up close by a tool used for the purpose, and put into a brass
box called the barrel. It is marked A in all the figures, and
is shown separate in Flig. 5, with the spring in it. 'The spring
has a hook at the outer end of its spiral, which is put through
a hole, a, Fig. 5, in the side of the barrel, and rivetted fast to
it. The inner end of the spiral has an oblong opening cut
through it, to receive a hook upon the barrel arbor, B, Fig. 5.
The pivots of this arbor pass through the top and bottom of the
barrel, and one of them is filled square to hold a ratchet wheel,
b, Figz. 1 and 6, which has a click, and keeps the arbor from
turning round, except in one direction. T'he two pivots of the
arbor are received in pivot holes in the plates C D of the watch,
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and the pivot which has the ratchet wheel upon it, passes
through the plate. The wheel marked &, Figs. 1 and 6, with
its click, is therefore on the outside of the pillar plate D of the
watch. The top of the barrel has a cover or lid fitted into i,
through which the upper pivot of the arbor projects ; thus the
arbor of the barrel is to be considered as a fixture, the click of
the ratchet wheel preventing it from turning round, while the
interior end of the spiral spring being hooked, assists in ren-
dering it stationary. The barrel thus mounted has a small
steel chain, d, Figs. 2 and 6, coiled round its circumference,
and attached to it by a small hook of the chain which enters
a little hole, made in the circumference of the barrel at its up-
per end. The other extremity of this chain is hooked to
the lower part of the fusee, marked F, Figs. 2, 5, and 6, and
the chain is disposed either upon the circumference of the bar-
rel, or in the spiral groove cut round the fusee for its reception,
the arbor of which has pivots at the ends, which are received
into pivot holes made in the plates of the watch.  One pivot
is formed square, and projects through the plate, to fit the key
by which the watch is wound up.

It is evident that when the fusee is turned by the wateh-key,
it will wind the chain off’ the circumference of the barrel on it-
self; and as the outer end of the spring is fastened to the bar-
rel, and the other is hooked to the barrel arbor, which as be-
fore mentioned, is prevented from turning by the click of the
ratchet wheel, @ b ; the spring will be coiled up into a smaller
compass than before. Its reaction, therefore, when the key is
taken off, will turn the barrel, and by the chain, turn the fu-
see and give motion to the wheels of the watch. The fusee
has a spiral groove cut round it, in which the chain lies ; this
groove is cut by an engine, in such a form that the chain shall
pull from the smallest part, or radius, of the fusee, when the
spring is quite wound up, and therefore acts with its greatest
force on the chain.  From this point the groove gradually in-
creases in diameter, so that as the spring unwinds and acts with
less power, the chain operates on a larger radius of the fusee;

49
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and the effect upon the arbor of the fusee, or the toothed wheel
attached to it, will always be equal, and cause the watch to go
with regularity.

To prevent too much chain being wound upon the fusee,
and by that means breaking the chain or overstraining the
spring, a contrivance called a guard-gut isadded. Itis a small
lever, e, Fig. 2, moving on a stud fixed to the upper plate C
of the watch, and pressed downwards by a small spring, f.  As
the chain is wound up upon the fusee, it rises in the spiral groove,
and lifts up the lever until it touches the upper plate. Itis
then in a position to intercept the edge or tooth, g, of the spi-
ral piece of metal seen on the top of the fusee, and thus stops
it from being wound up any further.

The power of the spring is transmitted to the balance by
means of several toothed wheels, which multiply the number
of revolutions which the chain makes on the fusee, to such a
number, that though the last or balance wheel turns 9% times
every minute, the fusee will at the same time turn so slowly,
that the chain will not be drawn off from it in less than 28 or
30 hours, and it will make only one turn in four hours. This
assemblage of wheels is called the ¢rain of the watch. The
first toothed wheel, G, is attached to the fusee, and is called
the great wheel. It is shown separated from the fusee, in Fig.
4, having a hole through the centre to receive the arbor of the
fusee, and a projecting ring upon its surface. The under sur-
face of the base of the fusee is shown in Fig. 5, at F, having
a circular cavity cut in it to receive the corresponding ring up-
on the great wheel G, Fig. 4. A ratchet wheel, 4, is fixed
fast upon the fusee arbor, and sunk within the cavity excava-
ted in the lower surface of the fusee. When the wheel
and fusee are put together, a small click, A, Fig. 4, takes into
the teeth of the ratchet i. As the fusee is turned by the watch-
key to wind up the watch, this click slips over the sloping
slides of the teeth without turning the great wheel; but when
the fusee is turned the other way by drawing the chain from
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the spring barrel, the click caiches the teeth of the ratchet
wheel, and causes the toothed wheel to turn with the fusee,

The great wheel, G, has 48 teeth on its circumference,
which take into and turn a pinion of 12 teeth, fixed on the
same arbor with the

Centre wheel, H, so called from iis situation in the centre of
the watch ; it has 54 teeth to turn a pinion of six leaves, on
the arbor of the

Third wheel, 1, which has 48 teeth. It is sunk in a cavi-
ty formed in the pillar plate, and turns a pinion of six, on the
arbor of the

Contrate wheel, K, which has 48 teeth cut parallel with its
axis, by which it turns a pinion of six leaves, fixed to

The balance wheel, 1. One of the pivots of the arbor of
this wheel turns in a frame, M, called the pottance or potence,
fixed to the upper plate, and shown separately in Fig. 4. The
other pivot runs in a small piece fixed to the upper part, called
the counter pottance, not shown in any of the figures; so that
when the two plates are put together, the balance wheel pinion
may work into the teeth of the contrate wheel, as shown in
Fig. 6. The balance wheel, I, has 15 teeth, by which it im-
pels the balance o p. The arbor of the balance, which is call-
ed the verge, has two small leaves or pallets projecting from
it, nearly at right angles to each other. These are acted up-
on by the teeth of the balance wheel, L, in such a manner,
that at every vibration the balance receives a slight impulse to
continue its motion, and every vibration'so made, saffers a
tooth of the wheel to escape or pass by, whence this part is call-
ed the scapement of the watch, and constitutes its most essen-
tal part. The wheel L is sometimes called the scape wheel,
or crown wheel. Its action is explained by Fig. 7, which
shows the wheel and balance detached.  Suppose in this
view, the pinion £, on the arbor of the balance wheel or crown
wheel, i &, to be actuated by the main spring which forms the
maintaining power, by means of the train of wheel-work, in
the direction of the arrow, while the pallets m and n, attached
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to the axis of the balance, and standing at richt angles to each
other, or very nearly so, are long enough to fall in the way of the
ends of the sloped teeth of the wheel when turned round at an
angle of 45 degrees, so as to point to opposite directions, as in
the figure. Then a tooth in the wheel below, for instance,
meets with the pallet n, supposed to be at rest, and drives it
before it a certain space, till the end of the tooth escapes. In
the mean time the balance, o s p r, attached to the axis of the
pallets, continues to move in the direction r 0 5 p, and winds
up the small spiral, or hair spring, ¢, one end of which is fast
to the axis, and the other to a stud on the upper plate of the
frame. In this operation, the spring opposes the momentum
given to the balance by this push of the tooth upon the pallet,
and prevents the balance going quite round ; but the instant
the tooth ezcapes, the upper pallet, 22, meets with another tooth
at the opposite side of the wheel’s diameter, moving in an op-
posite direction to that below. Here this pallet receives a push
which carries the balance back again, its momentum as yet
heing small in the direction o s p r, and aids the spring, which
now unhends itself till it comes to its quiescent position, then
swings beyond that point, partly by the impulse from the main-
taining power on the pallet s, and partly by the acquired mo-
mentum of the moving balance, particularly when this pallet
an. has escaped. At length the pallet # again meets with the
succeeding tooth, and is carried backward by it in the direction
in which the balance is now moving, till the maintaining pow-
er and force of the unwound spring together overcome the mo-
mentum of the balanece, during which time the recoil of the
halance wheel is apparent, and also of the seconds hand, if the
watch has one, its place being on the arbor of the contrate
wheel. Then the wheel brings the pallet 2 back again till it
escapes, and the same process lakes place with the pallet m as
has been described with respect to pallet . Thus two contra-
ry excursions or oscillations of the balance take place before
one tooth has completely escaped ; and for this reason there
must always be an odd number of teeth in this wheel, that a
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space on one side of the wheel may always be opposite to a
tooth on the other, in order that one pallet may be out of ac-
tion while the other is in action.

The upper pivot of the verge is supported in a cover screwed
to the upper plate, as shown at N, in Fig. 6, which extends
over the balance, and proteets it from violence. The lower pivot
works in the bottom of the pottance, M, at ¢, Fig. 4. The
socket for the pivot of the balance wheel, is made in a small
piece of brass, v, which slides in a groove made in the pottance,
as shown Fig. 4, so that by drawing the slide in or out, the
teeth of the balance wheel shall just clear one pallet before it
takes the other; and upon the perfection of this adjustment,
which is called the scaping of the watch, the performance of
it very greatly depends.

It now remains to show the communication of this motion
to the hands of the watch, which indicate the time on the dial
plate. The hands are moved by the central arbor, which
comes through the pillar plate and projects a considerable
length. It has a pinion of 12 leaves, called

The common pinion, w, Fig. 6, fitted upon it, the axis of
which is a tube formed square at the end, to fix on the minute
hand W. It fits ticht upon the projecting arbor of the centre
wheel, and therefore turns with it, but will slip round to set the
hands when the watch is wrong and requires to be rectified.
The common pinion is situated close to the pillar plate, and
its leaves engage the teeth of

The minute wheel, X, Figs. 1 and 6; of 48 teeth, which is
fitted on a pin fixed in the plate, and its pinion, z, of 16 leaves,
which is fixed to it, turns

The hour wheel, Y, of 48 teeth. The arbor of this is a
tube, which is put over the tube of the cannon pinion carrying
the minute hand, and has the hour hand, Z, fixed on it, to in-
dicate the time upon the dial plate. Thus, by the cannon
pinion, 2z, which is to the minute wheel, X, as one is to four,
and the pinion  of this, which is to the hour wheel, Y, as one
is to three, the hour wheel Y, and its hand =, though concentric
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with the cannon pinion and minute hand, make but one revo-
lution during 12 revolutions of the other ; therefore one turns
round in an hour, and the other turns round once in 12 hours,
as the fizures on the dial show.

It is necessary to have some regulation by which the rate
of the wateh’s movement may be adjusted, for hitherto we have
only spoken of making the watch keep always to a uniform or
certain rate of motion, but it is necessary to make it keep true
time. This can be done by two means, either by increasing
or diminishing the force of the main spring, which increases
or diminishes the arc which the balance describes ; or it may be
done by strengthening or weakening the hair spring, which
will cause the balance to move quicker or slower.

The hair spring, otherwise called the the pendulum spring,
¢, Fig. 3, is fixed to a stud, upon the plate ¢, by one end, and
is attached to the verge of the balance by the other.

The regulation is effected by means of what is called the
curb. 'This is a small lever, z, Fig. 3, projecting from a circu-
lar ring, 7 r, which may be considered as its centre of motion,
but perforated with a hole through the centre, large enough to
contain the hair spring withinit. A circular groove is turned
out in the upper plate, nearly concentric with the balance, and
the ring, r r, fits into this. Both are turned rather largest at
the bottom, in the manner of a dove-tail ; but the ring being
divided at the side opposite to the lever, z, can be sprung up and
rendered so much smaller as to get it into the groove, and, being
once in, the elasticity of the ring expands it, soas to fill the groove
completely. 1In this state it may be considered as a lever which
describes a circuit round the verge as a centre, and the end of
it points to a divided arc engraved on the upper plate, one end
of which is marked F', and the other S, denoting that the index
or lever, z, is to be moved towards one or the other, to make the
watch move faster or slower as its regulation requires,

The manner of its operation is thus; the end of the lever,
or index, z, continues within the circle a small distance towards
its centre, and passing beneath the outer turn of the spiral
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CHAPTER XVIL
ARTS OF METALLURGY.

Tue term metallurgy, in its most comprehensive sense, sig-
nifies the art of working metals in every different way. Ina
more precise and limited sense, it is confined to the separating
of metals from their ores, and aszaying them to asceitain their
value. In the present chapter, it is proposed to make use of
the term in its more general meaning, =o far, at least, as to
comprehend certain processes in the management and manu-
facture of metals, which are sufficiently interesting to merit
the attention of the general student.

Extraction of Metals.—DMetals are found in nature in vari-
ous states.  When uncombined, or when combined only with
each other, they are said to be in a native state. "When com-
bined with other substances, so that the metallic properties are
in some measure disguised, they are said to be mineralized, or
in the state of ore. The substance with which the metal is
combined, is termed its mineralizer. The most common states
of combination in which the metallic ores are found, are ox-
ides, combinations of oxides with carbonic, sulphurie, muriatic,
and phosphoric acids ; and sulphurets.  These ores oceur under
various forms, sometimes crystallized, and often destitute of
any regular figure. 'They are met with, generally, in veins,
penetrating the strata ; and in this case, are usually blended or
intermixed with various earthy fossils, as calcareous spar, fluor
spar, quartz, &c. The accompanying fossil is termed the
Zangue or malriz of the metal. Some metallic ores occur in
beds, or in large insulated masses.

"To separate the metal, after it is dug from the mine, the
mass is broken up and subjected to the operations of sorting,
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stamping, washing, roasting, smelting, and refining. Sorting
consists merely in the separation of the different pieces of ore
into lots, according to the products they are expected to afford,
and the treatment they are likely to require.  After the ore is
sorted, it is carried to the stamper, or stamping mill, which has
been described in a former chapter. The process of stamping,
breaks and pounds up the ore, together with its gangue, into
a coarse powder. From the stamping mill, the pounded ore
is conveyed to the washing, a process in which advantage is
taken of the difference of specific gravity. 'The operation of
washing is sometimes performed by hand, in wooden vessels,
or in troughs which cross a current of water; and sometimes,
if the ore is rich and valuable, upon inclined tables covered
with cloth.  In this process the heavier parts, consisting of the
metallic ore, sink first to the bottom, while the stony matter,
which is lighter than the ore, being longer in sinking, is
carried farther down the current, and thus separated from the
rest.

The next operation, which is that of roasting, is employed
to drive off the sulphur, arsenic, and other volatile parts which
the mineral may contain. It is performed ina variety of ways,
and by different processes, according to the nature of the ore,
and the degree of heat required. The roasting is sometimes
performed in the air, and sometimes in furnaces, among the
fuel.  Swmelting consists, in general, in fusing the roasted ore,
with a view to extract the metal, though the term is sometimes
applied to the melting of metal in any state, especially iron.
The immediate object of this process is to reduce the metal, or
to separate the oxygen with which the metal has either been
naturally combined, or has united during the operation of roast-
ing. 'This is done, by placing in a furnace alternate layers of
charcoal, or coke, and of the metallic matter; a strong heat is
then excited by bellows; the carbonaceous matter attracts the
oxygen, while the metal is reduced, melted, and run out at the
bottom of the furnace. The volatile metals are obtained by
sublimation or distillation. Even afier these operations, the
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the solution a solution of sulphate of iron, which, attracting the
oxygen, precipitates the gold in the metallic state.

Cementation.~The process of eementation is performed hy
beating the alloy into thin plates, and placing thesein alternate
layers, with a cement containing nitrate of potass, and sulphate
of iron. The whole is then exposed to heat, until a great part
of the alloying metals are removed by the action of the nitric
acid, which is liberated by the nitre. Cementation is some-
times employed by goldsmiths to refine the surface of articles
in which gold is alloyed with baser metals.

Alloy—There is a peculiar language established in com-
merce, and often referred to by writers, to denote the purity of
gold, or the degree of its alloy with other metals. The mass
is supposed to consist of 24 equal parts, these imaginary parts
being termed carats. 1f perfectly pure or unalloyed, it is said
to be gold 24 carats fine ; if alloyed with one part of any other
metal, or mixture of metals, it is said to be 23 carats fine. In
this way the proportion of alloy is expressed. The standard
gold coin of the United States and Great Britain, is 22 carats
fine, or contains one twelfth part of alloy.

Giold, when perfectly pure, is not so fit for coin, on account
of its softness, in consequence of which the impression is soon
obliterated, and it sustains loss from friction. Hence it is al-
ways alloyed, to give it hardness. "The metals that have been
used for this purpose, are silver or copper. Gold made stand-
ard by an alloy consisting of equal parts of silver and copper,
has a color approaching more to that of pure gold than any
other alloy. This color alsoremains uniform, while that with
copper, after a certain degree of wear, becomes unequal.”

» Mr Hatchet with Mr Cavendish, subjected the different alloys that have
been used as coin to friction, as similar as possible to that to which they
must be subjected in the course of circulation. The loss was by no means
considerable, and it appeared as the general result, that the present stand-

“ard of gold, or an alloy of one part in 12, is, all circumstances considered,
the best, or at least, as good as any that could be chosen. If the copper be
in larger proportions, more loss is sustained from friction. The same alloy
is employed in the fabrication of plats, and of trinkets, and lace, and, by
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Working.—Common goldsmiths’ work is performed by
casting in moulds, beating with hammers, and rolling between
polished steel rollers. Works that have raised or embossed
figures, are commonly cast in moulds and afterwards polished ;
or, they are struck in dies, cut for the purpose. Vessels, both
of gold and silver, are beat out from flat plates. When the
form is difficult, they are made of several plates and soldered
together. The solder used for this purposeis an alloy of gold
with silver, copper, or brass. Small ornamental works are
commonly executed by enchasing. 'TI'his process is performed
upon thin plates of gold, with a block and hammer. It consists
in driving in portions of the metal on one side in such a man-
ner that they stand in relief, forming the figures required on
the opposite side. Many small articles are also made from
gold wire, variously wrought and ornamented. .

Gold Beating.—The great utility of gilding in the arts, in
furnishing an incorraptible covering to various substances, has
given rise to an extensive consumption of gold leaf, which is
formed, by beating the metal o a state of extreme tenuity.
The gold is first forged into plates on an anvil, and then re-
duced, by passing it between polished steel rollers, till it be-
eomes a ribband as thin as paper. This ribband is divided
into small pieces, which are again beat upon an anvil till they
are about an inch square, afier which they are thoroughly an-
nealed.” Two ounces of gold make 150 of these squares.
All these squares are interlaid with leaves, first of vellum, and
afterwards of gold beater's skin, a thin membranous substance,
obtained from the intestines of animals. The whole is then
beaten with a heavy hammer till the gold is extended to the
same size as the pieces of skin. The gold leaves are then

other additions, varions shades of eolor are obtained. Its alloy with a fifth
of silver, forms the green gold ofthe jewellers, and the addition of iron
gives a blue tint.

* The process of annealing is applied fo metals and some other substan-
ces to diminish their brittleness, or increase their flexibility and ductility.
It is performed by heating the substance, and suffering it to cool in a very
gradual manner.
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Giold Wire—~The common gold or gilt wire, is in reality
silver wire covered with gold. In making it, a silver rod is
enclosed in thick leaves of gold. It is then drawn successive-
ly through conical holes of different sizes, made in plates of
steel, in a manner similar to that pursued in making iron wire.
The wire may thus be reduced to an extreme degree of fine-
ness, the gold being drawn out with the silver, and constituting
a perfect coating to the wire. When it is intended to be used
in forming gold thread, the wire is flattened by passing it be-
tween rollers of polished steel. The coating of gold remains
unbroken, though so far reduced by these processes as not to
occupy the millionth part of an inch in thickness. The gold
thread commonly used in embroidery, consists of threads of
yellow silk, covered by flattened gilt wire, closely wound upon
them by machinery.

EILVER.

FEztraction.—Silver is in general extracted without much
difficulty. 'When native, it is separated from the earthy matter
by washing, and amalgamation with mercury ; the latter being
separated again by distillation. When alloyed with antimony,
or arsenic, or when mineralized, the ore is roasted to expel these
metals, with the sulphur, or other volatile principles; and the
residual maiter is fused with lead, and refined by cupeliation,
in a manner similar to that described under the head of gold ;
the alloy of lead and silver being exposed to heat on the hearth
of the refining furnace, the lead being oxidized along with the
foreign metals, the oxidizement and vitrification of which it
promotes, and the vitrified oxide being in part absorbed, and
in part driven off by the blast of the bellows. The appearance

from the acid beneath. To gild the steel, it is merely necessary to dip it, the
surface being previously well polished and eleaned, i the etherial solution,
for an instant; and on withdrawing it, to wash it instaiitly by agitation in wa-
ter. By this method steel instruments are very commonly gilt,
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of a vivid incandescence, or brightening, denotes when the
silver has become sufficiently pure. It retains a little gold in
combination, but this does not alter its qualities, and the
quantity is se!dom such, as to render its separation, by the op-
eration of parting, an object of importance.

If the ore which is wrought contain only a small portion of
silver, the previous operation of eliquation is sometimes per-
formed on it. This consists in adding a certain portion of lead
to the metallic maiter which remains after roasting and fusing
the ore. This alloy is then exposed to a degree of heat just
sufficient to melt the lead, which runs out, and from its affinity
to the silver, carries it along with it, leaving the copper, or
other metals with which the silver had been combined. The
alloy of silver and lead is then subjected to the usual refining
process.

Working —Silver is cast into bars, or ingots, and afierwards
wrought by hammering and rolling.  The bars are beaten up-
on anvils, being heated from time to time to render them more
ductile. The hammering is conducted while the heat is below
redness,  They are then passed between polished steel rollers,
until they are reduced to plates of a suitable thickness. 'To
form utensils of different kinds, these plates are hammered in
moulds till they acquire the proper shape. Vessels are often
made in pieces, which are afierwards united by soldering. The
solder used for silver, consists of an alloy of silver with more
than an equal part of copper or brass. Figures which are
raised upon the silver, are produced by hammering the metal
upon steel dies, in which the figure is cut, or by passing it
through engraved rollers. Silver is polished by burnishing -
it with steel instruments, or with hard polished stones; and
by rubbing it with the oxide of iron called colcothar, in fine
powder.

Silver, in the arts, is usually alloyed with a little copper,
which increases its hardness, and renders it more sonorous with-
out debasing its color. The standard silver of the British
coins contains 18 pennyweights of copper in a pound Troy of
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silver ; and in the United States 1664 grains of silver contain
179 grains of copper.

Coining—The coining of silver, and other metals, was
originally performed by the hammer, in matrices, or dies, en-
graved for the purpose. At the present day, coins of every
description are more commonly amilled. In coining by the
mill, the bars, or ingots, of gold or silver, after having been cast,
are taken out of the moulds and their surfaces cleaned. They
are then flattened by rollers, and reduced to the proper thick-
ness to suit the species of money about to be coined. To ren-
der the plates more uniform, they are sometimes wire drawn,
by passing them throngh narrow holes in a steel plate. The
plates, whether of gold, silver, or copper, when reduced to their
proper thickness, are next cut out into round pieces called
blanks or planchets. This cutting is performed by a circular
steel punch of the size of the coin, which is driven downward
by a powerful screw, and passes through a corresponding cir-
cular hole, carrying before it the piece of metal which is
punched out. 'The pieces which are thus cut, are brought to
the standard weight, if necessary, by filing or rasping; and
the deficient pieces, together with the corners and pieces of the
plates left by the circles, are returned to the melter.

The milling, by which the inscription, or other impression,
is given to the edge of the coin, is performed by rolling the coin
edgewise, between two plates of steel, in the form of rulers,
each of which contains half of the engraved edging. One of
these plates is fixed, and the other is moveable by a rack and
pinion. T'he coin, being placed between them, is carried along
by the motion of the rack, till it has made half a revolution and
received the whole impression on its edge. The most impor-
tant part of the coining still remains to be done, and consists
in stamping both sides with the appropriate device, or figure
in relief.  For this purpose, the circular piece is placed between
two steel dies upon which the figures to be impressed are sunt,
or engraved in the manner of an infazlio. The two dies are
then forcibly pressed together, by the action of a powerful SCIewW,
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to which is attached a heavy transverse beam, which serves
the purpose of a fly, and concentrates the force at the moment
of the impression. The coin is now finished, and is thrown
out when the screw rises.

In the coining machinery erected by Boulton and Watt, and
introduced at the mint in England, the process is performed by
steam power, and both the edges and faces of the money are
coined at the same time.* By means of this machinery, eight
presses attended by boys, can strike 19,000 pieces of money in
an hour, and an exact register is kept by the machine of the
number of pieces struck.

For the coining of medals the process is nearly the same as
for that of money. The principal dillerence consists in this,
that money having but a small relief, receives its impressions
at a single stroke of the engine ; whereas in medals, the high
reliefl makes several strokes necessary ; for which purpose the
piece is taken out from between the dies, heated, and returned
again. This process for medallions is sometimes repeated as
many as a dozen or more times before the full impression is
given them. Some medallions, in a very high relievo, are
obliged to be cast in sand, and afterwards perfected by being
sent to the press.

Plating —The great value of silver, and the useful proper-
ty which it possesses of resisting oxidation, has given rise to the
art of plating, in which vessels and utensils of other metals,
but chiefly of copper, are covered with a thin coating of silver,
g0 as to protect them from the influence of the atmosphere.
Plating is sometimes executed by heating the articles which
are to be coated, and rubbing on them portions of leaf silver,
with a steel burnisher, till it adheres. But it is performed in a
better manner, by plating solid ingots of copper, and afterwards
working these into any shape desired. The ductility of the
coating of silver causes it to be extended, and drawn out with

* A particular account of this machinery is given in the London Mechanic's
Magazine, vol. iii.
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the copper, =o that the latter metal never appears at the surface.
The copper used in plating, is alloyed with a little brass. Great
care is taken in casting, to form the ingots sound, and free
from pores or flaws. The surface of the ingotis cleaned with
a file, and a thin plate of silver is applied to one, or to both
sides, according to the article to be manufactured. A saturated
solution of borax is then insinuated between the edges, the
object of which is to protect the copper from oxidation, which
would otherwise prevent the silver from adbering. The in-
got 1s then carried to the furnace, and exposed to heat until
the metals adhere to each other, Their adhesion is owing to
the formation of an alloy between the silver and copper,
which being fusible at a lower temperature than either of the
metals, acts as a solder to unite themn together. The ingot
is then rolled into sheets, by passing it repeatedly between iron
rollers, annealing it from time to time, as it becomes hard and
brittle. s

The plated sheets which are thus obtained, are formed into
articles of different kinds, by hammering them in moulds cor-
responding to the intended shape. When vessels are to be
made, they are formed in pieces of a convenient shape, and
these are soldered together with an alloy of silver, copper, and
brass. Mouldings, and other ornamental parts, are made by
hammering the metal in steel dies, or rolling it between steel
rollers, upon which the pattern is eut.  As the edges of plated
ware are most liable to be injured by wear, they are commeonly
protected by what are called silver edges.  These are formed
of a shell of silver, rolled out, or hammered in dies, and having
its inside filled up with a mixture of tin and lead. When fin-
ished, these edges are soldered to the vessel. The handles,
feet, and solid parts of vessels, are often made in the same
way. Plated baskets and other light articles are made from
copper cylinders covered with silver, and afterwards drawn in-
to wire. \

Plating on iron, as it is used for the buckles of harnesses and
other ornaments, is executed by first covering the iron with a
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coating of tin, and then applying closely to the surface a thin
plate of silver. The union i= effected by a moderate heat, suf-
ficient to melt the tin, and form an alloy ; and it is aided by
the use of a resinous flux.

COPPER.

Extraction—The various sulphurets of copper are the most
abundant of its ores, and of these the most so is copper pyrites.
The malachite, red copper ore, and others, are generally asso-
clated with these in small quantities. Copper mines are
wrought in many countries, but those of Sweden are said to
furnish the purest copper of commerce. The sulphurets are the
ores from which copper is usually extracted. The ore is roast-
ed by a low heat, in a furnace with which flues are connected,
in which the sulphur, that is volatilized, is collected. . The re-
maining ore is then smelted in contact with the fuel. The iron
present in the ore, not being so easily reduced, or fused, as the
copper, remains in the scoria, while the copper is run out. It
often requires repeated fusions, and even after these, it may be
still alloyed with portions of metals, which are not volatile,
and are of easy fusion. Hence the copper of commerce is never
altogether pure, but generally contains a little lead, and a small-
er portion of antimony.

The carbonates of copper reduced by fusion, in contact with
the fuel, afford a purer copper, as does also the solution of sul-
phate of copper which is met with in some mines, the copper
being precipitated in its metallic state, by immersing iron in
the solution. 'The precipitate which is thus formed, is after-
wards fused.

Working —Copper, being ductile and easily wrought, is ap-
plied to many useful purposes. It is formed into thin sheets
by being heated in a furnace, and subjected to pressure between
iron rollers.  "These sheets being both ductile and durable, are
applied to a variety of uses, such as the sheathing of the bot-
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toms of ships, the coverings of roofs and domes, the construct-
ing of boilers and stills of a large size, &c. Copper is also fab-
ricated into a variety of household utensils, the use of which,
however, for preparing or preserving articles of food, is by no
means free from danger, on account of the oxidizement, to
which copper is liable. It has been attempted to obviate this
danger, by finning the copper, or applying to its surface a
thin covering of tin. This method answers the purpose as
long as the coating of tin remains entire.

Copper may be forged into any shape, but will not bear
more than a red heat, and of course requires to be heated
often. The bottoms of large hoilers are frequently forged with
a large hammer worked by machinery. The bolts of copper
used for ships, and other purposes, are either made by the
hamumer, or cast into shapes and rolled.  The copper cylinders
used in calico printing, are either cast solid upon an iron axis,
or are cast hollow and fitted upon the axis. The whole is af-
terwards turned to render the surface true.

Brass—DBrass is an alloy of copper and zine. The pro-
portions of these two metals differ in almost every place in
which brass is manufactured, and the proportion of zine is
found in different specimens to vary from 12 to 25 parts in a
hundred. The alloy is commonly made from the ores of zine
mixed with copper, and with a sufficient quantity of charcoal
to reduce them to a metallic state. 'The volatility of the zine
gives it a tendency to escape in vapor, on which account the
combination is effected at a lower heat than that which would
be necessary to melt the copper. Several other alloys of the
same metals, are also known in the arts, differing in the pro-
portions of the ingredients ; such as pinchbeck, prince’s metal,
tombac, Bath metal, &c.

Manufacture—The value of brass in the arts, consists in
its bright color, in its being more fusible than copper, and in its
being more easily wrought with common tools, In the work-
ing of brass, the larger articles, as well as those of complicated
forms, are cast in moulds. When it is intended, for economy
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of the metal, that the article shall be hollow, as in the case of
andirons, &c., it is cast in halves, or pieces, which are after-
wards soldered together, and turned in a lathe, or otherwise
polished. Brass is also rolled into thin sheets, and drawn into
wire. A variety of figured and ornamental articles are made
by stamping it in dies or moulds. Brass knobs and similar
implements, if large, are made in pieces, and soldered. 'The
wheel work of time-pieces, and of other machinery which is
not subjected to great strain or wear, is usually made of brass.
The comparative softness of this alloy, permits it to be cut with
thin saws, and to be turned in a lathe, with much greater ease
than iron.

Buttons are either struck out of sheets of brass with a cir-
cular punch, driven by a fly press, or they are cast in large
numbers at once in a mould, or flask of sand. The eye, or
shanlk, of the button is made separately by a machine, and
goldered on, if the button has been cut out by the punch.
If the button is cast, the eye is previously placed in the mould,
so that its extremity is immersed in the centre of the melted
metal. If the button is to be plain, its surface is planished by
the stroke of a smooth die ; and if figured, it is stamped with
an engraved die. The edges are afterwards turned off in a
lathe. The gilding of brass buttons is performed by covering
them with amalgam of gold and mercury, from which the
mercury escapes when heated, and leaves the gold. White
metal buttons are made of an alloy of brass and tin, and sub-
sequently coated with tin. The brass eyes of pearl butlons
are inserted by drilling a conical hele, which is largest on the
inside, in the mother of pearl, or shell, of which the button is
made. The eye, having an extremity like a hollow cone, is
then driven in, till it spreads and fills the eavity.

Pins are made of brass wire cut into proper lengths. The
pieces are pointed by turning them with the fingers, upon
stones, or steel mills. "The heads are cut from a spiral coil of
wire, in pieces of a suitable length; and after being placed
upon the pins, are shaped and fastened by the stroke of an in-
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to vitrify the foreign matter, and thus facilitate the separation
of the melted metal. The proportions of these are extremely
various, according to the nature of the ore.  When the furnace
is once charged, the charge is renewed at the upper part as
fast as the materials sink, and the process is carried on for a
long time without interruption.  During this process, the oxy-
gen of the oxide of iron unites with one portion of the carbon,
and the metal with another, producing carbonic acid, and car-
buret of iron ; while the earthy substances, together with a
little oxide of iron, enter into combination, forming a vitreous
substance called slag or seoria, and which being lighter than
the metal, rises upon its surface. The slag is drawn off by
an opening, and the melted metal is collected in a cavity at
bottom, from which, as it accumulates, it is conveyed off at in-
tervals into moulds.

Crude Iron—The metal thus obtained, is named pig iron
and crude, or cast-iron. It is far from being pure, containing
always more or less oxygen and carbon; and often several
other heterogeneous ingredients, such as manganese, and the
metallic bases of lime, clay, and silex, with portions of unre-
duced ore and charcoal. 'The oxygen is partly a portion of
what was originally combined with the metal in the ore, and
partly, perhaps, derived from the blast of air, which is driven
through the furnace, and necessarily presented to the metal
in a state of fusion. Hence the qualities of cast-iron are very
various, according as one or other of the principles predomi-
nate. :

Iron in this state is readily capable of being fused, and cast
into moulds. It is, however, much more brittle than when
pure, and cannot be wrought, or flattened under the hamner,
Hence it is altogether unfit for many purposes, to which
pure, or malleable iron is, from its tenacity, and softness, well
adapted.

Casting.—Iron, as well as brass,and other metals which melt
at temperatures above ignition, is cast in moulds made of sand.
The kind of sand most employed is loam, which possesses a
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erally formed into long bars. A considerable loss of weight
attends the process from the dissipation of the foreign substan-
ces contained in the erude iron, and from the oxidation of the
surface of the metal. The operation is generally performed on
the varieties called white, or grey erude iron.

Forging.—Forging consists in changing the form of iron
and other malleable metals, by percussion applied to them,
while they are softened by heat. Iron when exposed to the
action of great heat, becomes highly malleable and ductile. It
is also capable of welding, at a sufficiently high temperature.
Most other metals have their malleability improved by a cer-
tain degree of heat, but become brittle if the heat is carried
near to their fusing point. The strength and quality of iron,
on the contrary, are improved by forging at a strong white
heat, since the parts become consolidated, and the flaws oblit-
erated, by hammering at a welding temperature.

The joint action of the heat and current of air, used in
forges, tends to oxidate rapidly the surface of iron. The oxide
which is formed has some tendeney to vitrification when com-
bined with siliceous matter. Hence it ig a common practice
among workmen, to immerse theiron in sand, when it is near
to a welding heat. A vitreous coating is by this means form-
ed, which protects the surface of the iron from further oxida-
tion. This coating would prevent the different pieces from
uniting by welding, were it not that its fluidity causes it to es-
cape, while under the action of the hammer.

The forging at the furnaces, of large masses of iron, called
bleoms, is performed by the aid of tilt hammers, as is also
that of anchors and various other massive implements and
parts of machines. Bars of iron are commonly rolled, and
when heavier articles, such as anchors, are to be made, a suffi-
cient number of bars for the purpose are welded together.

A tilt hammer of the kind used in iron works, is shown in
Pl IX. Fig. 2. A B is the hammer, which turns upon the
fulerum C. At D is a wheel or cylinder furnished with wi-
pers, a b e, &c. each of which, as it passes, strikes the end A



ARTS OF METALLURGY. 421

of the helve, and causes the hammer end B torize. The
hammer then descends with its own weight, and is accelerated
by the recoil of the end A, from the fixed obstacle E. The
wipers may be indefinitely varied in number and position, and
are sometimes applied on the other side of the fulerum. The
recoll likewise, is sometimes produced by a spring placed
over the end B of the hammer. "The motions of these en-
gines is extremely rapid, and is commonly regulated by a fly
wheel.

Rolling and Slitting.—Malleable iron iscommonly wrought

~into those shapes which have flat, parallel surfaces, by submit-
ing it to compression between rollers.  Bars, plates, and sheets
of iron are formedin this way. A pair of heavy cylindrical
rollers, made of iron, chill cast, and turned smooth, are con-
nected together by strong iron bearings, a space being left be-
tween them equal to the intended thickness of the metal which
is to be rolled. This distance is varied by adjusting it with
powerful screws.  The iron which is to be rolled, is prepared
by heating it red hot, and in this state it is presented to the
rollers.  As soon as any part has entered so as to fill the space
between the rollers, the friction, or adhesion, becomes sufficient
to draw in the remainder, in opposition to the force with which
the metal resists compression. The iron, in passing through, is
compressed into a uniform plate of equal thickness, and is at

* the same time extended in length, but is very little increased
in breadth. As the rollers usually move with considerable ve-
locity, the heated iron may be passed several times between
different pairs of rollers, before it cools. To prevent the rollers
from becoming heated, a continual stream of water is let fall
upon their surface.

As the principal extension, which plates receive, is in a
longitudinal direction, it is necessary to vary their position
when it is desired to increase their width. This is sometimes
done by passing them in an oblique direction, but in making
sheet iron and wide plates, it is necessary to pass the pieces
through the rollers in the direction of their breadth, as well as
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fowling-pieces are forged from bars of malleable iron. The
bar is first flattened by hammering, till it attains the requisite
width. It is then made into a tube by turning it over a man-
drel, or cylindrical rod, of a size which is smaller than that of
the intended bore. 'The edges are made to overlap each oth-
er about half an inch, and are firmly welded together. The
whole is then consolidated and strengthened, by hammering it
for some time in semicircular grooves on a swage, or anvil,
which is furrowed for the purpose. To render the barrel
smooth on the inside, and perfectly true, it is afterwards bored
out with an instrument somewhat larger than the mandrel;
and several such instruments of different sizes are employed in
succession. The breech of the barrel is closed by a strong
plug which is firmly screwed in at the extremity. The pro-
jecting parts of the barrel, such as the sight, and the loops
which confine it to the stocks, are soldered on. The construc-
tion of the lock, and other appendages, is readily understood
from inspection.

Steel.— When malleable iron is recombined with carbon in
a much smaller proportion, it forms steel. Different methods
are followed to form this combination. The product varies
according to the method pursued, and is also affected by the
introduction of other substances into the combination. The
best steel is made from Swedish and Russian iron.

The general method of forming steel, is by the process of
cementation. A furnace is constructed of a conical form, in
which are two large cases, or troughs, of fire brick, capable of
holding some tons of iron. Beneath these is a long grate, on
which the fuel is placed. On the bottom of the case is placed
a layer of charcoal dust ; over this a layer of bars of malleable
iron; over this, again, a layer of charcoal powder; and the
series of alternate layers of charcoal and iron, is thus raised
to a considerable height. The whole is covered with clay to
exclude the air ; and flues are carried through the pile from the
furnace, so as to communicate the heat more completely and
equally. The fire is kept up for eight or ten days. The pro-
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ploy nut oil, or poppy oil, which are nearly transparent, and do
not turn dark in drying. The drying of paint is owing, not
so much to evaporation, as to a chemical combination of the oil
with the pigment, especially when the latter is a metallic ox-
ide, or other substance, baving a direct affinity for the oil. The
oxygen of the atmosphere appears also to enter into this com-
bination. The drying will be frustrated if a small quantity of
any fat oil be present. Hence in painting old surfaces, which
have been exposed to contract any greasiness, it is necessary
first carefully to cleanse them, or to wash them with lime in
water, or with some alkaline solution, which combines with
the oil. The latter method is practised by house painters.

Oil paintings of designs are executed either on canvas, on
wood, or on copper. When the colors used are chiefly of the
kind denominated body colors, each successive layer conceals
these beneath it, so that the work may be heightened, amended,
or altered, at pleasure during any stage of the process, Paint-
ings in oil are very durable, and acquire a mellowness from
age which improves rather than injures their effect, provided
permanent colors have been used.

Painting in the large way, with uniform colors mixed in oil, is
employed not so much for ornament, as for the protection of
perishable substances from decay. Thus wood may be pre-
served from decomposition, and metals from oxidation, for an
indefinite time, by keeping them covered with a thick coating
of paint, which is impervious to air and moisture,

Varnishing.—The name of varnishes is given to certain
compounds, chiefly solutions of resinons substances, which, after
being spread over surfaces, and dried, possess the qualities of
hardness, brilliancy, and transparency. They are employed
to give lustre and smoothness to painted surfaces, and to de-
fend them from the action of the air.

"The principal subsiances which form the basis of varnishes,
are copal, mastic, animé, sandarac, lac, benzoin, amber, and
asphaltum.  Of these, copal is a hard, shining, transparent
resin, of a light citron color, originally brought from Spanish
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the articles are warmed before the varnish is applied to them.
One coat of varnish, also, must be dry before another is laid
on. Ovens are employed to hasten the drying of the work.

The same pigments which are employed in oil or water,
answer also in varnish. For painting figures, shell lac varnish
is considered best, and easiest to work ; it is therefore employ-
ed in most cases where its color permits. For the lightest
colors, mastic varnish is employed, unless the fineness of the
work admits the use of copal dissolved in alcohol.

Polishing.—Pictures, and other subjects, to which only a
thin coat or two of varnish is given, are generally left to the
polish which the varnish naturally possesses, or are brightened
only by rubbing them with a woollen cloth when dry. But
whenever several coats of varnish or japan are laid on, a more
glossy surface can be produced, by means similar to those
which are used to polish metals ; the surface having first been
suffered to become completely dry and hard. Where the coat
of varnish is very thick, the surface is first rubbed with pum-
ice stone and oil, till it becomes uniformly smooth ; the pum-
ice having been previously reduced to a smooth flat face, by
rubbing it on freestone. The japanned or varnished surface
may afterwards be rubbed with pumice reduced to an impal-
pable powder, the workman using oil and leather to lay on
the powder. The finishing may be given by oil and a piece
of woollen only.

Where the varnish is thinner, and of a more delicate nature,
it may be rubbed with tripoli, or rotten stone, in fine powder,
finishing with oil as before. 'Where the ground is white, putty,
or Spanish white, finely washed, may be used instead of rotten
stone, of which the color might have some tendency to injure
the ground,

Lacquering—Lacquering consists in the application of
transparent varnishes to metals, to prevent their tarnishing, or to
give them a more agreeable color. When the color of the me-
tal to be lacquered is to be changed, the varnish is tinged
with some coloring matter; but where preservation from rust,
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or tarnish, is the sole object, any of the transparent varnishes
will answer, the best and hardest being used where the great-
est durability is required. Shell lac is the most common basis
of the varnishes used in lacquering.  An imitation of gilding
is eflected by covering the surface of tin or lead with a_clear
varnish tinged with annotto, turmeric, or gamboge. 'The
Chinese gilt paper appears to be made in this manner.

Gilding.—The process of gilding on metals, described in a
former chapter, depends on a chemical union, or alloy, between
the gold and the metal to which it is applied.  But gilding, as
it is commonly performed upon wood, leather, &ec., is a me-
chanical process, and consists in cementing gold leaf upon
surfaces, for which it has no affinity. In common ol ailding,
the surface to be gilt is covered with an adhesive coating of
paint or gold size, composed of yellow ochre ground in oil.
When this is partially dried, so as to feel adhesive, the gold
leaf is laid upon it and pressed down with cotton wool. When
the whole surface is covered, it is left to dry, and the superflu-
ous gold leaf brushed off. In burnish gilding, the surface (o
be gilt is first covered with a mixture of whiting and size, pre-
pared by boiling shreds of parchment or skins, in water. This
is rubbed smooth, and covered with a gilding size containing
a little ochre or Armenian bole, This is suffered to dry, and
is rubbed smooth with a linen rag. The gilding is then per-
formed by moistening successively the parts of the sized sur-
face with water, and applying the gold leaf before it becomes
dry. When the work has become firm, it is burnished by
rubbing it with a hard polished substance, such as agate, dog’s
tooth, or steel.

Gilding on leather and on paper may be performed by ap-
plying gold leaf with gum arabic or size. The edges of paper
and of books are gilded with a size composed of whites of eggs,
beaten with three or four times their quantity of water, and
mixed with a little Armenian hole. Bookbinders gild the
leather of books by coating it two or three times with whites of
eggs, and suflering it to dry. A minute quantity of tallow is
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then rubbed on, and the gold leaflaid loosely upon the surface.
The stamps and letters are cut in brass ; ov printing types are
used. These are moderately heated, as much as the leather
will bear, and are then pressed upon the gold leaf; by which a
portion of gold corresponding to the letters is made to adhere ;
after which the superfluous gold leaf is brushed off.

Shell gold is prepared by grinding up gold leaf with honey
until it is completely subdivided ; the honey is then washed
away with water, and the gold powder mixed with gum water
or gsome other adhesive fluid. It is usually kept for use on
shells, and is applied with a pencil or brush in the manner of
common painting.

OF CHANGING INTRINSIC COLOR.

The processes considered in the previous part of this chap-
ter, are used to produce an external modification of color, and
consist in mechanically covering the surfaces upon which they
are applied. The remaining division includes those arts which
depend more exclusively upon chemical processes, and which,
by operating on the internal texture of bodies, produce a total
and intrinsic change of color. Of this kind are the arts of
bleaching, dyeing, and calico printing. The operations, how-
ever, which belong to these arts, are too exiensive to be con-
sidered in all their details in this place.

Bleaching —Bleaching is the process by which fibrous tex-
tures, such as linen, cotton, silk, &c. are deprived of their col-
or, and rendered white. The coloring matter, which is inhe-
rentin vegetable fibres, appears to beof a resinous character, and
the effect of the operation of bleaching is to dissolve, or dis-
charge it. In manufactories of linen and cotton goods, the
yarn or cloth passes throngh anumber of successive processes,
the principal of which are the steeping, in which the goods are
fermented in an acescent liquid at a temperature of about 100
degrees, Fahrenheit—the bucking and boiling, in which a

S i
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hot alkaline ley is made to percolate through them for some
time—the souring, performed with diluted sulphuric acid—the
bleaching with ehlorine, in which the stufl'is exposed to the
action of some compound of that substance, usually ekloride
of lime called bleaching salt.  Various mechanical operations,
washings, and repetitions of the processes, are commonly prac-
tised to complete the discharge of the color. Formerly the
process of bleaching was very tedious, and was effected by al-
kaline leys and by exposure to the sun and air, with frequent
irrigations, for many weeks. The discovery of the bleaching
power of chlorine has greaily abridged and simplified the pro-
cess.

Chemists explain the effect of chlorine in bleaching,* by
supposing that it unites with the hydrogen of the coloring
matter, and forms muriatic acid, which again acts upon the
color in its altered state. The acid may be detected in the
altered coloring matter. In bleaching, which is performed by
exposure to the air and moisture, it is supposed that oxygen
combines with the coloring matter, and renders a portion of
it more easy of solution, during the other parts of the pro-
cess.

The fibres of wool and silk are not bleached by chlorine,
but after being deprived of the saponaceous or gummy matter,
which adheres to them, are exposed to the fumes of burning
sulphur to discharge their color.

Dyeing ~—The art of dyeing consists in impregnating cloths
and other flexible fabrics, with coloring .substances, in such a
manner, that the acquired color may remain permanent under
the common exposures to which the stufls may be liable. Tt
is effected by producing a chemical union between the material
to be dyed and the coloring matter. It is found that different
materials not only possess different attractions for dye stufis,
but that they absorb the coloring matter in different proportions.
Wool appears in this respect to have the greatest attraction for

* Gay Lussac, Cours de Chimie, Lec. 30, p. 21.—Ure’s Notes to Berthol-
let, ii. 344.
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coloring substances ; silk comes next to it, then cotton, and
lastly hemp and flax.

Mordants—'The coloring substances uged in dyeing have
been divided by Dr Bancroft into substantive and adjective
colors.  Substantive colors are those which communicate their
tint immediately to the material to be dyed, without the aid of
any third substance. Adjective colors require the intervention
of a third substance, which possesses a joint attraction for the
coloring matter and the stuff to be dyed. The substance ca-
pable of thus fixing the color, is called a mordant, and by Mr
Henry, a basis.

The agents which are capable of acting in some way as
mordants, are very numerous, including many oxides and salts.
But those which are principally employed in practice, are the
acetate of alwmina, the sulphate ov acetate of iron, and the
muriate of tin. The substance to be dyed is first impregna-
ted with the mordant, and then passed through a solution of
the coloring matter. The mordant fixes the color, and, in
many cases, alters or improves and heightens its tint.

Dyes.—'The coloring substances capable of being used as
dyes, are very numerous, but a few of the most important have
in practice taken precedence of the vest. Indigo, madder,
quercitron, and some of the woods are consumed in vast quan-
tities by dyers, and are capable of producing an indefinite va-
riety of tints, under the action of different mordants. They
are somewhat dilferently treated, according as the substance to
be dyed is of wool, silk, or cotton.,

Blue Dyes—Indigo is the chief substance employed for giving the
blue dye. The bestindigo is obtained from a plant cultivated in warm
climates, the indigofera tinctoria.  The plant is cut a short time before
its flowering, and put into large vats covered with water, when fer-
mentation spontaneously ensues, during which the indigo subsides in
the form of a pulverulent, pulpy matter. Its color is at first green, but
by exposure to the air, it absorbs oxygen and becomes blue.

Indigo is a light brittle substance, of a deep blue color, and without
either taste or odor. At 550 degrees Fahrenheit it sublimes, forming
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ness. Its use in drinking vessels, is not free from danger,
when the glass contains so much alkali as to render any part
of it soluble in acids.

Crown Glass.—Glass is of various kinds, which are named
not only from the character of their ingredients, but from the
mode in which they are wrought. The name of erown glass
is given to the best kind of window glass, that which is hardest
and most free from color. It is made almost entirely of sand
and alkali, and a little lime, without lead or any other metallic
oxide, except a minute quantity of manganese, and sometimes
of cobalt, which are added to counteract the effect of any im-
purities in giving color to the glass. Crown glass requires a
greater heat to melt its ingredients than those kinds which
contain a larger quantity of metallic oxide, especially of lead.

Fritting.— After the materials have been intimately mixed,
they are subjected to the operation called fritting. This con-
sists in exposing them to a dull red heat, which is not sufficient
to produce their fusion. The use of this process is to drive
off the carbonic acid, and other gaseous and volatile matters,
which would otherwise prove troublesome by causing the ma-
terials to swell up in the glass pots. The heat is gradually in-
creased, and the materials constantly stirred for some- hours,
until they unite into a soft, adhesive mass, the alkali having
gradually combined with the siliceous earth. "The reason why
the fritting is conducted at a low heat, is, that if a high tem-
perature were applied at once, the alkali would be driven off,
before it had time to combine with the silica.

Melting.—The homogeneous mass, or f7if, is next transfer-
red to the glass pots of the melting furnace. These are cru-
cibles made of the most refractory clays and sand. A quantity
of old glass is commonly placed upon the top of the frit, and
the heat of the furnace is raised to its greatest height, at which
state it is continued for 30 or 47} hours. During this time the
materials become perfectly united, and form a transparent,
uniform mass, free from specks and bubbles. The whole is
then suflered to eool a little, by slackening the heat of the fur-
nace, until it acquires sufficient tenacity to be wrought.
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of a slight change of form. In this state they are placed in
an iron mould and subjected to a strong pressure, by which
they become regular in shape, and very smooth. A machine
usually contains a number of moulds arranged in a circle, or
otherwise, so that the power is applied to them in succession,
and the bricks pressed with rapidity.

"T'he burning of bricks is commonly performed in this coun-
try, by forming them into large square piles, denominated
clamps, or with us, Lilns, having flues or cavities at the bottom
for the insertion of the fuel, and interstices between the bricks
for the fire and hot air to penetrate. A fire is kindled in these
cavities, and gradually increased for the first twelve hours, af-
ter which it is kept up at a uniform height for several days
and nights, till the bricks are sufficiently burned. Much care
and experience are necessary in regulating the fire, since too
much heat vitrifies them, and too little leaves them soft and
friable. In some places the burning of bricks is conducted in
permanent kilns erected for the purpose.

Tiiles.—Tiles are plates of burnt clay, resembling bricks in
their composition, and manufacture, and used for the covering
of roofs. They are necessarily made thicker than slates or
shingles, and thus impose a greater weight upon the roofs.
Their tendency to absorb water, promotes the decay of the
wood work beneath them. Tiles are usually shaped in such
a manner that the edge of one tile receives the edge of that
next to it so that water cannot percolate between them.*  Tiles,
both of burnt clay and marble, were used by the ancients, and
the former continue to be employed in various parts of Eu-
rope.  Floors made of flat tiles are used in many countries, par-
ticularly in Italy.

Terra Cotta.—The Tialian nawe terra cotta, in French
terre cuile, in its most general sense, implies clay indurated
by heat. In the arts, however, its use seems to be restricted to
the finer clays, in which ornamental designs have been exe-

* For different forms of tiles used at Florence, Trieste, &c. see Cadell's
Journey in Italy and Carniola, Plate X.
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cuted, both by the ancients and moderns.  Not only vases, but
imitations of sculpture, and architectural decorations, are suc-
cessfully made from this material. Among other things, a
complete restoration of the Choragic monument of Lysicrates,
at Athens, has been made from terra cotta in the court of the
Louvre, at Paris.  From the facility with which it is moulded
into any form, this substance would be of great use in archi-
tecture, were it not for the unequal shrinking of the clay from
heat, and the difficulty of preserving accurately the original
proportions.

Crueibles.—Crucibles, melting pots, and other vessels in-
tended for use in the furnace, require to be made of substances
which sustain a high temperature without fusion.  When they
are made of about one part of pure clay, mixed with three of
sand, and slowly dried and annealed, they are found to beara
oreat hieat, and will retain most of the metals which are melted
for use in the aris.  Such crucibles, however, are liable to be
acted upon, and destroyed at high temperatures, if the metals
are suffered to become oxidized, or if saline fluxes are used.
To prevent this accident, some crucibles are made entirely of
elay, which is burnt, coarsely powdered, and mixed with fresh
clay. These are found very refractory in the furnace. Cruci-
bles are alzo made of plain Stourbridge clay, of Wedgewood's
ware, of graphite, and of platina.

Pottery.—In manufactures of vessels from argillaceous com-
pounds, the different degrees of beauty and costliness depend
upon the quality of the raw material used, and upon the labor
and skill expended in the operation. The cheapest products
of the art are those made of common clay, similar to that of
which bricks are formed, and which, from the iron it contains,
usually turns red in burning.  Next to this is the common
erockery ware, formed of the purer and whiter clays in which
iron exists only in minute quantities.  Porcelain, which is the
most beautiful and expensive of all, is formed only from argil-
laceous minerals of extreme delicacy, united with siliceous
earths capable of communicating to them a semitransparency,
by means of its vitrification.
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Clay, although it is a compound body, and possesses more
silica than alumina, nevertheless derives characters from the
latter, which abundantly distinguish it from minerals which are
more purely siliceous. The processes of its manufacture are
in most respects the reverse of those applied to glass, that sub-
stance being softened by heat, and wrought at a high tem-
perature, whereas the clay is wrought while cold, and after-
wards hardened by heat.

Operations—Though the various kinds of pottery and
porcelain  differ from each other in the details of their manu-
facture, yet there are certain general principles and processes
which are common to them all.  The first belongs to the pre-
paration of the clay, and consists in dividing and washing it,
till it acquires the requisite fineness. The quality of the clay
requires the intermixture of a certain proportion of siliceous
earth, the eflect of which is to increase its firmness, and render
it less liable to shrink and crack, on exposure to heat. In
common clay, a sufficient quantity of sand exists in a state
of natural mixture, to answer this purpose. But in the finer
Kinds, an artificial admixture of silica is necessary. The paste
which is thus formed, is thoroughly beaten and kneaded to
render it ductile, and to drive out the air. It is then ready to
receive its form.  The form of the vessel intended to be made,
is given lo the clay either by turning it on a wheel, or by cast-
ing it in a mould. 'When dry, it is transferred to the oven or
furnace, and there burnt till it acquires a sufficient degree of
hardness for use.  Since, however, the cliy is still porous, and
of course penetrable to water, it is necessary to glaze it. This
is done by covering the surface with some vitrifiable substance,
and exposing it a second time to heat, until this substance is con-
verted into a coating of glass, ;

In the coarse earthen ware, which is made of common clay,
the clay, after being mixed and kneaded until it has acquired
the proper duectility, is transferred to a sort of revolving table,
called the wheel. A piece of clay of sufficient size, being placed
in the centre of this table, a rotary motion is communicated to
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it by the feet. The potter then begins to shape it with his
hands, which are previously wet to prevent its adhering to the
fingers. The rotary motion gives it a cireular form, and it is
gradually wrought up to the intended shape, a tool being oc-
castonally used to assist the finishing. The vessels are now
set aside to dry, after which they are baked in the oven, or kiln.
The glazing of this kind of pottery is given by metallic oxides,
which vitrify at a low heat. A yellow glazing is communicated
by the oxide of lead, black by the oxide of manganese, and white
by the oxide of tin. Unglazed ware is porous and permeable
to water, as is seen in common flower-pots and coolers.

Stone Ware—The kinds of pottery denominated stone
ware, may be formed of the clays which are used for other ves-
sels, by applying to them a much greater degree of heat, the
effect of which is to increase very much their strength and
solidity. These vessels do not require to be glazed with any
metallic oxides, but afford the material of their own glazing by
a vitrification of their surface.  When the furnace in which
they are burnt has arrived at its greatest heat, a quantity of
muriate of soda, or common salt, is thrown into the body of
the kiln. The salt rises in vapor and envelopes the hot ware,
and by the combination of its alkali with the siliceous particles
on the surface of the ware, a perfect vitrification is produced.
This glazing, consisting of an earthy glass, is insoluble in most
chemical agents, and is free from the objections to which ves-
sels glazed with lead are liable, that of communicating an un-
whelesome quality to liguids contained in them, by the solution
of the lead in common acids, which they frequently contain.

White Ware—The better sorts of earthen ware are made
of white clay, or of clay containing =o little oxide of iron that
it does not turn red in burning, but on the contrary, improves
its whiteness in the furnace. This kind, commonly called
pipe clay, is found very pure in Devonshire and Dorsetshire,
in England. 1In the manufactory of Mr Wedgewood, to whose
industry and ingenuity the public are indebted for somie of the
finest specimens of the art, the clay is prepared by first bring-
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ing it to a state of winute division, by the aid of machinery.
This machinery consists of a series of iron blades or knives
fixed to an upright axis, and made to revolve in a eylinder,
and intersecting or passing between another set of blades which
are fixed to the cylinder. The clay, by the continual inter-
section of these blades, is minutely divided, and when suffi-
ciently fine, is transferred to a vat. It is here agitated with
water until it assumes the consistence of a pulp, so Lhin, that
the coarser or stony particles can subside to the bottom after
a little rest, while the finer clay remains in suspension. This
last is poured off and suffered to subside, after which it is pass-
ed through sieves of different fineness, and becomes sufficiently
attenuated for use.

To this clay is added a certain quantity of flint reduced to
powder by heating it red hot, and throwing it into cold water
to diminish the cohesion of its paris.  Afterwards it is pounded
by machinery, ground in a mill, sifted and washed precisely
as the clay is treated, and made into a similar pulp. In this state
the two ingredients are intimately mixed together, in such
quantities that the clay bears to the flint the proportion of about
five to one. :

The object of adding flint to the clay, is twofold. It lessens
the shrinking of the clay in the fire, and thus renders it less
liable to warp and crack in the burning. At the same time,
by its partial fusion, it communicates to the ware that beauti-
ful translucency which is so much admired in porcelain, and
of which the simple clay wares are destitute.

The fine pulp of flint and clay being intimately mixed, is
then exposed to evaporation by a gentle heat, until the super-
fluous water is dissipated, and the mass reduced to a proper
consistency to work. To produce a uniformity in the thick-
ness of the material, it is taken out in successive pieces, which
are repeatedly divided, struck, and pressed together, till every
part becomes blended with the rest.

Throwing.—The formation of circular vessels is done by
the process called throwing, performed on the potter’s wheel,
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in the manner already described, except that in large manu-
factories the wheel is not turnéd by the operator himself, but
by an assistant, or a steam engine. 'T'he handles and similar
appendages are made by forcing the clay with a piston, through
an aperture of the size and shape which it is desired to pro-
duce. When formed, the handles are cemented to the ware
by a thin mixture of the clay with water, which the workmen
call slip. 'The vessels, when complete, are dried with a grad-
ual heat, in a room heated to 80 or 90 degrees, and after be-
ing smoothed from any irregularities of surface, they are con-
veyed to the kiln.

LPressing.—The only vessels which can be made in the
wheel or lathe, are those of a circular form. When the form
is different, the vessel must be made either by press work or
casting. The press work is executed in moulds made of
plaster of Paris, one half the figure being on one side of the
mould and the other half on the other side. These fit accu-
rately together. The clay is first made into two tlat pieces, of
the thickness of the articles; one of these is pressed into one
side of the mould, and the other into the other side. The
superfluous. clay being cut away, the two sides of the mould
- are brought together to unite the two halves of the vessel.
The mould is now separated from the clay, and the article is
finished as to form.  When dry, it is completed by the addi-
tion of handles, or other parts belonging to it.  All vessels of
an oval form, or which have flat sides, may be made in this
way.

Casting.—In the third method called casting, the clay is
used in the state of pulp, sufficiently thin to flow. Itis poured
into moulds made of plaster, by which the superfluous water
being rapidly absorbed, the clay is deposited, and acquires
sufficient solidity to preserve the shape communicated by the
mould. It is then taken out and dried, and transferred to the
kiln., -

Burning —All vessels, when formed, are in a very tender
and frangible state, before they are submitted to the action of
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fire. The burning, or hardening, is performed in kilns; and
to preserve the ware from injury, it is inclosed in cases, or
boxes, of burnt clay, called saggars, in which it is heated red
hot, by the flame cirenlating among the cases. The fire is
kept up from 24 to 48 hours, and the saggars suffered o cool
before they are removed. The ware is then found to have
acquired great hardness, and is converted into a dry, sonorous,
and extremely bibulous solid. In this state it is called the
biscuit. It adheres strongly to the tongue, and absorhs water
in such guantities, that vessels in this state are used as coolers,
heing kept saturated with water, which, as it passes constantly
to the outer surface, generates cold by ils evaporation.
Printing.—When colors, or designs, are to be impressed
upon the vessels, it is necessary in most cases, that it should
be done before the ware is glazed. In China, the drawings
on the surface of porcelain, and other wares, are executed by
hand, with the pencil; and the same method is pursued in
Europe, in elaborate pieces of workmanship. But in the
common figured white ware, the designs are first engraved up-
on copper, and an impression taken on thin paper, in the com-
mon mode of copperplate printing, except that the color is a me-
tallic oxide. The paper is then moistened, applied closely to
the biscuit, and rubbed on; by which process the eoloring
matter is abzorbed, in consequence of the porosity of the earth-
en material. The paper is then washed off; leaving the print-
ed figure transferred to the sides of the vessel.  Blue and white
ware is printed with oxide of cobalt,* and a black color is im-
parted by an admixture with the oxides of manganese and
iron. :
Glazing.—To preyvent the penetration of fluids, it is neces-
sary that vessels should be glazed, or covered, with a vitreous
coating. The materials of common glass would afford the
most perfect glazing to crockery ware, were it not that the ra-

* Mr Parkes informs us that such improvements are made in the manufae-
ture of this article, that the Chinese potters are now supplied from England,
with all the cobalt they consume.



480 ARTS OF INDURATION BY HEAT.

tio of its expansion and contraction is not the same with that
of the clay, so that a glazing of this sort is liable to cracks
and fissures, when exposed to changes of temperature. = A mix-
tare of equal parts of oxide of lead and ground flints is found
to be a durable glaze for the common cream colored ware, and
is generally used for that purpose. These materials are first
ground to an extremely fine powder, and mixed with water to
form a thin liquid. The ware is dipped into this fluid and
drawn out. The moisture is soon absorbed by the clay, leav-
ing the glazing particles upon the surface. These are after-
wards melied by the heat of the kiln, and constitute a uniform
and durable vitreous coating.

The English and French manufacturers find it neceszary to
harden their vessels by heat, or bring them to the state of bis-
cuit, before they are glazed ; but the composition used by the
Chinese, resists water, after it has been once dried in the air,
g0 as to bear dipping in the glazing liquid, without injury.
This gives them a great advantage in the economy of fuel.

China Ware.—The Chinese porcelain excels other kinds
of ware, in the delicacy of its texture, and the partial trans-
parency which it exhibits when held against the light. It has
been long known and manufactured by the Chinese, but has
never been successfully imitated in Europe, until within the
last century. In China, porcelain is made by the union of
two earths, towhich they give the name of petuntze and Laolin,
the former of which is fusible in the furnace, the latter not.
Both these earths are varieties of feldspar, the kaolin being
feldspar in a state of decomposition, and which is rendered in-

fusible by having lost the small quantity of potass which origi-

nally entered into its composition. The petuntze is feldspar
undecomposed. These earths are reduced o an impalpable
powder, by processes similar to those already described, and in-
timately blended together. When exposed to a strong heat,
the petuntze partially melts, and enveloping the infusible kao-
lin, communicates to it a fine semitransparency. The glazing

=
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is produced by the petuntze alone, applied in minute powder
to the ware, after it is dry.

FEuropean Porcelain~—~Since the nature of the Chinese
earths has been understood, materials nearly of the same kind,
have been found in different parts of Kurope, and the manu-
facture of porcelain has been carried on in several ecountries,
but particularly at Sevres, in France, with great success. The
Buropean porcelains, in the elegance and variety of their forms
and the beauty of the designs which are executed upon them,
excel the manufactures of the Chinese. But the Oriental
porcelain has not yet been equalled in hardness, strength, du-
rability, and the permanency of its glaze. Several of the pro-
cesses which are successfully practised by the Chinese, remain
still to be learnt by Europeans. The manufacturers in Saxony,
are said to have approached most nearly in their products, to
the character of the Asiatic porcelain.

The porcelain earths are found in various parts of the United
States, and will doubtless hereafler constitute the material of
important manufactures,

The finer and more costly kinds of porcelain derive their
value, not so much from the quality of their material, as from
the labor bestowed on their external decoration. When the
pieces are separately painted by hand, with devices of different
subjects, their value, as specimens of art, depends upon the
size of the piece, the number and brilliancy of the colors em-
ployed, and more especially upon the skill and finish, exhibited
by the artist in the design. The manual part of the operation
consists in mixing the coloring oxide with a fluid medium,
comuinonly an essential oil, and applying it with camels’ hair
pencils.  The colors used are the same as those employed in
other kinds of enamelling. When one color requires to be
laid over another, this is performed by a second operation ; and
it often happens that a piece of porcelain has to go into the en-
amel kiln four or five times, when a great variety of colors is
contained in the painting.

61
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Gilding upon porcelain is performed by applying the gold
after its solution in nitro-muriatic acid, ground up with oil of
turpentine, and mixed with a flux. When exposed to heat,
the oxygen, if any is present, escapes, and a coating of metallic
gold remains fixed to the porcelain.  This has at first the
appearance of dead gold, but is subsequently burnished with
an instrument of polished steel, or with an agate, or blood
slone.

"The articles called lustre ware, are of two kinds. The first
of these, called gold lustre, is made of red clay, and is brush-
ed over with a thin coating of gold obtained from its solution
in nitro-muriatic acid, the acid being driven off by heat. The
other kind is called silver lustre, and is made of the cream-
colored ware, covered in the same manner with a film of pla-
tinum. '

Etruscan Vases.—This name is given to a kind of painted
antique vases, of great beauty, lightness, and delicacy, which
are dug up in the graves of lower Italy. Many of them are
supposed to be of Grecian, and not of Etruscan origin, Some
of these vases are entirely black, and in this case there is no
separate glazing, but the interior of the mass has the same ap-
pearance with the outside. Other vaszes are furnished with a
simple black coating, but unlike the modern glazing. It ap-
pears from analysis, that this black color is produced by a car-
bonaceous substance, perhaps bitumen ; but the art of applying
it is unknown to the moderns.

The celebrated Portland vase, discovered in the tomb of
Alexander Severus, and for which the Dutchess of Portland
paid a thousand guineas, is said to be made, not of porcelain,
but of glass. The body of the urn consists of a deep blue glass,
over which is applied a coating of white semitransparent glass.
The white covering appears to have been cut away by the
lapidary, in the same way as the subjects of antique cameos on
colored grounds. Mr Wedgewood, at a great expense, pro-
duced imitations of this vase in porcelain.






CHAPTER XXI.

ON THE PRESERVATION OF ORGANIC SUBSTANCE.

Decomposition.—Trr compounds which are spontaneously
formed by organic bodies, both vegetable and animal, are of a
different nature from those which exist in unorganized matter.
They are the peculiar results of vital processes, and neither
their structure nor composition can be imitated by art.  Dur-
ing life, the elements of organic bodies are held together by
vital affinities, under the influence of which they were originally
combined. But no sooner does life cease, than these elements
become subject to the laws of inert matter. The original af-
finities, which had been modified, or suspended, during life,
are brought into operation ; the elementary atoms react upon
each other. new combinations are formed, and the organized
structure passes sooner or later into decay.

The rapidity with which decomposition takes place in or-
ganic bodies, depends upon the nature of the particular sub-
stance, and upon the circumstances under which it is placed.
Temperature, moisture, and the presence of decomposing
agents, greatly affect both the period, and extent of this pro-
cess. By regulating, or preventing, the operation of these
causes, the duration of most substances may be prolonged, and
many materials are rendered useful, which, if left to themselves,
would be perishable and worthless. The preservation of tim-
ber, of fibrous substanees, of leather, of food, and of various
objects of art, are subjects of the highest importance, and have
received, at various times, much attention from scientific ex-
perimentalists. '

Temperature.—"The influence of temperature, in accelerat-
ing or refarding the decay of organized substances, is gene-
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rally known. Cold tends to check the progress of destructive
fermentation, and when it extends =o far as to produce conge-
lation, its preservative power is complete. Bodies of men and
animals have been found frozen, in situations where they had
remained for years, and even ages; and the recent discovery
of an elephant in the ice of Siberia, shows that the period of
this preservation is unlimited. On the other hand, in warm
seasons and in hot climates, everything tends to corruption and
decay. Both animal and vegetable substances, pass rapidly
into the putrefactive fermentation ; alimentary substances are
difficult to preserve, and when moisture is combined with heat,
ships, houses, and other structures of wood, as well as cordage,
canvass, and clothing, have the period of their duration greaily
abridged.

Diryness—Although certain degrees of heat, especially
when combined with moisture, tend greatly to promote decom-
position, yet if the degree of heat, and the circumstances under
which it acts, are such as to produce a perfect dissipation of
moisture, the further progress of decay is arrested. The exer-
tion of chemical affinities usually requires that one of the
agents at least should be in a fluid state. Ard while a body
is in a state of perfect dryness, no internal chemical change is
likely to befall it. ~"T'he beams and funiture of houses, ofien
remain entire for centuries,  In the arid caverns of Egypt, the
wood of sarcophagi appears to have undergone no alteration in
the lapse of two or three thousand years, the fibres of linen
textures are found distinct and perfect, though weakened in
strength, and the dried flesh of the mummies themselves dis-
cover no marks of decomposition. In cabinets of Natural His-
tory, the specimens, so long as they are kept perfectly dry, un-
dergo no alteration from spontaneous decay. They are, how-
ever, extremely liable to the depredations of insects, from which
they require to be protected, either by impregnating them
with poisonous substances, or by inclosing them in cases which
are hermetically tight.
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Wetness.—Some materials, especially wood, are capable of
lasting for a long tinie, if kept continually immersed in waler,
especially at low temperatures. Thus the lower part of a
pump log is much more durable than the upper, if kept always
under water. The effect of pure water is (o dissolve and car-
ry ofl the soluble parts, leaving the fibrous strueture in a state
less liable to fermentation than before.  Some animal substan-
ces, likewise, such as leather, bear immersion in waier for a
congiderable time. It must be observed, however, that the
effect of wetness upon most organized bodies, is to soften their
texture, and render them less able to support mechanical vio-
lence, than when dry. Wood, after having been long immers-
ed, if taken out and dried, is found to be more brittle than it
was before.

But the state which most rapidly promotes decay, is that of
alternate moisture and dryness, attended with exposure to the
atmospheric air. It appears in regard to wood, that in each
wetling, a sensible portion of substance is dissolved, and that
in each drying, a new portion of soluble matter is formed. In
a ship, under common circumstances, the parts which first de-
cay, are those which are situated between wind and water, or
are subjected to alternate dryness and moisture. So alsoin a
post standing in the earth, the part which first decays, is usu-
ally that which is nearest the surface of the ground,  Exposure
to the vicissitudes of weather, iz also one of the most common
and active causes of decomposition.

Antiseptics.—A certain class of substances has received the
name of antiseptics, from their power, when present, of resist-
ing putrefaction in organic bodies, as well as in their products.
Such are charcoal, tannin, resins, camphor, bitumen, sugar,
chlorine, alcohol, oils, acids, and salts of various kinds. The
manner in which they exert their preservative agency is not
fully understood. It appears, however, that in some cases
they combine with the substance to be preserved, forming a
less perishable compound, as in the instance of leather ; and
probably in other instances they unite with and qualify the
decomposing agents which are present.
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it, the trunk is overcharged with sap; and in many trees, as
the maple and birch, sap will flow out at these seasons, if the
trunk is wounded. In summer, on the contrary, when the
leaves are out, the sap is rapidly expended, and in winter,
when the roots are dormant, it is sparingly produced ; so that
no surplus of this fluid apparently exists. From reasoning a
priori, it would seem that no treatment would be so effectual
in getting rid of the greatest quantity of sap, as to girdle the
tree, by cutting away a ring of alburnum, in the early part of
summer, thus putting a stop to the further ascent of the sap,
and then to suffer it to stand until the leaves should have ex-
pended, by their growth, or transpiration, all the fluid which
could be extracted by them previously to the death of the tree.*
The wood would thus probably be found in the driest state to
which any treatment could reduce it in the living state.
Buffon has recommended stripping the trees of their bark in
spring, and felling them in the subsequent fall. "T'his method
is said to harden the alburnum, but the cause is not very
apparent, nor is the success at all certain.

Seasoning.—At whatever period timber is felled, it requires
to- be thoroughly seasoned, before it is fit for the purposes of
carpentry. The object of seasoning is partly to evaporate as
much of the sap as possible, and thus to prevent its influence
in causing decomposition ; and partly to reduce the dimensions
of the wood, so that it may be used without inconvenience
from its further shrinking. Timber seasons best, when placed
in dry situations, where the air has a free circulation round it.
Gradual drying is considered a better preservative of wood, than
a sudden exposure to warmth, even of the sun; for warmth
abruptly applied, causes cracks and flaws from the sudden and
unequal expansion produced in different parts. Two or three
years’ seasoning is requisite to produce tightness and durability
in the wood work of buildings. Tt must be observed that
seasoning in the common way, enly removes a portion of the

*Bee MeWilliun on the Dry Rot, pages 151, and 158.
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pended by the vegetative process alone, and replaced by water.
It is well known that branches of plants, if inserted in water,
continue for some days, to grow, to transpire, and to perform
their other functions. This they probably do at the expense
of the sap, or assimilated fluid, which was previously in them,
while they replace it by the water they consume. This state
of things continues until the juices are wo far diluted to be
capable of any longer sustaining life.

The charring of timber by scorching, or burning its outside,
is commounly supposed to inerease its durability, but on this
subject the results of experiment do not agree. Charcoal is
one of the most durable of vegetable substances, but the con-
version of the surface of wood into charcoal, does not neces-
sarily alter the character of the interior part. As far, how-
ever, as it may operate in excluding worms, and arresting the
spreading of an infectious decay, like the dry rot, it is useful.
Probably also, the pyroligneous acid which is generated when
wood Is burnt, may exert a preservative influence.

The exclusion of moisture by covering the surface with a
coating of paint, varnish, tar, &c.,is a well known perserva-
tive of wood which is exposed to the weather. If care is taken
to renew the coat of paint, as often as it decays, wood on the
outside of buildings, is sometimes made to last for centuries.
But painting is no preservative against the internal or dry rot.
On the contrary, when this disease is begun, the effect of paint,
by choking the pores of the wood, and preventing the exhala-
tion of vapors and gases which are formed, tends rather to ex-
pedite, than prevent the progress of decay. Paint itself is
rendered more durable, by covering it with a coating of fine
sand.  Wood should never be painted, which is not thoroughly
seasoned. .

The impregnation of wood with tar, bitumen, and other re-
sinous substances, undoubtedly promotes its preservation. It
is the opinion of some writers,” that ¢ woods abounding in re-

* Tredgold's Elementary Principles of Carpentry, page 166,
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sinous matter, cannot be more durable than others,” but the

reverse of this is proved every year in the pine forests of this

country, where the lizhtwood, as it is called, consisting of the

knots and other resinous parts of pine trees, remaing entire,

and is collected for the purpose of affording tar, long after the

remaining wood of ihe tree has decayed. A coating of tar or

turpentine, externally applied to seasoned timber, answers the

same purpose as paint in protecting the wood, if it is renewed

with sufficient frequency.  Wood impregnated with drying oils,

such as linseed oil, becomes harder, and more capable of re-

sisting moisture. It is frequently the custom, in this country,

to bore a perpendicular hole in the top of a mast, and fill it
with oil. This fluid is gradually absorbed by the vessels of
the wood, and penetrates the mast to a great distance. Ani-

mal oils, in general, areless proper for this purpose, being
more liable to decomposition.

The preservative quality of common salt (muriate of soda),
is well known. An example of its effect is seen in the hay of
salt marshes, which is frequently housed before it is dry, and
which often becomes damp afterwards from the deliquescence
of its salt, yet remains unchanged for an indefinite length of
time. In the salt mines of Poland and Hungary, the galleries
are supported by wooden pillars, which are found to last
unimpaired for ages, in consequence of being impregnated
with the salt, while pillars of brick and stone, used for the
same purpose, crumble away in a short time by the decay of
their mortar. Wooden piles driven into the mud of salt flats
and marshes, last for an unlimited time, and are used for the
foundations of brick and stone edifices. In canals which
have been made in the salt marshes about Boston and other
places, trunks of oak trees are frequently found with the heart
wood entire and fresh, at a depth of five or six feet below the
surface. * At Medford, Mass. the stumps of trees are found
standing in the gravelly bottom of the salt marsh where the
tide rises in the canals four or five feet above them. This
bottom must originally have constituted the surface of the
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parasitic vegetables and animals ; but its safety, in regard to
the health of erews if used in large quantities about the wood
of a ship, may be considered as doubtful.

An opinion has beea supported in this country, that the
decay of timber in ships, by dry rot, is owing to the impure
atmosphere generated by bilge water, and that it is to be rem-
edied by constructing ships with a view to their free and effee-
tual veotilation.*

Preservation of Animal Textures—The solid and fibrous
portions of organic bodies, such as wood, bone, shell, horn, hair,
cotton, &c.-are most easy of preservation. But the soft and
succulent parts, such as the pulp of vegetables, and the flesh
of animals, are extremely perishable, owing to the decompo-
sing influence of their fluid contents ; and require the assist-
ance of art to commuticate to them any degree of durability.
These substances, when they cannot be dried, are usually
preserved by enveloping or impregnating them with antisep-
tics. For alimentary substances the antiseptics used are sugar,
alcohol, salt, and the acetous and pyroligneous acids ; while,
for seientific specimens and preparations, aleohol, oil of turpen-
tine, resinous and bituminous varnishes, alum, and corrosive
sublimate are found most effectual.

Embalming.—As the art of embalming can havdly be
ranked among the useful arts, any further than it can be made
subservient to the promotion of anatomy, or natural history, it
is not much cultivated at the present day. The ancient Egyp-
tians converted the dead bodies of their friends into mummies,
by removing the viscera from the large cavities, and replacing
them with aromatic, saline, aud bituminous substances, particu-
larly asphaltum ; and also enveloping the outside of the body
in cloths impregnated with similar materials. These impreg-
nations prevented decomposition, and exeleded insects, until
perfect dryness took place. Tn times comparatively modern,
embalming has been practised with great success, particularly

* See a pamphlet on Dry Rot, by Commodore Barron, Norfolk, 1828,
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where bodies have remained at a low and uniform temperature,
and have been protected from the access of the air.  The body
of king Edward the First, of England, appears upon record to
have been embalmed. He died in July, 1307, and was buried
in Westminister Abbey. In 1770, his tomb was opened, and
the contents examined, and after this lapse of 463 years, the
body of the monarch remained entire. The flesh upon the
face wasa little wasted, but not putrid.  The body of Canute,
king of Denmark, who invaded England in 1017, was found
very fresh in 1776, by the workmen employed in repairing
Winchester Cathedral.  'T'he bodies of William the Conqueror,
and of Matilda his wife, both buried at Caen, were found entire
in the sixteenth century. In like manner, the remains of va~
rious other princes, and persons of note, have been discovered
to be undecayed some centuries after their decease. In cer-
tain cases, bodies not embalmed have been preserved, merely
by the exclusion of air, and a uniform low temperature.

But the most perfect of all the modes of preserving the an-
imal body, without continued immersion, appears to be a thor-
ough impregnation with corrosive sublimate. "T'his may be
performed, by saturating the soft solids with a strong solution,
consisting of about four ocunces of bichloride of mercury to a
pint of alcohol. This is injected into the blood vessels, and
after the viscera are removed, the whole body is immersed for
three months in the same solution. At the end of this period
it easily dries, and is afterwards nearly imperishable.®

In what are called by anatomists wet preparations, the ob-
jeets are kept immersed in alcohol, and last for an indefinite
time. Qil of turpentine answers the same purpose, and in the
Museum of Natural History, in Paris, there is a head prepared
in this way, more than a hundred years ago, by the celebrated
Ruytch, which preserves all the vivacity of its colors. In cold
weather the liquid becomes opaque, but is again rendered
transparent in the spring.

* See a paper by Dr J. €, Warren, on Embalming, in the Boston Journal
of Arts, vol. i p. 262.

PR













498 . ON THE PRESERVATION

time inverting the skin, The fleshy parts of the limbs are
extracted through the same opening, also the neck, brain, and
eyes, leaving the skull, if the animal be small. Care is taken
not to injure the hair, or plumage. When the fleshy parts
are removed, the inside of the skin is rubbed with some
poisonous substance, usually arsenic,” to prevent insects. The
skin is then returned to its natural situation, and filled with
cotton or tow, or, what is still better, an artificial body, shaped
out of wood, cork, or dried clay, may be introduced within
the skin. The opening is sewed up, and wires are passed
longitudinally through the legs and neck. These are after-
wards bent into the proper position to give the attitude
desired. Glass eyes are inserted, and the hair and feathers
rendered as smooth as possible, and retained, while drying, in
paper bandages.

Reptiles, and fishes without scales, are extracted by carefully
separating the bones of the neck through an opening in the
throat, or gills, and inverting the skin. In serpents, the
whole body is easily extracted through the mouth. Fishes
with scales cannot be turned without injury. It is therefore
necessary to detach the skin carefully, without doubling it.
Insects may be killed, without hurting their texture, by the
fumes of burning sulphur, or prussic acid, or, in many cases,
by pinching the breast. They are then secured by pins, and
placed to dry with the wings and legs in the natural attitudes.
Arsenic, or corrosive sublimate, is generally necessary to secure
them from the depredations of other insects.

An Herbarium, or collection of dried plants, is usually
formed by subjecting the plants, while fresh, to a sufficient
pressure between folds of paper, to preserve their natural
smoothness and regularity, until they become dry. The
plants should be gathered at a time when their characters are
most perfectly developed. A specimen in flower should be

*The following is the arsenical soap of Becoeur, much used in France :
Camphor 5 ounces, powdered arsenic 2 pounds, white soap 2 pounds, salt of
tartar 12 ounces, lime 4 ounces, melted and triturated togother.
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preserved, and, if possible, one also in fruit.  'The plant must
be carefully spread out on smooth, bibulous paper, so that the
leaves, petals, &c., may be displayed as perfectly as possible.
In this situation it is retained, and another sheet of paper
turned gradually over it, commencing at one side, till the
whole is covered. Several sheets of paper are then to be
added to each side, and the whole placed to dry under a strong,
equal pressure. In this way many plants may be preserved
without further trouble, especially if the weather be warm and
dry. 'The process, however, may be expedited by shifting the
papers, or by passing over them occasionally a warm iron.
These precautions are more necessary for succulent plants, or
for others in cold and damp weather.

Appert's Process.—A method brought into notice by M.
Appert, for preserving articles of food unchanged for several
years, deserves to be noticed among the practical improvements
of the present century. 'This method was partially known at
a much earlier period, but its most successful modes of appli-
cation were undoubtedly discovered by M. Appert. [t con-
sists in a very simple process. The articles to be preserved
are inclosed in bottles, which are filled to the top with any li-
quid ; for example, with the water in which the article, if solid,
has been hoiled. The bottles are closely corked, and cement-
ed, to render them hermetically tight. They are then placed
in kettles filled with cold water, and subjected to heat till the
water hoils.  After the boiling temperature has been kept up
for a considerable time, in some cases an hour, but varying
with the character of the article to be preserved, the bottles
are suffered to cool gradually. In this state, meats, vegetables,
fruits, milk, and other substances, are preserved perfectly fresh,
without any condiments, for long periods, of from one to six
years. Instead of bottles, tin canisters are sometimes used.
and rendered tight by soldering.

The remarkable effect of this process has been explained, by
attributing the preservation of the articles to the total exclusion
of atmospheric air. But as air, in common cases, is always
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ity with it, steam of great elastic force is suddenly generated.
In this case, asin fire-arms, the bursting takes place before the
inertia of surrounding moveable objects can be overcome, so
that the water and safety valve, which would yield easily un-
der gradual pressure, become insurmountable obstacles under
sudden pressure.

Unfortunately, no remedy for this evil can well be applied
to engines as they are now fitted up for use. In steam boats
particularly, the sudden rolling and pitching of the vessel in
rough weather, may cause heated portions of the boiler which
were raised above the surface of the water at one minute, to he
depressed below it at another. When this motion is regular,
it serves to correct its own effects ; but when it suddenly takes
place in a greater degree than before, it is not free from danger.
In still water the same thing may happen by the changing of
the passengers or freight from one side of the boat to another.
Even stationary boilers on land, may, in case of violent ebulli-
tion, be caused to explode, if the water is suffered to get too
low, so that the metal becomes over-heated, and therefore ca-
pable 'of forming steam of great elastic force, when a sudden
effervescence brings the water near to the heated parts.

The method which promises most effectually to obviate the
danger, is that proposed by Mr Treadwell, and originally pub-
lished in the Boston Daily Advertiser of May 17, 1830. This
is a proposed plan for working steam at a pressure not exceed-
ing that of the atmosphere. The importance of this paper
will justify the insertion of the prineipal part of it at length, in
the author’s own words.

After speaking of the frequency and causes of these acci-
dents, and the utter impossibility of guarding against the care-
lessness of aitendants and subordinate agents employed about
the engines, Mr Treadwell goes on to remark :—

‘These considerations naturally suggest the question ;
whether it be possible to obtain a_power, from steam, particu-
larly for steam hoats, without any pressure over that of the
atmosphere ? for this, and this alone, would put an end to all
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possibility of accident. Before attempting to show that there
is no obstacle whatever in the way of this, it may be well to
state briefly the mode in which engines are made to operate.
[ speak here altogether of the low pressure, or, more properly,
the condensing engine; this, as 1 have before stated, being
the most safe, although by no means free from danger. In
working an engine, of this sort, it iz usual to raise the steam
in the boiler to exert a pressure of about 12 pounds, above the
pressure of the atmosphere, upon every square inch of the
surface which surrounds it. A portion of this steam is then
suflered to pass into one end, suppose the top, of the cylinder,
where it exerts, essentially, the same pressure which it pos-
sessed in the boiler. By this the piston is made to move through
the cylinder to the bottora.  When the piston has thus arrived
at the bottom of the cylinder, the steam, with which the cyl-
inder is now filled, is, by the operation of a peculiar apparatus,
which it is not necessary to describe, condensed ; at the same
time, more steam, from the boiler, is let in to the bottom of the
cylinder, and the piston is driven to the top, when this steam
is condensed, and the piston is, by a further supply of steam,
at the top of the eylinder, driven again to the bottom; and
these operations are continually repeated.

‘ Let us now examine the force with which the piston is
moved through the cylinder, under the conditions here nam-
ed. If we take the steam to possess an elastic force of 12
pounds upon every inch of the area of the piston, above the
pressure of the atmosphere, its whole elastic force must be 27
pounds, the force of the atmosphere never varying much from
15 pounds. Suppose the piston to be 50 inches in diameter,
it will then contain an area of 1950 square inches nearly.
We have then a force of 52,650 pounds pressure upon the end
of the piston exposed to the steam. Now, on the opposite end
of the piston, the steam having been condensed as much as
possible, there is a vacuum. It is perfectly practicable to car-
ry the condensation as low as 3 pounds to the inch ; which,
multiplied by 1950 inches, as before, gives 5850 pounds ; and
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this small force only is opposed to the 52,650 pounds, which I
have shown to be the pressure of the steam upon the piston.
The piston will then move with a force of 52,650, less 5850
or 46,800 pounds. Let us now suppose that instead of using
steam of an elastic force of 12 pounds above the pressure of
the atmosphere, we use it at precisely the atmospheric pressure.
It is evident that the force on the piston will then be 1950, the
number of square inches, multiplied by 15, the pressure on
each inch, or 29,250 pounds. 'The resistance on the opposite
end will be as before, 5850 pounds, leaving the effective force
23,400 pounds. The same piston then will, if wrought with
steam which exerts no pressure whatever, on the boiler, above
the force of the atmosphere, give half as much force as when
wrought with steam of 12 pounds to the inch.—T'o obtain an
equal force, then, we have only to double the area of the piston,
or to make its diameter 70,7 inches instead of 50. A boiler
for such steam may be made of any material whatever, that
will hold water. It may be made of sheet iron, of tin, of sheet
lead ; T might almost say of paper, for it is possible to boil
water in a paper vessel. The boiler may be closed with a
common pot-lid, and ¢an no more burst than a tea-kettle.
 The facts before stated are so familiar to all engineers, that
I ought not, perhaps, to have detailed them. They may not,
however, have been known to all persons who yet travel
in peril of life and limb. 1Itis not to be expected that any
change of this kind will be made in engines, unless they can
be constructed and wrought without a greater cost than is re-
quired in the present mode. It is perfeetly easy to show that
this will be the case ; for, first, no greater cost would be required
in any part, except in the cylinder, piston, steam-pipes and
valves, which must be made of double size, in this to the com-
mon engine, to furnish an equal force. The piston rod, lever
heam, or cross head, connecting rods, shafts, cranks, indeed
all the other moveable parts would be required of like size, for
engines of like force, in either form of construction. The in-
crease of size vequired in the cylinder and piston would be
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much more than compensated, by a diminution in the cost of
the boiler. There would in fact be a very great saving of ex-
pense by adopting this mode of construction. The cost of
working an engine consists principally in the maintenance of
the fire; it is therefore directly as the quantity of fuel consum-
ed or the quantity of heat required for the production of the
steam. Now it may be said that for an engine of this con-
struction, as the eylinder must be of twice the size of that or-
dinarily used, to produce an equal force, therefore a double
quantity of steam must be used, and, censequently, a double
quantity of fuel will be required for its production. This will,
on examination, be found altogether fallacious. It is true that
a double volume of steam will be required, but its density will
be but little more than half as great as that of steam of double
elastic force.—Now the heat contained in steam, from the boil-
er of an engine, is known to be, very nearly, in the direct ra-
tio of its density. T'wo volumes therefore, the density of which
shall be represented by 1, and one volume of a density repre-
sented by 2, will contain very nearly equal quantities of heat :
and as the same quantity of heat may, in both cases, be ob-
tained from the same fuel, we have the same power obtained
at about the same cost, whether we use steam at the usual
elastic force, or, merely sufficient to sustain the weight of the
atmosphere.

“In the preceding statement 1 have constantly supposed
the engines to be wrought in the ordinary mode, that is, at,
full pressure.  Ifthe steam were used expansively, there would
be a difference in favor of that having the greater elastic force.
But this is a hypothetical case, for the engines of steam boats
are seldom used expansively, and, in the few instances where
they are so used, it is not carried to an extent which would af-
fect in any great degree the results above stated.

“There are many advantages incidental to the use of ai-
mospheric steam, which are important besides those before

enumerated.  Amongst these are the saving of weight, in the
4
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CONVEYING WATER.
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